
 
 

Determinants of innovation for 

Australian-invented medical patents and 

the case of the VenousAid Stocking 

 

 
 

 

 

    Eugen Mattes 
    MBBS, MPH 

 

 

 

 

 

    This dissertation is presented for the degree of 

    Doctor of Philosophy 

    Department of Surgery 

    University of Western Australia 

     

     

    2003 

 

 

 



 

 

i

ABSTRACT 

 

Technological innovation is considered the main contributor to economic growth.  The 

systems of innovation framework aims to examine the causal pathways leading to 

technological innovation.  However, most existing research under this framework, due 

to theoretical or methodological weaknesses, is unable to validate causal pathways or 

determinants of innovation.  Institutions that guide human interaction within innovation 

systems are thought to be particularly important.  The challenge has been to develop a 

taxonomy with which to conduct an empirical analysis of the impact of the institutional 

milieu on innovation.   

 

This thesis examines medical technological innovation within Australia and provides a 

basis from which such a taxonomy and other associated measures for systems of 

innovation have been developed. 

 

Medical industries are economically significant in developed countries and are amongst 

the most profitable worldwide.  They use patents extensively to protect their 

innovations.  In this context medical patents are an efficient means of examining the 

determinants of innovation.  Few studies worldwide have explored the 

commercialisation process from patent to technological innovation and none has 

examined medical patents specifically. 

 

This thesis contains three empirical studies:  

- a description of Australian medical technology patented in the US between 

1984-1999; 

- a survey of their inventors to examine the commercialisation process and 

identify the determinants of technological innovation; and 

- a case study of the commercialisation of an invention arising within an 

Australian university using qualitative methods.  

 

The first study is a population-based descriptive study of all US medical patents granted 

to Australian resident inventors between 1984 and 1999.  During this period 7,835 US 

patents were granted to Australian resident inventors.  Of these, 17% are identified as 

medical, and the proportion of medical patents rose from 10% to 25% of all Australian 
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patents in the US from 1984 to 1999.  The increase is largely due to Australian 

biotechnology patents, which increased from 10% to 55% of all medical patents during 

this period.  Overall, medical patents are an increasingly significant proportion of 

Australia’s intellectual property portfolio.   

 

The second study is a survey of 402 first-named Australian inventors listed on the 602 

medical patents granted in the US in 1984-1994.  The aim is to assess their experience 

and success in commercialising their patented inventions.  The correct address was 

found for 274 inventors of whom 177 (65%) were surveyed with no evidence of a 

significant response bias.  This is the first known study surveying a nationally 

representative sample of medical inventors listed on patents.   

 

The survey demonstrates that: 

- Australian medical patents have considerable commercial value with 50% 

becoming technological innovations and 13% generating sales of over AUD$1 

million a median of 8 years after the patent was granted; 

- of the technological innovations, 43% are solely manufactured in Australia, 29% 

are solely manufactured overseas, 21% are manufactured both in Australia and 

overseas (and for 6% this was not indicated); 

- 53% of Australian medical inventors hold doctorates; and 

- the Australian government is important both as a source of patented Australian 

medical inventions and in the extensive support it provides the innovation 

process.  

 

Policy recommendations for Australia, arising primarily from this survey, are included 

as an appendix to the thesis. 

 

The third study is a case report using qualitative methods, especially participant 

observation, analysing the commercialisation of an invention called the VenousAid 

Stocking.  This originated in the Department of Surgery at the University of Western 

Australia.  The data are examined principally by thematic analysis.  In 1995 a prototype 

was made and clinically tested.  Salzmann AG, a Swiss company, agreed to go ahead 

with further development in 1996.  However, in 1997 the company ended its 

involvement in the development project due to difficulties in design and marketing.   
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This case:  

- supports the Kline and Rosenberg chain-linked model of innovation; 

- illustrates the complexity and uniqueness of institutional environments 

encountered by an inventor during their lifetime; and 

- provides a method to begin measuring an inventor’s institutional exposures. 

 

The thesis examines determinants of innovation by comparing patents successfully 

commercialised with those that were not.  Determinants with a statistically significant 

association with innovation during the univariate analysis were used in a logistic 

regression analysis to identify the most important determinants.  This analysis found a 

greater likelihood of a medical patent of becoming an innovation if: 

- the inventor was employed by industry at the time of invention; 

- the patent had been licensed; 

- the research leading to the patent was not funded by a public agency; 

- the inventor had invested their own finances in the commercialisation process; 

and 

- an industry partner was involved in the patent’s commercial development. 

 

Based on this empirical evidence, the thesis proposes a number of new and improved 

empirical approaches to investigating systems of innovation, including: 

- methods for measuring human capital and the creation, diffusion and use of 

knowledge; 

- a taxonomy of institutions; and 

- a new definition for systems of innovation.   

 

The thesis concludes by coalescing these findings into a new model for systems of 

innovation called “the necklace model” with institutions positioned as its metaphorical 

“clasp”.   
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1. INTRODUCTION 

 

I sing, not arms and the hero, but the philosophic man: he who seeks in contemplation 

to discover the inner will of the world, in invention to discover the means of fulfilling 

that will, and in action to do that will by the so-discovered means.  

George Bernard Shaw (1928: 115) 

 

1.1 BACKGROUND 

 

Technological innovation is the generation of new or improved products or production 

processes.  It is considered the key contributor to economic growth.  Despite this, the 

determinants or causal factors leading to technological innovation have only been 

investigated in the last 30 years probably starting with Freeman (1974) and 

“surprisingly little systematic and detailed research seems to have been done on 

determinants of innovation” (Edquist 2001: 10).  Furthermore, “the causal linkages 

between innovation and economic growth are still not well understood” (Carlsson 1994: 

13).   

 

Medical industries are economically significant in developed countries and are amongst 

the most profitable worldwide.  They use patents extensively to protect their 

innovations.  In this context medical patents are an efficient means of examining 

determinants of innovation.  The commercialisation process from patent to 

technological innovation is a complex process with numerous possible feedback loops 

and pathways of progression (Kline & Rosenberg 1986).  It is influenced by its origin 

whether from business, university, other parts of the public sector or from individual 

inventors.  The process can encompass the protection of intellectual property through 

such means as patents and licenses.  It can also involve sourcing finance, developing 

prototypes, creating start-up companies, transferring technology to industry, and 

designing, producing, marketing and distributing new products or concepts (Australian 

Academy of Technological Sciences and Engineering 1995; Office of Technology 

Assessment 1995).  As the literature review will demonstrate, few studies worldwide 

have explored the process from patent to technological innovation and none has 
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examined medical patents specifically.  These studies were largely conducted outside 

the realm of the systems of innovation literature.  In particular there is a paucity of 

systematic research investigating the source of new medical technologies and the 

process of its commercialisation, especially in the context of a whole country.  

 

A number of factors influenced the motivation for choosing the commercialisation of 

medical patents as the topic of research.  These include: 

- the candidate’s medical background; 

- that around the time of planning the thesis there had been growing interest in 

harnessing the economic value of medical technology conceived and created in 

Australia (Department of Health Housing and Community Services 1991; 

Pappas Carter Evans & Koop 1991; CEDA 1992; Turpin, Marsh, Merson, 

Chapple & Hill 1992; Giutsi & McDougall 1994); and 

- that the candidate and one of his supervisors (Professor Michael Stacey) were 

commercialising a medical device called the VenousAid Stocking which 

provided a unique opportunity to explore the commercialisation process from a 

qualitative perspective using participant observation. 

 

Models of innovation provide an alternative framework to examine the innovation 

process and have the potential to effectively convey key concepts (e.g. Porter 1990).  

However, most models have a restricted perspective on the determinants of innovation, 

especially concerning institutions which are either left out or incorporated in a 

fragmented manner.  Institutions that guide human interaction within societies are 

thought to be particularly important determinants of innovation.  The challenge is to 

develop a taxonomy with which to conduct an empirical analysis of the impact of the 

institutional milieu on innovation.   

 

1.2 RESEARCH QUESTION 

 

This thesis explores the process of commercialising patented medical technology in 

Australia.  In particular, it seeks to identify the determinants of medical patents 

becoming technological innovations.  The word “determinant” in this thesis means 

causal factor, and thus, the thesis is looking at causal pathways to technological 
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innovation.  The systems of innovation framework aims to examine these causal 

pathways, and hence, it was chosen as the theoretical framework for this thesis.  This 

thesis started with a national innovation systems focus in 1995 and changed to the more 

generic systems of innovation framework after the publication of Systems of innovation: 

technologies, institutions and organizations edited by Edquist (1997b).   

 

The main research question of this thesis is: what are the determinants of innovation for 

Australian medical patents granted in the US? 

 

1.3 APPROACH TO RESEARCH QUESTION 

 

This thesis has a strong emphasis on empirical methods and on causality.  This arises 

from the candidate’s background in medicine and epidemiology.  Whenever the 

candidate examined a theoretical issue, the underlying focus was how to assess this 

issue in full empirical reality.  This is not the “pseudo-rationalist ideal of universal 

determinism” but rather that of an empiricist knowing of “no guide to principle except 

successful practice” (Cartwright 1999: 6&2).  This reflects clinical training and practice 

where scientific findings are adapted to the needs of the individual patient.   

 

This thesis contains three empirical studies:  

- a description of Australian medical technology patented in the US between 

1984-1999; 

- a survey of their inventors to examine the commercialisation process and 

identify their determinants of technological innovation; and 

- a case study of the commercialisation of an invention arising within an 

Australian university using qualitative methods.  

 

The description and survey focus on utility patents granted in the United States to 

Australian residents.  Australian patents in the US are arguably the most important 

subset of Australian patents worldwide (Bertin & Wyatt 1988; Patel & Pavitt 1995a; 

Department of Industry Science and Technology 1996).   

 

The studies in this thesis provide the opportunity to examine: 
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- the determinants of innovation for Australian medical patents; 

- the source of innovation for these patents; 

- the relevance of different models of innovation; and 

- the institutional environments encountered by inventors. 

 

The thesis examines determinants of innovation by comparing patents successfully 

commercialised with those that were not.  Determinants with a statistically significant 

association with innovation during the univariate analysis were used in a logistic 

regression analysis to identify the most important determinants.  This analysis found 

which factors increased the likelihood of a medical patent becoming an innovation. 

 

By examining medical technological innovation within Australia, this thesis provides a 

basis for developing a taxonomy for institutions and other associated measures for 

systems of innovation.  An attempt is made to draw all these findings into a new model 

for systems of innovation. 

 

1.4 SIGNIFICANCE OF RESEARCH QUESTION 

 

Technological innovations are central to economic growth.  Elucidating their 

determinants may improve understanding of the process of innovation development.  

This thesis attempts to provide a robust approach to examine the determinants of 

innovation using medical patents.  The systems of innovation framework has innovation 

as its central focus, unlike most theories on economic change which leave innovations 

outside their models.  Thus, innovation systems may provide a basis for empirically 

investigating economic change and ultimately have the potential to become a theory of 

economic change.  By investigating the determinants of innovation including the role of 

institutions and articulating improved empirical approaches, it is the hope of this thesis 

to enhance the assessment of innovation and its impact on economic change. 
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2. LITERATURE REVIEW 

 

There is nothing so powerful, not all the armies in the world, 

as an idea whose time has come 

Victor Hugo (1802-1885)1 

 

2.1 INTRODUCTION 

 

The literature review begins by explaining why the literature on the systems of 

innovation forms the theoretical basis of this thesis.  It continues with definitions of 

innovation, commercialisation and medical technology.   

 

The main body of the review examines the theoretical and methodological issues 

involved in investigating the determinants of technological innovation.  Theoretical 

issues are considered through the literature on systems of innovation.  Some concepts 

on causation are also informed by epidemiology.  Methodological issues are examined 

through the empirical literature focusing on the source of innovation.  Models of 

innovation relevant to this thesis are assessed as to their conceptual breadth in 

elucidating innovation determinants.   

 

The review goes on to describe previous studies, outside the innovation literature, that 

have surveyed inventors listed on patents, the central method employed in this thesis to 

examine the determinants of innovation.  It concludes by depicting Australian economic 

conditions to assist in the interpretation of empirical results.   

 

                                                 
1 This quotation was derived from "An invasion of armies can be resisted, but not an idea whose time has 

come" in Hugo's Histoire d’un Crime (1851-1852).  It appears he spoke on this topic many times and 

with many variations (see http://www.politicalbookreviews.com/quotable_archive.htm [1 August 2003]). 
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2.2 ECONOMIC THEORIES AND INNOVATION 

 

This section outlines the dominant economic theories examining economic change and 

explains why the innovation systems approach is the best framework to examine 

innovation. 

 

Change in technology through innovation is thought to be the major cause for economic 

growth (Nelson & Winter 1982; Freeman 1994b).  However, the causal relationship 

between innovation and economic growth is still unclear (Carlsson 1994: 13).  One of 

the biggest challenges in economics is to develop a theory of economic change, which 

incorporates innovation as a central element.  North (1999: 9) considers that traditional 

economic analysis, primarily under the guise of neoclassical economics, is not up to the 

task of developing a theory of economic change.  

 

We are a long way from such a theory; and indeed in the neat sense of being 

comparable with the kinds of general theories we have in economics, such a 

theory is probably impossible.  But understanding the process of economic 

change is an essential prerequisite to improving economic performance.  We live 

in a world of dynamic economic change, but the theory we employ to 

understand our world is static and the tools we employ to understand and control 

this world are simply inadequate to deal with the issues. (North 1999: 9) 

 

In other words, neoclassical theories assume that the economy is in equilibrium (Dosi, 

Pavitt & Soete 1990), which Schumpeter (1942: 84) called being in a “perennial lull”.  

He went on to say that traditional economists 

 

… accept the data of the momentary situation as if there were no past or future 

to it and think that they have understood what there is to understand if they 

interpret the behavior of those firms by means of the principle of maximizing 

profits… (Schumpeter 1942: 84)   

 



 

 

7

Economic theory that ignores competition arising from new technology, new source of 

supply, new commodity, new type of organisation or other change “neglects all that is 

most typically capitalist … it is like Hamlet without the Danish prince” (Schumpeter 

1942: 86).  Change means there is never perfect competition or a state of equilibrium.  

Rather economies are in a constant “gale of creative destruction” or disequilibrium 

(Schumpeter 1942: 84).   

 

Neoclassical economics treats technological change as an exogenous rather than an 

integral factor in their economic models (Dosi, Pavitt & Soete 1990).  New technology 

is traditionally taken as being “manna from heaven” (Marceau, Manley & Sicklen 1997: 

1.5) or consigned to a mysterious “black box” of unknowns (Rosenberg 1994: ix).  

Despite this, neoclassical economics is still the dominant paradigm amongst 

professional economists (Anderson 1998).   

 

However, when Solow (1957), who was later awarded the Nobel Prize in economics, 

examined growth in the US economy from 1909 to 1949 he found that 87% of the 

growth could not be explained by growth in capital2 and labour, the focus of traditional 

economic analysis.  Hence, “the residual or unexpected portion of growth must be 

attributable to something else” (Feldman 2002: 22).  Solow speculated that this residual 

represents technical change.  This has since been dubbed the Solow residual or multi-

factor productivity (MFP)3.  Neoclassical analysis has combined these measures into an 

aggregate production function which attributes growth to the accumulation of labour 

and capital and to MFP growth (OECD 2000b: 99). 

 

                                                 
2 Capital is defined as “all manufactured aids to production, that is, all tools, machinery, equipment, and 

factory, storage, transport and distribution facilities used in producing goods and services and getting 

them to the ultimate consumer” (Jackson & McConnell 1986: 18).  Capital is not money (which is 

referred to as financial capital).  The traditional factors of production or inputs or economic resources 

include land (natural resources), labour, capital and enterprise (Jackson & McConnell 1986: 18-19).  

Enterprise is the contribution to production by the entrepreneur, who organises the other three factors of 

production and bears the risk of success or failure (Miller & Shade 1980: 52).  With the development of 

limited liability companies the role of entrepreneur has been split between shareholders and managers 

hired by the company. 
3 MFP is also known as total factor productivity (TFP). 



 

 

8

MFP growth is often used as a measure of technological change.  The problem, 

however, is that MFP growth is unlikely to fully account for the role of technological 

change and innovation as (OECD 2000b: 99): 

- capital, such as machinery and equipment used in the production process, is 

subject to technological change; 

- labour changes in response to technological change, including a growth in 

demand for skills and an improved quality of labour input; and 

- MFP is calculated as a residual, and thus, it also incorporates all measurement 

errors. 

 

The classic way to measure growth is the gross domestic product (GDP)4 or the 

economy’s aggregate output.  One of the ways to divide GDP growth is into the sum of 

growth in labour, capital and MFP (e.g. OECD 2000b: 119).  In order to measure the 

impact of innovation on economic growth, one must not only examine its influence on 

MFP growth, but also on that of capital and labour.  As Edquist (1997a: 1) states 

“innovations are the most important sources of productivity growth and increased 

material wealth …  as well as the creation of new employment”. 

 

Neoclassical economic theories are further limited in the range of methods employed 

(econometrics and mathematical modelling) and the high level of abstraction from 

reality that occurs with analysis (Freeman 2001a).  They suffer from making many 

assumptions about human behaviour with conceptual difficulties rarely being 

acknowledged (Bitsch 2000).  As Coase (1998: 72-73) put it frankly for 

microeconomics 

 

Economists since Adam Smith have devoted themselves to formalizing his 

doctrine of the invisible hand, the coordination of the economic system by the 

pricing system … economists study how supply and demand determine prices 

but not with the factors that determine what goods and services are traded on 

markets and therefore are priced … mainstream economics is certainly strong on 

theory if weak on facts … [it] is a method rather than a doctrine … It reminds 

me of two lines from a modern poet …. 

                                                 
4 GDP is defined as “the total market value of all final goods and services produced in the economy in 

one year” (Jackson & McConnell 1986: 126).   
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I see the bridle and the bit all right 

But where’s the bloody horse? 

 

Due to the theoretical and methodological inadequacies of neoclassical economic 

theories in explaining growth and the role of new technology in modern economies, a 

number of new economic disciplines have emerged including (Gregersen & Johnson 

1997): 

- neoclassical growth theories consisting of growth accounting and the new 

growth theories; 

- evolutionary innovation theories (Nelson & Winter 1982); and 

- systems of innovation framework (Edquist 1997b). 

 

It is beyond the remit of this thesis to provide a detailed critique of these theories, which 

have been well done by others (Gregersen & Johnson 1997; Marceau, Manley & 

Sicklen 1997; OECD 2000b; Fagerberg 2003).  The aim is to provide a brief overview 

and the reason for choosing the systems of innovation framework. 

 

Growth accounting, in the main adds supplementary explanatory variables into 

neoclassical models.  For example, Maddison (1987, cited in Gregersen & Johnson 

1997: 8) was able to explain up to 75% of economic growth for some countries during 

1913-1984 by adding variables for “quality of capital, quality of labour, structural 

change, the catch-up bonus, foreign trade effect, economies of scale, the energy effect, 

labour hoarding/dishoarding, use of capacity effect, regulation and crime”.  However, 

these models suffer from a number of deficiencies including assuming that “capital, 

labour, and technical change have separate and additive effects on economic growth” 

and not allowing for interaction and multiplying effects (Gregersen & Johnson 1997: 8).  

Thus, it is not easy to examine causality as it is “impossible to isolate the contributions 

to growth from specific factors” (Gregersen & Johnson 1997: 8).  Growth accounting 

offers little insight into the determinants of economic change, “such as technological 

change and innovation” (OECD 2000b: 118).  Essentially, growth accounting is still a 

neoclassical, full employment, one-commodity world with profit-maximising firms and 

a long run equilibrium approach to growth (Gregersen & Johnson 1997).   
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The new growth theories demonstrate how advances in technology occur as a 

consequence of investing in capital, labour and R&D (Marceau, Manley & Sicklen 

1997).  The new growth theories suffer from similar drawbacks in theory and method as 

neoclassical economics.  Their main constraints are that they (Marceau, Manley & 

Sicklen 1997): 

- determine that economic growth is driven by knowledge “externalities” such as 

publicly funded research or R&D undertaken by business rather than treating 

knowledge as an integral part of the workings of a firm; 

- assume growth is constrained by the supply of capital, labour and knowledge, 

and is not affected by conditions of demand (such as the income, expectation 

and tastes of customers, size of population, and prices of other related goods 

(Miller & Shade 1980)); and 

- assume that production output increases in direct proportion to inputs into the 

production process. 

 

In contrast, the evolutionary innovation theories put technological change at the 

centre of economic progress.  These theories have emerged from the ideas of 

Schumpeter5 (1942) and were outlined by Nelson and Winter (1982).  Their aim was to 

“develop an evolutionary theory of the capabilities and behavior of business firms 

operating in a market environment” (Nelson & Winter 1982: 3).  They argue that “an 

evolutionary theory is useful in analyzing a wide range of phenomena associated with 

economic change stemming either from shifts in product demand or factor supply 

conditions, or from innovation on the part of firms” (Nelson & Winter 1982: 3).  In 

particular they were looking at “the response of firms and the industry to changed 

                                                 
5 Joseph Schumpeter (1883-1950) was an Austrian economist who became Austrian finance minister in 

the unrewarding post-war years in the 1920s, when he presided over the great rise in inflation (Galbraith 

1987).  He was successively professor at Czernovitz, Graz, Bonn and later professor of economics at 

Harvard University in 1932, where he remained until his death in 1950 (Schumpeter 1942).  His thinking 

was influenced by Karl Marx, artists like Gustav Klimt, other disciplines like sociology, the tumult in 

Europe before, during and after World War I and the Great Depression.  He also predicted the end of 

capitalism, crumbling under the weight of its success (not failure), which would provide the environment 

for socialism to emerge (Schumpeter 1942).  He wrote about his ideas on the evolution of economies in 

two major works The theory of economic development in 1934 and Capitalism, socialism and democracy 

in 1942.   
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market conditions, economic growth, and competition through innovation” (Nelson & 

Winter 1982: 3).   

 

Evolutionary economists argue that innovation and technical change occur as a 

consequence of information asymmetries and market imperfections.  They make 

the point that equilibrium concepts may be the wrong tools for approaching the 

measurement of productivity change, because if there truly was equilibrium 

there would be no incentive to search, research and innovate, and there would be 

no productivity growth. … They suggest that knowledge accumulation is path 

dependent (along “technological trajectories” having some inertia), non-linear 

(involving interactions between different stages or research and innovation) and 

shaped by the interplay of market and non-market organisations and institutions 

(social norms, regulations, etc.) …  The work of evolutionary economists has 

not yet been formalised and modelled to the same degree as that of neoclassical 

economists and new growth theorists.  This is changing, however, and 

evolutionary economics is likely to become an important complement to new 

growth theory.  Evolutionary economics is already an important building block 

for the concept of national innovation systems that underpins technology and 

innovation policy in many OECD countries ... (OECD 2000b: 99) 

 

Evolutionary theory replaces profit-maximizing behaviour of firms with decision rules 

or “routines” that firms apply over a period of time (Nelson & Winter 1982: 14).  

Routines encompass “all regular and predictable behaviour of firms” and “play the role 

that genes play in biological evolutionary theory” (p.14).  They include routines for 

production, managing workers, ordering inventory, and policies regarding investment, 

R&D or advertising, and “business strategies about product diversification and overseas 

investment” (p.14).  As Fagerberg (2002: 31;  summarised in Fagerberg 2003) explains  

 

routines “determine behaviour (together with impulses from the environment), 

are heritable (as part of the ‘organizational memory’ of the firm) … selectable 

(through the fate of the firms that apply them) … [and] may also change (the 

equivalent of mutation in biology).   
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Firms, for a variety of reasons including a desire to improve profits, will modify or 

replace their routines through “searches”, which are done “through developing a new 

routine from scratch (innovation) or adapting an already existing routine in use 

elsewhere (imitation)” (Fagerberg 2002: 31).  The searches are more likely to provide 

results close to existing technology and once a search is concluded, the firm decides, on 

the basis of production costs and price of product, whether or not the new routine is 

better.  If labour, for example, is too expensive the firms keep searching until finding a 

routine which saves costs.  In evolutionary theory, technology is cumulative (along 

trajectories) with a successful search not only providing a new product, but also a new 

starting point for research. 

 

Fagerberg (2002: 31) believes that the models of Nelson and Winter “are generally too 

complex to allow analytical solutions” and “are therefore best explored through 

simulations”.  In other words, the evolutionary models developed by Nelson and Winter 

(1982) are highly simplified algorithms used to generate computer simulations of 

evolutionary economic processes.  Their analysis was “based on a one-sector approach 

that only allowed for process innovation” and not product innovations (Fagerberg 2002: 

35).  Their simulations predict industrial concentration with one or a few large firms 

dominating markets, and that large imitating firms do better than innovators and smaller 

firms.  Their work has spurred work investigating (Fagerberg 2002: 33-35); 

- the role of knowledge in firms which is embedded in their routines, skills and 

organizational memory; 

- formal growth models of evolutionary dynamics; and 

- differences between industries or sectors. 

 

However, for all such modelling work to be really useful, it needs to be more closely 

linked to the findings of empirical research (Fagerberg 2002: 36). 

 

Fagerberg (2002: 37-38) believes the main contribution of evolutionary innovation 

theorists to be their emphasise on the importance of: 

- a population approach in economics that examines heterogeneous agents rather 

than the homogeneous or “representative” agents of macroeconomics; 
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- new variety or constant innovation as the source of growth in evolutionary 

models, because without new variety, selection reduces variety leading to a 

stationary state and a stagnation of growth; and 

- understanding “how actors think, learn and act” in generating new variety or 

innovation. 

 

The last point Fagerberg (2002: 38) explains 

 

The question of how new variety is generated is closely linked to the issue of 

how actors think, learn and act.  This is, of course, the very issue on which 

Nelson and Winter made their most original contribution.  What they did was to 

apply the ideas of ‘procedural rationality’ or ‘satisficing behaviour’, initially 

developed for individual actors, to the actions of entire firms.  Hence firms’ 

actions – included search for new or improved routines if necessary – became 

entirely routine-based.  However, routines are also allowed to change through 

the interplay between search processes (with stochastic outcomes) on the one 

hand and selection processes on the other hand.  The formulation of this 

approach was clearly an important scientific achievement that has yet to receive 

the academic recognition it arguably deserves.  

 

For these reasons, especially as constant innovation is seen as the source of economic 

growth, the determinants of innovation surface as a very important issue in evolutionary 

theory.  Unfortunately, this is “a topic on which the evolutionary modellers have 

relatively little to say” (Fagerberg 2002: 38). 

 

Andersen (1994: x) considers “the four major characteristics of a viable new 

evolutionary economics: population thinking, empirical orientation, an algorithmic 

approach, and a relationship to old evolutionary economists (like Schumpeter)”.  The 

bias in the work of Nelson and Winter (1982) and Andersen (1994: xi) is “related to its 

algorithmic approach which may appear to encourage researchers to neglect a 

formalised, deductive approach to evolutionary processes”.  In contrast, the work in this 

thesis is towards population thinking and an empirical orientation using deductive but 

also inductive approaches. 
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Despite their contributions to debates on innovation, the new growth theories, growth 

accounting and evolutionary innovation theories suffer from theoretical and 

methodological limitations in attempting to explain the contribution of innovation to 

economic growth.  As Dodgson (2000: 47) writes  

 

Measuring the relationship between technological innovation and economic 

growth is difficult because of data shortcomings and the complexity of 

innovation itself (it is not a ‘discrete’ activity, but rather involves a number of 

interactions over a lengthy period). 

 

The systems of innovation approach emerged in 1987 from the work on the Japanese 

national innovation system by Freeman (1987).  Lundvall (1992b) and Nelson (1993) 

and their colleagues developed this concept further.  Since then the national innovation 

systems’ approach has been the dominant framework for researchers and policymakers 

examining systems of innovation, particularly of the OECD (e.g. 1999b; 2000b; 2002a).   

 

Other innovation systems have emerged alongside the national innovation systems and 

include technological (Carlsson & Stankiewicz 1991), sectoral (Breschi & Malerba 

1997; Malerba 2002) and regional (Saxenian 1994) innovation systems.6  Since the 

commencement of this thesis in 1995, all these systems of innovation have been 

evolving.  Most researchers examine innovation from the viewpoint of a particular 

system of innovation.  Edquist (1997b) tied all these disparate but complementary 

approaches under the systems of innovation mantle.  Edquist (1997a: 7) considers that 

“theories of interactive learning together with evolutionary theories of technical change 

constitute the origins of the systems of innovation approach”. 

 

The systems of innovation approach encompasses a powerful set of tools for “empirical 

study of innovations in their contexts” (Edquist 1997b: xiii).  Despite its relative 

infancy of 15 years, the results of this research are very influential.  Freeman calls the 

national innovation systems framework a “national systems theory” (Freeman 2002: 

193), though Senker and colleagues (1999) and Edquist (2001) feel that it has not yet 

                                                 
6 Clusters of innovation examines agents linked in a value chain of production and can be viewed as a 

reduced-scale national innovation system with features of technological, sectoral and regional innovation 

systems (OECD 1999a). 
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achieved this status.  Edquist’s (2001: 3) reasoning is that “some concepts were used, in 

different and inconsistent ways”, and functional boundaries were vaguely defined, as 

were “relations between variables”.  “There is a strong need for further conceptual and 

theoretical development and sharpening of the SI [systems of innovation] approach ... 

the best way of doing this is … in empirical (and comparative) research.” (Edquist 

2001: 3)  This is the approach taken in this thesis. 

 

As Edquist (1997a: 27) argues, the benefit of not yet having the status of a theory is that 

the systems of innovation approach provides an openness and flexibility that allows 

room for competing perspectives without prematurely excluding “solutions that may 

have large potential”.   

 

In this thesis, the terms “systems of innovation” and “innovation systems” are 

synonymous.  They have been described either as approaches or frameworks and not a 

theory for the reasons outlined above.  Specific systems of innovation, such as national, 

regional, technological or sectoral, will be labelled as such.   

 

Before investigating the theoretical and methodological issues associated with 

examining the determinants of innovation, the terms innovation, commercialisation and 

medical technology will be defined.   
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2.3 DEFINITION OF INNOVATION AND COMMERCIALISATION 

 

Innovation has many definitions but the international literature primarily follows that of 

the OECD (1996b).  This definition of technological innovation is rather cumbersome. 

 

Technological product and process (TPP) innovations comprise implemented 

technologically new products and processes and significant technological 

improvements in products and processes.  A TPP innovation has been 

implemented if it has been introduced on the market (product innovation) or 

used within a production process (process innovation).  TPP innovations involve 

a series of scientific, technological, organisational, financial and commercial 

activities. (OECD 1996b: 31, emphasis as in original) 

 

Simply put, technological innovations involve new or significantly improved products 

which have been marketed, or new or significantly improved processes which have been 

used in a production process (Figure 2.1).  The product or process should be new or a 

significant improvement to the firm.  It does not need to be new to the world.   

 

  Innovations   
       
       
 Technologica

l 
   Non-Technological  

       
Product  Proces

s 
 Organisational  Managerial ?* 

- goods       
- 
services 

      

       
       
 

Adapted from information in (OECD 1996b) 
* Classification of non-technological innovations is confusing as they are described initially as 

“organisational innovations” (pp.36-37) and later as both “organisational and managerial 
innovations” (p.88). 

 

Figure  2.1: The OECD taxonomy of innovations 
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At its broadest, innovation means “a novelty of economic value” (Marceau 2001: 146).  

In order to determine its economic value, an innovation must have been put into 

operation in the economy (Marceau 2001).   

 

There are a number of ambiguities in the OECD definition of technological innovation.  

For example, the definition of “significant” in relation to technological improvements is 

not clear (OECD 1996b: 31).  Moreover, for services even the distinction between 

product and process innovations may be blurred.  An example is a telecommunications 

company improving the processing of phone calls by introducing an intelligent network 

(process innovation) (OECD 1996b).  However, this may simultaneously permit the 

company to market a new set of products such as call waiting (product innovation). 

 

Non-technological innovations include all innovation activities that are not covered by 

technological innovation (Figure 2.1).  This definition was developed by the Australian 

Bureau of Statistics (1994) through its 1994 Innovation Survey and has been adopted by 

the OECD (1996b: 88-89).  The OECD classification of non-technological innovations 

is confusing as they are described initially as “organisational innovations” (OECD 

1996b: 36-37) and later as both “organisational and managerial innovations” (p.88).  As 

will become clear separating organisational from managerial innovations appears to be 

particularly difficult.  Most researchers do not distinguish between the two and describe 

them as organisational innovations.  Organisational innovations include (OECD 1996b: 

36-37): 

- the implementation of advanced management techniques such as total quality 

management (TQM) or total quality service (TQS); 

- the introduction of significantly changed organisational structures; and 

- the implementation of new or substantially changed corporate strategic 

orientations. 

 

So, organisational innovations could include (Marceau 2001: 146): 

− changes in the style of management or workplace culture such as empowering 

workers to have an increased say in management or providing them with new 

incentives; 

− substantially greater investment in R&D by a firm; 
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− increasing the firm’s capacity to absorb new knowledge through staff training or 

recruiting more highly educated staff; and 

− improving links with universities and other research organisations, with 

customers and suppliers or even with competitor firms. 

 

The OECD definitions have a degree of overlap which can make it difficult to 

differentiate an organisational from a technological process innovation.  An 

organisation change is only classified as an innovation if “there is a measurable change 

in output, such as increased productivity or sales” (OECD 1996b: 37).  However this 

definition clashes with that of a technological process innovation which in its definition 

includes an increase in “the production or delivery efficiency of existing products” 

(OECD 1996b: 32).  So, if an organisational change leads to increased productivity in 

the production of an existing product – then it is by definition both an organisational 

and a technological process innovation.  A further confusing issue is that reorganisation 

of a firm’s production facility is considered a technological process innovation, whereas 

reorganisation in other areas of the firm is regarded as an organisational innovation 

(OECD 1996b: 37).   

 

The important point for empirical analysis is that both organisational and technological 

innovations are defined by a measurable improvement in a firm’s output. 

 

The words invention, innovation and commercialisation are often used in a number of 

overlapping ways (Office of Technology Assessment 1995).  In this study an invention 

is the “initial conception of a new product, process or service, but not the act of putting 

it to use” (Office of Technology Assessment 1995: 2).  An invention can be protected 

by patent, though many are not patented, and many patents are never exploited 

commercially (Figure 2.2).  Innovative products need to be differentiated “from 

inventions, many of which stay on the nation’s intellectual property storage shelf, even 

though firmly protected by international patents” (Marceau 2001: 146).   
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Adapted from (Popp 2002) 

Figure  2.2: Relationship between inventions, patents and technological 

innovations and their commercial use 

 

 

To commercialise means “to make commercial in character, methods or spirit; make a 

matter of profit” (Delbridge, Bernard, Blair, Butler, Peters & Yallop 1997: 442).  The 

simplest definition I have seen is (Pappas Carter Evans & Koop 1991): 

 

Innovation = Invention + Commercialisation 

 

In this definition, innovation refers to technological innovation, which is the main focus 

of this thesis.  In this study commercialisation is defined as the attempt to profit from 

an invention 

 

… through the sale or use of new products, processes and services.  The term is 

usually used with regard to a specific technology (e.g. ‘commercializing high-

temperature superconductivity’) to denote the process of incorporating the 

technology into a particular product, process or service to be offered in the 

marketplace.  The term commercialization therefore emphasizes such activities 

as product/process development, manufacturing, and marketing, as well as the 

research that supports them. (Office of Technology Assessment 1995: 2) 

 

Inventions 

Inventions 
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In addition, commercialisation can involve protecting intellectual property through 

patenting or trade secrets, technology transfer from university to industry through such 

vehicles as licensing agreements or start-up companies, and seeking finance such as 

venture capital. 

 

The process of commercialisation can vary enormously, such as whether the technology 

originates from inside or outside industry.  Commercialisation is driven by the 

expectation that a competitive advantage can be gained in the marketplace for a 

particular product or service (Office of Technology Assessment 1995) or through the 

implementation of the technology in a production process.  ‘Successful 

commercialisation’ in this thesis usually refers to a patent that has become a 

technological innovation – technology that has been implemented and is making an 

economic return.   

 

This thesis primarily focuses on the commercialisation of medical patents, examining 

the determinants for such patents becoming technological innovations.  What is the 

definition of medical technology? 

 

2.4 DEFINITION OF MEDICAL TECHNOLOGY 

 

Biomedical technology has been defined as that used in the “detection, diagnosis, 

therapy, rehabilitation, and prevention of disease” (Moskowitz, Finkelstein, Levy, 

Roberts & Sondik 1981: 1).  This definition was adapted for this thesis in order to 

define medical technology.   

 

The word detection was dropped from this definition as “detection”, which means “to 

discover the presence … of” (Delbridge et al. 1997: 587), is essentially synonymous 

with “diagnosis” of disease.   

 

I also wanted to include in this definition technologies specifically used in medical 

research, while excluding generic technologies, which are used in other fields, such as 

information and communication technology.   
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Medical technology includes biotechnology related to humans, but not that associated 

with agriculture, food production, the environment or mining (Ernst and Young 

Australia 2001).   

 

In this thesis, I excluded dental technology, as medical and dental services are 

reasonably independent components of health services.7  However, the International 

Standard Industrial Classification of All Economic Activities, Revision 3.1, (ISIC Rev. 

3.1) from the United Nations (United Nations Statistics Division 2002) divides human 

health activities (Group 851) into the following Classes: 

- 8511 - Hospital activities; 

- 8512 - Medical and dental practice activities; and 

- 8519 - Other human health activities (which includes activities of nurses, 

midwives, physiotherapists or other paramedical practitioners, medical 

laboratories, blood banks, sperm banks, etc. not performed by hospitals). 

 

Essentially the definition of medical technology in this thesis includes technology used 

in all these health activities except for dentistry.8   

 

So, the definition of medical technology used in this thesis is technology which is 

primarily used in the diagnosis, therapy, rehabilitation, prevention and research of 

disease (and excludes technology related specifically to dental disease).   

 

Medical innovation in this thesis refers to medical technological innovation and not 

organisational innovation, such as organisational improvements aimed at enhancing the 

delivery of health services. 

                                                 
7 Examples of this independence are that Australia's universal health insurance scheme Medicare does not 

cover dental treatment (http://www.hic.gov.au/yourhealth/our_services/am.htm, [7 March 2002]), and our 

faculty at the University of Western Australia is called the Faculty of Medicine and Dentistry 

(http://www.meddent.uwa.edu.au/ [7 March 2003]).  In Australia, dental care encompasses around 5% of 

total expenditure on health services (Australian Institute of Health and Welfare 2001: 26).   
8 In retrospect, it is debatable whether I should have excluded dental activities.  Combining medical and 

dental technology gives rise to health care technology.   
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2.5 DETERMINANTS OF INNOVATION 

 

Determinism is a problem not of history, but of all human behaviour 

E. H. Carr (1964: 93) 

 

Edquist (1997a: 14) defines a system of innovation as “all important economic, social, 

political, organizational, and other factors that influence the development, diffusion, and 

use of innovations”.  He (2001: 2) argues that the main purpose of systems of 

innovation research is to identify the determinants of innovation.  In other words, 

systems of innovation aim to identify the causal factors leading to innovations.   

 

A determinant is a causal or aetiological factor.  It can also be referred to as an 

exposure, study (Berry & Simpson 1998), antecedent, predictive, explanatory or 

independent factor.9  In systems of innovation, the interest is in knowing the impact of a 

determinant or putative cause on the outcome or effect of interest, which in this case is 

innovation.  A determinant is not 100% deterministic of innovation but will have 

varying strengths of association with innovation.  The strength of association will vary 

between studies and may even be non-existent in some contexts. 

 

This section endeavours to unpack the theoretical and methodological issues involved in 

examining the determinants of innovation.  In particular, it looks at characteristics of 

innovation systems and the role of institutions.  Some empirical findings are discussed 

before going on to outline methods for the empirical investigation of innovation 

determinants.  This focuses on study design and empirical criteria for causation.  This 

perspective is applied in a review of research looking at the sources of innovation. 

 

                                                 
9 The word determinant does not refer to one of its uses in economics as  

A ceteris paribus factor that is held constant when a curve is constructed.  Changes in these factors 

then cause the curve to shift to a new location.  The most common determinants are demand 

determinants for the demand curve (income, preferences, other prices, buyers' expectations, and 

number of buyers) and supply determinants for the supply curve (resource prices, technology, other 

prices, buyers' expectations, and number of buyers).  See http://www.amosweb.com/cgi-

bin/gls.pl?fcd=dsp&key=determinant [12 November 2003] 
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The line adopted in this section is a generic one for systems of innovation rather than 

honing in on a specific framework such as national, regional, technological or sectoral 

innovation systems.  However, specific examples will be drawn from these different 

frameworks with a tendency towards describing studies concentrating on medical 

technological innovations.   

 

This section adopts both a deductive and an inductive approach (Figure 2.3), with a 

greater emphasis on the deductive aspect which is the main method used in the survey 

of medical inventors in Chapter 5.   

 

 
    Laws, theories and hypotheses 

 

         Induction (exploratory) Deduction (explanatory) 

 

Facts acquired  Predictions and 
through observation explanations 

 

 
Adapted from (Chalmers 1982; Pope & Mays 1995) 

Figure  2.3: Inductive and deductive reasoning in science 

 

Induction, first postulated by Sir Francis Bacon (1561-1626), emphasises the need for 

unprejudiced observation through sensory experience, feelings, and personal judgments 

for developing hypotheses, theories and laws (Chalmers 1982; Glanz, Lewis & Rimer 

1997).  Sir Isaac Newton (1642-1727) is credited with developing what was later called 

the hypothetico-deductive method.  This starts with a hypothesis - basically a 

provisional theory - and then uses deduction to verify it “through empirical methods and 

systematic observation of phenomena” (Glanz, Lewis & Rimer 1997: 25).  The 

philosopher Karl Popper (1976) went further saying that experiments should be 

primarily designed to disprove laws or theories.  A good theory should be testable and 

resists such falsification.  This thesis leans more towards the Newton and Popper camps 

aiming for a deductive approach of testing theory. 

 

Inductive reasoning is also considered, such as developing theories or hypotheses 

through observations from case studies (which is done in Chapters 6 and 7).  Specific 
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inductive methods such as ethnography, phenomenology, and grounded theory used to 

develop theories are not examined.   

 

This section and this thesis have a strong focus on causality in terms of theory and study 

design.  It is one approach to causation.  The purpose is to maximise the utility of the 

results from a particular study in identifying causal factors within the study’s context 

and in the generalisability of its results.  Studies are by their nature constrained by their 

theoretical underpinnings and the context in which they are conducted.  So, this thesis 

does not aspire to identify ultimate causes or the totality of cumulative causation (e.g. 

Lundvall 1992a: 2) or claim that the findings are universal in application.  In other 

words, the purpose of the deliberations is to make study results as true as possible 

within the study’s domain whilst not asserting that that the domain is universal.  

Ensuring rigour in empirical research means that causal factors under investigation are 

well characterised and tested, but it does not mean that the path of cumulative causation 

is included, such as that embodied in history including changes in the institutional 

structure of societies or the cumulative aspects of technology as described in 

technological trajectories. 

 

As Cartwright (1999: 105) states 

 

The term ‘cause’ is highly unspecific.  It commits us to nothing about the kind 

of causality involved nor about how the causes work.  Recognising this should 

make us more cautious about investing in the quest for universal methods for 

causal inference.  Prima facie, it is more reasonable to expect different kinds of 

causes operating in different ways or embedded in differently structured 

environments to be tested by different kinds of statistical tests.  
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2.5.1 Causal inference in innovation 

 

Guala (2001: 170) writes that “The debate on causation in economics has traditionally 

revolved around three questions: 

- Is economics about causal relations (an interpretative problem)? 

- If yes, what sort of relations are these (a conceptual-ontological problem)? 

- And how can we know about them (an epistemological problem)?” 

 

Innovation systems approach is by its very definition concerned with causality.  As 

outlined above, it aims to explore all important factors influencing “the development, 

diffusion, and use of innovations” (Edquist 1997a: 14). 

 

The second question asks: how should this causal relationship be conceptualised?  In 

other words what determinants and outcomes – what putative causes and effects - 

should be measured?  Essentially the theoretical framework describes these variables.  

In this thesis these are primarily encompassed in the innovation systems literature.   

 

The third question is asking: what do we know about these causal relationships?  Hence, 

it is enquiring how to measure determinants and outcomes and estimate the impact of 

these determinants on the outcomes of interest.  This issue of causality is concerned 

with study design, and the methods of measuring variables and analysing their 

relationship.   

 

The second and third questions are respectively concerned with theory and methods in 

relation to the determinants of innovation.  These will be investigated in turn.  Firstly, 

how does theory define the cause and effect relationships to be investigated? 
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2.5.2 Theory and the determinants of innovation  

 

It is the theory that decides what we can observe. 

Albert Einstein (1879-1955)10 

 

Theory identifies what relationships are to be studied, and hence, which determinants 

and outcomes need to be measured.  The definition for a system of innovation identifies 

what the variables of interest are.  Unfortunately, there are at least 7 major definitions 

just for national innovation systems, as well as those for systems of innovation and 

technological and sectoral innovation systems (Table 2.1).  

 

This means from an empirical perspective, there are 9 different possible outcomes to 

choose from.  These outcomes are concerned with:  

- “the development, diffusion, and use of innovations” (Edquist 1997a: 14). 

- the initiation, importation, modification and diffusion of new technologies 

(Freeman 1987: 1); 

- “the production, diffusion and use of new, and economically useful, knowledge” 

(Lundvall 1992a: 2) 

- innovative performance of national firms (Nelson 1993: 4); 

- “the rate and direction of technological change” (Edquist & Lundvall 1993: 267) 

- “rate and direction of technological learning” (Patel & Pavitt 1994: 79);  

- “development and diffusion of new technologies” ... as well as … “the creation, 

storage and transfer of knowledge, skills and artefacts which define new 

technologies” (Metcalfe 1995: 462-463); 

- “the … capabilities of companies … to introduce and diffuse new products and 

production processes” (Senker et al. 1999: 1) 

- “the generation, diffusion and utilization of technology” (Carlsson & 

Stankiewicz 1991: 93) 

- “the creation, production and sale of … products” (Malerba 2002: 248). 

 

 

                                                 
10 Cited in http://www.quoteworld.org/author.php?thetext=Albert%20Einstein [20 August 2003] 
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Table  2.1: Definitions for systems of innovation 

 

Systems of innovation 
“… all important economic, social, political, organizational, and other factors that influence the 
development, diffusion, and use of innovations.” (Edquist 1997a: 14) 

National innovation systems 
”... the network of institutions in the public and private sectors whose activities and interactions 
initiate, import, modify and diffuse new technologies.” (Freeman 1987: 1) 
”… a system of innovation is constituted by elements and relationships which interact in the 
production, diffusion and use of new, and economically useful, knowledge and that a national 
system encompasses elements and relationships, either located within or rooted inside the 
borders of a nation state.” (Lundvall 1992a: 2) 
”... the set of institutions whose interactions determine the innovative performance, ... ,of 
national firms.” (Nelson & Rosenberg 1993: 4) 
”… is constituted by the institutions and economic structures affecting the rate and direction of 
technological change in the society.” (Edquist & Lundvall 1993: 267) 
“... the national institutions, their incentive structures and their competencies, that determine the 
rate and direction of technological learning (or the volume and composition of change 
generating activities) in a country.” (Patel & Pavitt 1994: 79) 
”... is that set of distinct institutions which jointly and individually contribute to the development 
and diffusion of new technologies and which provides the framework within which governments 
form and implement policies to influence the innovation process. As such it is a system of 
interconnected institutions to create, store and transfer the knowledge, skills and artefacts which 
define new technologies.” (Metcalfe 1995: 462-463) 
“… the country-specific factors [all the institutional and cultural factors] influencing the innovative 
capabilities of companies. … Innovation refers to the processes used by firms to introduce and 
diffuse new products and production processes” (Senker et al. 1999: 1&2) 

Technological innovation system 
“… a dynamic network of agents interacting in a specific economic/industrial area under a 
particular institutional infrastructure and involved in the generation, diffusion and utilization of 
technology.” (Carlsson & Stankiewicz 1991: 93) 

Sectoral innovation system 
“… is a set of new and established products for specific uses and the set of agents carrying out 
market and non-market interactions for the creation, production and sale of those products.” 
(Malerba 2002: 248) 

 
Adapted and developed from (OECD 1997) as cited by Senker and colleagues (1999: 59).  All quotations 

were checked and where necessary corrected from original references. 
 

 

 

 

So, for innovation systems there are a number of potential empirical outcome measures 

to choose from including innovations, technologies, products, processes, knowledge, 

learning, firm performance or firm capability.   
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The determinants to be included for empirical measurement also depend on the 

definitions of innovation systems in Table 2.1.  Using these definitions, the putative 

determinants of interest include: 

- “all important economic, social, political, organizational, and other factors” 

(Edquist 1997a: 14); 

- ”the network of institutions in the public and private sectors” (Freeman 1987: 1); 

- ”elements and relationships which interact” (Lundvall 1992a: 2); 

- ”the set of institutions” (Nelson & Rosenberg 1993: 4); 

- ”the institutions and economic structures” (Edquist & Lundvall 1993: 267); 

- “the national institutions, their incentive structures and their competencies” 

(Patel & Pavitt 1994: 79); 

- “is that set of distinct institutions” or “a system of interconnected institutions” 

(Metcalfe 1995: 462-463); 

- “the country-specific factors [all the institutional and cultural factors]” (Senker 

et al. 1999: 1) 

- “a dynamic network of agents interacting in a specific economic/industrial area 

under a particular institutional infrastructure” (Carlsson & Stankiewicz 1991: 

93); and 

- “the set of agents carrying out market and non-market interactions” (Malerba 

2002: 248). 

 

The determinants of interest in any empirical assessment of innovation systems range 

from organisations, institutions, economic structures, through to a network of agents.   

 

How many empirical studies conducted under the umbrella of various systems of 

innovation, have examined the determinants and outcomes of interest as espoused by 

the definition of their systems?  There has not been a formal attempt to answer this 

question in this thesis.  The impression gleaned from the literature is that few empirical 

studies have rigorously assessed the determinants and outcomes as outlined by the 

definitions of innovation systems.  A rigorous assessment would entail robust 

measurement of the determinants and outcomes and then, through various means, 

testing whether there is a strong association between the two. 
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Only Nelson and Rosenberg (1993: 4) and Senker and colleagues (1999) identify 

companies as the key common pathway of innovation.  This appears to be an 

assumption underpinning the other definitions for innovation systems.  

 

The various approaches in systems of innovation are conceptually diverse not only in 

their definitions but also in their understanding of the term ‘innovation’.  All approaches 

focus on technological innovations with varying degrees of interest in organisational 

and institutional innovations or change (Edquist 1997a: 9-10).   

 

In terms of identifying the determinants of innovation, the determinants would be very 

different for technological, organisational and institutional innovations.  The question 

from an empirical viewpoint is: what is the outcome of interest?  Technological and 

organisational innovations are both defined by a measurable improvement in the output 

of firms.   

 

What about institutional innovations?  The present convention is to classify institutional 

innovations confined to the firm as organisational innovations.  Should institutional 

changes be classed as innovations?  Lundvall (1992a: 9&14) talks about “institutional 

innovations”, mainly referring to Freeman’s (1992) work.  Freeman describes, for 

example, the enormous economic influence the growth of in-house R&D and 

universities of technology had on German and US economies around the turn of 1900.  

The outcome of interest for these institutional innovations is economic growth.  

Freeman (1992: 169) writes that “the concept ‘National Systems of Innovation’ … 

encompasses all institutions which affect the introduction and diffusion of new 

products, processes and systems11 in a national economy” (Freeman 1992: 169).  In 

other words, he is talking about institutions being a determinant of technological 

innovation. 

 

This raises the issue of when is a significant change not an innovation?  Any significant 

change, if it has a significant and beneficial impact on products and processes, could be 

argued to be an innovation.  The discussion becomes circular when discussing 

institutional determinants of innovation and institutional innovation.  Where should one 

                                                 
11 These are probably “production systems” a term which Freeman (1992: 169) uses in the very next 

sentence. 
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draw the line in calling something an innovation?  I am unsure as to the answer to this 

question, however, it does raise the idea of leaving institutions and even organisations 

as determinants of innovation.  This means that institutional and organisational changes 

do not become innovations.  This also helps to keep innovations as an outcome variable 

and distinguishes outcomes from determinants such as the institutional and 

organisational milieu.   

 

Once the determinant and outcome have been defined, then the denominator needs to 

be delineated.  Should that be a macro-, meso- or micro-level variable?  Choosing the 

denominator depends on the context in which the outcome is being investigated.  If the 

purpose is to examine economic change, then a macroeconomic denominator will be 

required, as economic change is usually measured at that level.  As outlined in Section 

2.2, economic growth on a macroeconomic level is measured by increase in the gross 

domestic product (GDP).  It is also assessed by changes in productivity, exports and the 

balance of trade.  This leads into the next section looking at the purpose for studying 

systems of innovation. 

 

2.5.3 The purpose or function of a system of innovation  

 

What is the purpose of studying systems of innovation?  A fundamental assumption 

underlying the systems of innovation approach is that innovation is a good thing and 

that it is the central force in causing economic change (Edquist 1997a: 1).  Innovations 

have “comprehensive and crucial macroeconomic consequences” (Edquist 1997b: xiv).  

However as Carlsson (1994: 13) writes 

 

Even though it is commonly accepted that technological change is one of the 

primary forces generating economic growth, the causal linkages between 

innovation and economic growth are still not well understood.  

 

A major reason for this is that “the analysis is strictly limited to systems of innovation 

in their own respect in the sense that, with the exception of some references to trade 

performance, there are no bridges between such systems and macroeconomic 

performance variables as employment, economic growth, income distribution, and 
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inflation” (Johnson 1997: 38).  Thus, if innovation is thought to lead to economic 

growth, then the impact of innovation on these macro-economic variables such as GDP 

would need to be a crucial focus.  To quote Rosenberg (1994: 68) in the context of his 

deliberations on long waves of economic growth “the impact of technological 

innovation on aggregate output is mediated through a succession of relationships that 

have yet to be explored systematically …”. 

 

However, Edquist (2001: 2) argues that the purpose of the systems of innovation 

approach “is about the determinants of innovations, not about their consequences (in 

terms of growth, quantity of employment, working conditions, etc)” (Edquist 2001: 2).  

However, the definition of an innovation means that is has been implemented i.e. “it has 

been introduced on the market (product innovation) or used within a production process 

(process innovation)” (OECD 1996b: 31).  Thus, in its very definition, an innovation is 

an economic outcome.  For example, when examining the factors that influence the “use 

of innovations” (Edquist 1997a: 14), how does one measure “use”?  One way is to ask 

about the volume or monetary value of sales of a technological innovation.  Thus, by 

examining the determinants of innovations, the economic outcomes of the systems of 

innovation approach are being scrutinised simultaneously.12  Since the research methods 

required to examine the determinants of the systems of innovation approach, are also 

the methods required to examine the outcomes, one might as well measure and 

investigate both together.  A good example, is the work by Rickne (2002), who as part 

of her examination of biomaterials technology systems or clusters in the US and 

Sweden, looked at outcomes of innovation like the number of products produced, 

employment growth, and company survival. 

 

In addition, in order to create a hierarchy of determinants of innovation (to identify their 

level of “importance” (Edquist 1997a: 14)) – one cannot solely look at whether an 

innovation was created or not, but one also needs to look at the degree of its impact on 

the “use” of an innovation.  If a determinant led to low levels of usage (e.g. sales) of an 

innovation, then that would be regarded as less “important” than if the determinant led 

                                                 
12 This is what is done in the survey of medical inventors (Chapter 5) where the determinants of 

innovation and their economic consequences (e.g. sales and country of manufacture) are examined 

simultaneously.   
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to a product which became a market leader or even initiated a techno-economic 

paradigm shift. 

 

The basic supposition of innovation research is that innovation will lead to economic 

growth.  If the economic impacts are not studied, however, how can this assertion or 

assumption be tested?  Edquist (2001: 2) proposes to use New Growth Theory (NGT) 

for this purpose.  However, as outlined in Section 2.2, it suffers from a number of 

weaknesses associated with its neoclassical origins.  

 

Measuring “innovation” is an intermediate outcome measure on the causal pathway to 

economic change.  When examining causal pathways, the final outcome measure is 

always the most important.  Are innovations a determinant of economic growth?  As 

innovations are thought to be the main cause of economic growth and the research focus 

of innovation systems is on innovation, it may provide an analytical framework for 

understanding economic change over time.   

 

A medical analogy might clarify what I mean by this.  Studying the determinants of 

innovation is like studying the determinants of high blood pressure without exploring 

the final outcome of interest, namely death from cardiovascular disease.  Most people 

who die from cardiovascular disease do not have high blood pressure.  Thus, if society 

were to invest heavily in the treatment of blood pressure, it would miss most of the 

preventable causes of cardiovascular disease.  Similarly if society was to preferentially 

invest in encouraging technological innovation, it might miss other major potential 

causes for economic growth such as encouraging organisational change, implementing a 

democratic constitution, or pursuing membership of a trade bloc.  Investing in just 

improving technological innovation may not be the best decision for society to make if 

it wishes to pursue economic growth.  Even when supporting technological innovation 

nations will usually prioritise and target specific sectors such as biotechnology and will 

want to know the economic performance of that sector (e.g. Ernst and Young Australia 

2001).  To be able to specifically measure and tie public investment with its economic 

impact will ensure ongoing political support for continued public investment.   

 

The OECD (1996b: 89) agrees in that it believes “the major purpose of innovation 

surveys is to look at the economic impact of innovation activity”.  Probably one of the 
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best methods for doing this is by integrating measures of innovation into the 

macroeconomic framework of statistics, namely, the system of national accounts. 

 

In summary, the economic consequences of innovation should be studied along with 

their determinants for scientific reasons and on utilitarian grounds to ensure its ongoing 

relevance to society as a whole.  In this thesis the determinants of innovation for 

medical patents are examined along with their economic impact in terms of duration of 

manufacture and value of sales (Section 5.4.5).  There is also a brief discussion linking 

these innovation specific outcomes to macroeconomic data, especially medical exports 

for Australia (Section 7.3.5). 

 

2.5.4 Theoretical characteristics of systems of innovation and their determinants 

 

Without science and technology, “the life of man [would be] solitary, poor, nasty, 

brutish and short”  

Chris Freeman, Pari Patel & Ben Martin quoting Keith Pavitt (2003) 

 

This section examines some additional theoretical aspects of innovation systems in 

relations to investigating the determinants of innovation.   

 

What are the theoretical characteristics of systems of innovation?  Edquist (1997a) has 

outlined nine characteristics of the different approaches in systems of innovation which 

are summarised in Table 2.2.   

 

In the examination of the various definitions for systems of innovation above, a number 

of characteristics have already been described including that systems of innovation are 

conceptually diffuse, and hence, are regarded as a conceptual framework rather than a 

formal theory.  As is apparent from the aforementioned discussion, conceptual 

diffuseness creates difficulties from an empirical perspective when choosing 

determinants and their associated outcomes.  Theory also defines the boundary of the 

system, and as a consequence of conceptual diffuseness, the boundary “cannot be 

sharply determined, and indeed it might be an impossible task” to find a “demarcation 

between a system and its surrounding context” (Edquist 1997a: 8&27)   
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Table  2.2: Nine characteristics of systems of innovation approaches 

 

1.  Innovations, learning (and hence knowledge) are at the centre of innovation systems 
2.  Systems of innovation are holistic and encompass most or all determinants of innovation 

and interdisciplinary as they not only examine economic but also institutional, 
organisational, social and political factors influencing innovation 

3.  A historical perspective is essential to examine the evolution of innovation systems and 
technological trajectories 

4.  There are differences between systems (national, regional & sectoral) and there is no 
optimal system 

5.  Emphasis on interdependence between elements of innovation systems and non-linearity of 
innovation processes 

6.  Encompass technological (product and process) innovations and organisational innovations 
7.  Institutions are central, rarely examined empirically in a holistic way, and include economic, 

social, and political institutions influencing innovation 
8.  Conceptually diffuse including differing concepts of systems, innovation and institutions and 

an indistinct boundary between system and its surrounding context 
9.  Conceptual framework rather formal theories 
 
Adapted from:  (Edquist 1997a) 
 

Certainly institutions are a central feature which will be further discussed below in 

Section 2.5.5. 

 

 

Innovations, learning and knowledge are at the centre of innovation systems.  As 

Lundvall (1992a: 1) writes “the most fundamental resource in the modern economy is 

knowledge and, accordingly, … the most important process is learning”.  Innovations 

represent economically useful knowledge which is either new knowledge or “existing 

knowledge, combined in new ways” (Lundvall 1992a: 2&8).  Or, as Edquist (1997a: 16) 

puts it “technological innovation is a matter of producing new knowledge or combining 

existing knowledge in new ways – and of transforming this into economically 

significant products and processes”.  This denotes an essential requirement in 

innovation systems “to analyze the knowledge and learning aspects of systems of 

innovation, including the formal R&D system, the education and training system, as 

well as processes of learning embedded in routine economic activities” (Edquist 1997a: 

16).  This forms the basis of discussions on ‘the knowledge based economy’ (e.g. 

OECD 1999c) first coined by the OECD in 1996 and on ‘the learning economy’ 

(Edquist 1997a: 16).   
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To paraphrase Senker and colleagues (1999), systems of innovation are about system-

specific factors influencing the capabilities of companies to produce innovations.  

Innovation refers to methods “used by firms to introduce and diffuse new [or improved] 

products and production processes” (Senker et al. 1999: 1).  These methods “depend on 

learning from a variety of activities undertaken inside firms, on the coordination of this 

internal knowledge and on its integration with knowledge acquired from external 

sources” (Senker et al. 1999: 1-2).   

 

Arrow (1962: 155) describes the link between knowledge and economic growth as 

measured by the production function (as discussed in Section 2.2) 

 

It is by now incontrovertible that increases in per capita income cannot be 

explained by increases in the capital-labor ratio.  Though doubtless no 

economist would ever have denied the role of technological change in economic 

growth … the neo-classical view of the production function [is] as an expression 

of technological knowledge.  All that has to be added is the obvious fact that 

knowledge is growing in time. … the concept of knowledge which underlies the 

production function at any moment needs analysis.  Knowledge has to be 

acquired. … The acquisition of knowledge is what is usually termed 

‘learning’.(Arrow 1962: 155) 

 

This learning is through formal education, undertaking R&D, and everyday economic 

activities such as “production, distribution and consumption” (Lundvall 1992a: 9) and 

include: 

- learning-by-doing – increasing the efficiency of production operations over time 

by learning from experience – “that it is the very activity of production which 

gives rise to problems for which favourable responses are selected over time” 

(Arrow 1962: 156); 

- learning-by-using – “improving the design and operation of new equipment that 

becomes apparent only by observing difficulties or opportunities that emerge 

during the actual operation of new equipment” (Rosenberg 1994: 196) 

- learning-by-interacting – “involving users and producers in an interaction 

resulting in product innovations” (Lundvall 1992a: 9).  
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There is an enormous overlap between learning-by-doing and learning-by-using, 

therefore most investigators just use learning-by-doing. 

 

The systems of innovation approach while focusing on learning that leads directly to 

innovation, partly neglects other kinds of leaning processes.  This includes the learning 

by organisations (e.g. developing routines and databases) and individuals (e.g. through 

education).   

 

What about knowledge?  As Stevens (1996: 6) writes 

 

Knowledge, as embodied in human beings (as ‘human capital’) and in 

technology, has been central to economic development. 

 

Knowledge is most commonly divided into tacit and codified knowledge.  Codified 

knowledge is also known as articulated or formal or explicit knowledge “which is 

transmittable in formal, systematic language” (Senker 1995).  Its transmission can be 

verbal or written, for example, in electronic or printed formats including books, patents 

and scientific articles.  Stevens (1996: 7) depicts codified knowledge as being reducible 

to information (the ‘know-what’) and tacit knowledge as including capabilities such as 

intuition, insight, creativity and judgement (the ‘know-how’).  Stevens (1996: 7) 

continues 

 

And it is these tacit skills which are essential to selecting, manipulating the 

knowledge which can be codified.  The ability to select relevant (and disregard 

irrelevant) information, to recognise patterns in information and to interpret and 

decode information is not easily bought or sold.  While codified knowledge is 

the material to be transformed (the ‘know-what’), tacit knowledge is the tool for 

handling it (the ‘know-how’). 

 

Senker (1995: 426) points out that tacit knowledge is “heuristic, subjective and 

internalised knowledge” which is “not easy to communicate and is learned through 

practical examples, experience and practice”.  Common examples include “the ability to 

recognize faces, ride a bicycle or swim without even the slightest idea how these things 
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are done” (p.426).  However, Senker (1995: 426) quoting Polanyi (1969) warns that the 

distinction between tacit and codified knowledge is not clear “While tacit knowledge 

can be possessed by itself, [codified] knowledge must rely on being tacitly understood 

and applied”.  

 

Stevens (1996: 7) states that the “most important tacit skill may be the ability to learn 

continuously and to acquire new skills” which is more than “obtaining a formal 

education” but also “learning-by-doing” and “on the job training” with individuals 

upgrading “their skills in both codified and tacit knowledge continuously”. 

 

One of the most difficult challenges is to measure such knowledge and its flow through 

systems of innovation into technological innovations.  One of the determinants of 

innovation emerging from the empirical work in this thesis is the high level of tacit and 

codified knowledge embodied in medical inventors.  

 

The systems of innovation are holistic and interdisciplinary in that they encompass 

most or all determinants of innovation, not only economic factors influencing 

innovation but also institutional, organizational, social and political factors (Edquist 

1997a: 17).  Institutions are central to innovation systems, and include economic, 

social, and political institutions influencing innovation.  The role of institutions is 

examined in the next section. 

 

A historical perspective is not only a natural but also an essential feature of innovation 

systems.  The economic history of a country strongly influences the anatomy of its 

present national system of innovation (Edquist & Lundvall 1993; Nelson 1993; 

Carlsson 1997).  The creation of a system of innovation especially at regional and 

national levels is not just a recent phenomenon dating back a few decades but originates 

from geographic differences in the rate of human development since the end of the last 

Ice Age over 13,000 years ago (Diamond 1997).  Diamond (1997) outlines how 

geographic differences in the availability of wild plants and animals for domestication 

lead to different historical courses for peoples.  These farming societies were able to 

generate food surpluses to “support full-time craft specialists … who developed 

technologies”, politicians and their bureaucracies essential for governing large 

populations (Diamond 1997: 30).  This led to writing and the growth of complex 
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societies and political systems, including western democracies.  To go that far back in 

history to explain differences in geographic systems of innovation is extreme, especially 

when comparing innovation clusters in Silicon Valley to those around Boston 

Massachusetts in the US (Saxenian 1994).  However, it is certainly necessary when 

beginning to examine differences in innovation between developed and developing 

countries.  The depth of historical examination would depend on what comparisons 

between systems of innovation are being made.  Most historical analyses have 

concentrated on periods within the last 150 years and on modern day developed 

countries. 

 

In terms of assessing the historical determinants of innovation a very different approach 

is needed (Carr 1964; Freeman 1992; Nelson 1993; Rosenberg 1994) as compared to 

prospectively investigating the implementation of a new policy and assessing its impact 

on innovation.  The examination of historical determinants of innovation would 

certainly limit the study design to chiefly descriptive studies (see discussion on study 

design and the deductive examination of the determinants of innovation in Section 

2.5.9).  Without time travel, one cannot undertake randomised controlled trials to 

examine historical determinants of innovation. 

 

The study of history is important because technology is very path dependent growing 

from accumulated knowledge embodied in existing technology, individuals, 

organisations and institutions – so-called technological trajectories (Comroe & Dripps 

1976; Freeman 1994a).  It may take a long time from idea to invention to technological 

innovation to its widespread use in the economy (Comroe & Dripps 1976; Rosenberg 

1994).  Other than comments about Australian history, the study of historical 

determinants of innovation is not a prominent feature of this thesis.  Hence, critique of 

this is outside the ambit of this thesis. 

 

The structure of innovation systems, especially national ones, and their growth 

trajectories appear to be stable over a long time (Edquist 1997a).  As North (1994: 365), 

who was focusing on institutions and economic growth, wrote 
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If we focus now on the last 250 years, we see that growth was largely restricted 

to Western Europe and the overseas extensions of Britain for 200 of those 250 

years. 

 

Systems of innovation vary between countries, regions and sectors.  They vary in their 

organisation and institutional makeup, in their performance, and in their industrial 

make-up amongst many other differences in economic, political and social factors.  

Moreover, there is no optimal system of innovation as they are subject to continuous 

change, never achieve an equilibrium as the technological trajectories are path-

dependent yet open-ended and partly random, and no-one knows whether the best 

trajectory is being exploited “since we do not know which one it is” (Edquist 1997a: 

20).  The evolutionary aspect of path dependence yet non-optimality and uncertainty of 

technological trajectories comes from the evolutionary theories of innovation (as 

outlined in Section 2.2).  In the absence of optimality, the quality of innovation systems 

can only be evaluated through comparative research.  As Edquist (1997a: 20) writes  

 

Large benefits could be reaped if comparisons between systems were made 

explicit and systematic.  Comparisons are also crucial for policy purposes; for 

the identification of problems that should be subject to intervention.  Such 

comparisons between systems must be genuinely empirical … 

 

Even opinion as to how to classify or determine the boundaries of innovation systems 

varies.  Nelson and Rosenberg (1993), despite outlining national innovation systems in 

their book, concurrently advocate for national, transnational and sectoral approaches.  

Similarly Carlsson and Stankiewicz (1991) while espousing technological systems 

discuss not only sectoral boundaries but also transnational, national and regional 

systems. 

 

As Edquist (1997a: 12) states “Whether a system of innovation should be spatially or 

sectorally delimited depends on the object of the study”.  The approach taken in this 

thesis is to combine a national and sectoral approach by examining the determinants of 

innovation for Australian medical patents.  The advantage of taking a national approach 

is that (Edquist 1997a: 12) 
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- there are clear national differences in “such attributes as institutional set-up, 

investment in R&D and performance”; and 

- the state is an important determinant of innovation as “most public policies 

influencing the innovation system or the economy as a whole are still designed 

and implemented at the national level”. 

 

Edquist (2001: 3) also identifies a missing ‘theoretical component’ about the function of 

the state in systems of innovation which “is an important neglect, since the state and its 

agencies are obviously important determinants of innovation in any SI [system of 

innovation]”.   

 

However, a country’s national innovation system is so broad, in order to examine it in 

detail it needs to be divided into manageable components.  Nelson and Rosenberg state 

that: 

 

… the concept of “national” system.  On the one hand, the concept may be too 

broad.  The system of institutions supporting technical innovation in one field, 

say pharmaceuticals, may have very little overlap with the system of institutions 

supporting innovations in another field, say aircraft. (Nelson & Rosenberg 1993: 

5) 

 

This appears to be advocating for a technological innovation approach within a national 

framework.  `The rational for looking at a technology sector within a nation is 

summarised by Nelson and Winter (Nelson & Winter 1982: 196)  

 

National economies have grown at various rates over time, and in given eras 

nations have grown at different rates.  Once one disaggregates the growth 

experience of different countries, it is apparent that certain sectors have 

developed much more rapidly than others and that the sectoral pattern of growth 

has varied over time. (Nelson & Winter 1982: 196) 

 

Each nation is made up of a different array and prominence of technological systems, 

for example “Japan is strong in electronics and relatively weak in pharmaceuticals 

whilst Britain is the reverse” (Marceau & Dodgson 2000: 7), the US is strong in medical 
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devices, pharmaceuticals and information and communication technologies (ICTs) and 

weak in consumer electronics and Australia is strong in mining and agriculture and 

weak in high technology.   

 

Combining a national with a sectoral approach creates greater detail about how national 

factors influence a specific technology sector such as medicine.  As Edquist (1997a: 18) 

states:  

 

To study only one subsystem can also contribute to the creation of a more 

coherent and sharp ‘scientific language’ appropriate for dealing with elements 

like technological development, diffusion of technology, the emergence and 

diffusion of organizational forms, education and training, as well as institutional 

changes related to these spheres.  The combination of a holistic approach with 

clearly developed analytical distinctions between elements in the system as a 

whole is useful in interdisciplinary research on technological and organizational 

change. 

 

This statement encapsulates the purpose of this thesis in studying the determinants of 

technological innovation for Australian medical patents.  It could be argued that the 

thesis examines features of the medical technological innovation system in the context 

of the Australian nation.   

 

 

Systems of innovation emphasise the interdependence and interaction between its 

elements and the non-linearity of these interactions.  Firms almost never innovate in 

isolation rather it occurs as a consequence of a firm’s interaction with other firms (e.g. 

customers, competitors, suppliers, service providers), other organisations (e.g. 

universities, government agencies) and their institutional environment (existing laws, 

rules, regulations and cultural habits) (Edquist 1997a: 20).  These interactions or 

relations are  

 

… complex and often characterized by reciprocity, interactivity, and feedback 

mechanisms in several loops.  They are clearly not characterised by unilateral 

and linear causal relationships …  we simply do not know enough about these 
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relations.  It is important to capture these interdependencies in empirical work – 

which includes the development of concepts and indicators that relate elements 

to each other.  Quantification is important … We also ought to find out more 

about the division of labor between elements of innovation systems; who is 

responsible for what kind of knowledge and why?  ” (Edquist 1997a: 21) 

 

In the systems of innovation approach there has been an overemphasis on the supply 

side, for example, on R&D, and less of a focus on the demand by other firms, 

governments, users (e.g. academic physicians) and final consumers (Edquist 1997a: 21-

22; Senker et al. 1999: 2).  Certainly the role of the media in influencing such demand 

is almost completely ignored (Senker et al. 1999: 2).  The various models of innovation, 

including science push, demand pull and coupling models (which combine the former 

two) will be briefly discussed in Section 2.7 and detailed in Appendix 10.3. 

 

In summary, given the nine characteristics of innovation systems means that for 

empirically analysing the determinants of innovation, the challenge is to include: 

- innovation, learning and knowledge; 

- a historical perspective (which is not done in this thesis); 

- a comparative analysis to identify determinants as there is no optimal system; 

- a holistic approach, especially the inclusion of institutions; and 

- an analysis of the relationship between elements of innovation systems and their 

causal association with innovation.   
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2.5.5 Institutions as a determinant of innovation 

 

I wish to assert a much more fundamental role for institutions in society: they are the 

underlying determinant of the long-run performance of economies. 

Douglass C North (1990: 107) 

 

One major impetus for the conception of national innovation systems was to examine 

the role of institutions and their diversity in the creation of innovations (Freeman 1994a: 

484).  Despite the concept of institutions playing a dominant role in the various 

definitions of innovation systems, as Edquist and Johnson (1997) point out, there is no 

general agreement as to its meaning.  Broadly, there are two usages of the term amongst 

innovation researchers, primarily those interested in national innovation systems.  One 

group of researchers use it to primarily refer to organisations.  Nelson and Rosenberg 

(1993: 5) define institutions as firms, “universities, and government agencies and 

policies”.  This is almost identical to Patel and Pavitt (1994: 79-80) who included firms, 

universities, public and private institutions, and governments, and their “related 

activities”.   

 

The second group of scientists use the definition of institutions along the lines of 

Edquist and Johnson (1997: 46) who characterise it as “sets of common habits, routines, 

established practices, rules or laws that regulate the relations and interactions between 

individuals and groups”.  Simply put, institutions are norms, values and laws – “the 

rules of the game” (Edquist 2001: 5).  Examples of important institutions in systems of 

innovation are patent laws, technical standards and “norms influencing relations 

between universities and firms” (Edquist 2001: 5).  Institutions are thought to shape 

“people’s cognitions, views, visions, and actions” (Edquist & Johnson 1997: 46).   

 

Examining the dictionary definition of institution provides a clue as to the variety of 

ways the word is handled in the literature:  

 

1. an organisation or establishment of the promotion of a particular object, 

usually one for some public, educational, charitable or similar purpose.  2. a 

building used for such work, as a college, school, hospital, mental hospital, or 
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the like.  3. a concern engaged in some activity, as an insurance company.  4. 

Sociology an organised pattern of group behaviour, well-established and 

accepted as a fundamental part of a culture, such as slavery.  5. any established 

law, custom etc.  6. any familiar practice or object.  6. any familiar practice or 

object … (Delbridge et al. 1997: 1105).   

 

The common English usage of an “institution” is as an “organisation” or “building” or 

“concern”.  This probably explains the handling of the word by researchers like Nelson 

and Rosenberg (1993) and Patel and Pavitt (1994).  Edquist and Johnson (1997) used 

the more sociological oriented definition of institution, which is the approach adopted 

by this thesis.  Despite institutions playing a dominant role in various definitions of 

systems of innovation, mainly national ones, very little has been written about “the role 

that institutions play in processes of learning and innovation” (Edquist & Johnson 1997: 

51).  It is a particularly difficult area to research, because as an individual much of the 

influence of institutions “lies beyond our ordinary awareness” (Henslin 1997: 98). 

 

The three basic functions of institutions in relation to innovations are to (Edquist & 

Johnson 1997: 51): 

- reduce uncertainty by providing information; 

- manage conflicts and cooperation; and 

- provide incentives. 

 

North (1990: 3) indicates that institutions shape the behaviour of individuals.  As he 

states institutions “are a guide to human interaction, so that when we wish to greet 

friends on the street, drive an automobile, buy oranges, borrow money, form a business, 

bury our dead, or whatever, we know (or can learn easily) how to perform these tasks” 

(North 1990: 3-4).  The institutional “structure that guides the way in which we operate 

is made up of formal rules, informal norms and their enforcement characteristics” 

(North 1999: 19).  The formal constraints comprise of “rules, laws, constitutions” 

(North 1994: 360).  These constraints can be determined at the level of an organisation 

or region or state.  Informal constraints include “norms of behavior, conventions, self-

imposed codes of conduct” (North 1994: 360).  As North (1999: 19) stated a few years 

later  
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All we can change quickly are the formal rules.  We cannot change the informal 

constraints, at least not in the short run; and even our ability to control 

enforcement is very limited. 

 

Systems of innovation by incorporating institutions are combining the two broad 

perspectives on the explanations or determinants of human behaviour, namely, self-

interest (economics) and the influence of society (sociology).  As Coleman (1988: s95) 

writes 

 

There are two broad intellectual streams in the description and explanation of 

social action.  One characteristic of the work of most sociologists, sees the actor 

as socialized and action as governed by social norms, rules and obligations.  The 

principal virtues of this intellectual stream lie in its ability to describe action in 

social context and to explain the way action is shaped, constrained, and 

redirected by the social context. 

 

The other intellectual stream, characteristic of the work of most economists, sees 

the actor as having goals independently arrived at, as acting independently, and 

as wholly self-interested.  Its principal virtue lies in having a principle of action, 

that of maximizing utility.  This principle of action, together with a single 

empirical generalization (declining marginal utility)13 has generated the 

extensive growth of neoclassical economic theory …  

 

Though not thoroughly reviewed here, the research usually under the umbrella of 

institutional economics – generally has a fragmented empirical approach to institutions.  

Often it is just one facet of the institutional environment that is examined at any one 

time, as Ingram and Silverman (2002) demonstrate in their article.  They describe 

studies looking at the effect of changing patent laws, of increased legal constraints on 

stimulating specific industries, of predatory states dampening productive activities of 

organisations, of the diamond bourse maintaining trust between buyers and sellers in the 

diamond industry, of cultural values on the behaviour of actors etc.  The reason for this 

is that it is very difficult to empirically measure the institutional environment in its 

                                                 
13 Declining consumer utility or satisfaction as the consumer acquires additional units of a specific 

product (Jackson & McConnell 1986: 401). 
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entirety.  To this end, Edquist and Johnson (1997: 49-50) outline four simple binary 

classifications for institutions.  These include classifications that divide institutions into: 

- political and economic institutions; 

- informal (e.g. norms, conventions, customs which can only be observed) versus 

formal (e.g. laws and regulations which are codified); 

- basic (constitutional rules e.g. property rights, cooperation) and supporting (e.g. 

rules for regulating overtime worked); and 

- hard (binding and policed) and soft (rules of thumb, suggestions). 

 

There are other simple taxonomies or classifications of institutions dividing institutions 

into 4 or 5 categories (Ingram & Silverman 2002; Voigt & Engerer 2002).  These, 

though holistic in nature, do not capture the full complexity of the institutional 

environment influencing the behaviour of individuals. 

 

For societies to evolve and function as successful and complex economies with 

increasing “specialization and division of labor” they must develop more complex 

institutions “that will permit anonymous, impersonal exchange across time and space” 

(North 1994: 363).  Rather than a causal relationship from “division of labor” to 

complex institutions, this has been a co-evolution of a symbiotic relationship between 

labour and institutions.  To enable increasingly sophisticated institutions to function, 

requires a high level of specialisation within the workforce and in the wider community.   

 

Freeman (1992: 170) states that two of the most important institutional changes in the 

late 19th and early 20th centuries were the establishment of “the ‘in-house’ industrial 

R&D laboratory and the ‘Technische Hochschule’ or ‘Institute of Technology’ for the 

professional education of engineers”.  These changes enabled Germany and the US to 

“displace the erstwhile technological leader – Great Britain – in the period leading up to 

the First World War” (Freeman 1992: 170-171). 

 

North states that any theory for economic change should include measures for human 

capital, knowledge (including innovations) and institutions (North 1999: 9).   

 

A challenge in research into the systems of innovation is to describe and measure the 

impact of institutions on the process of developing innovations.  The biggest challenge 
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is to develop a holistic rather than fragmentary method for empirically assessing the 

impact of institutions.  Thus, a central issue and a major challenge for innovation 

systems is to develop a taxonomy of institutions (Johnson 1997: 37).   

 

2.5.6 Boundaries of systems of innovation and causality 

 

There is a debate about the importance of having clearly defined boundaries within 

systems of innovation.  The question for this thesis is, “how do boundaries affect 

determinants of innovation”? 

 

A system is defined as being made up of components and the relations between these 

components, which together form a whole with a definable boundary separating the 

system from its environment (Edquist 2001: 4).  As Senker and colleagues (1999: 2) 

point out: 

 

Systems theory distinguishes clearly between the system and the external 

environment to which the system reacts.  The NSI [national systems of 

innovation] conceptual framework has no differentiation between the system and 

the environment and no way to determine which factors are within the system 

and which outside it.  Indeed it appears that everything is within the NSI. 

 

While Lundvall (1992a: 13) states that “a definition of the system of innovation must, to 

a certain degree, be kept open and flexible regarding which subsystems should be 

included and which processes should be studied … Different theoretical perspectives 

bring forward different aspects of the system”.   

 

Theory defines the boundary of the system.  It “cannot be sharply determined, and 

indeed it might be an impossible task” (Edquist 1997a: 8).  As discussed in Section 

2.5.2, theory also outlines the variables thought to be putative determinants and 

outcomes that are to be measured and tested.  In deciding whether there is a causal link 

between the two sets of variables, one may examine their strength of association.  In 

order to do that the systems identify the numerator (the aforementioned variables) and 

the denominator.  Thus, in national innovation system, a nation’s border encircles the 
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denominator.  As Edquist (1997a: 14-15) states “the explanatory factors would define 

the limits of the system”.   

 

In terms of examining causality within systems of innovation, defining boundaries may 

not be as important as ensuring rigorous measurement of numerators and their 

denominators.  

 

In this context the biggest challenge for innovation research is to identify which 

elements of society exert the greatest influence on innovation or are the most 

“important” for empirical analysis.  Different factors will be determined as being 

“important” in each system of innovation, in each region, in each study.  The various 

“approaches serve as ‘focusing devices’” (Edquist 1997a: 15).  The central empirical 

issue is to have an all-inclusive taxonomy that encompasses “all important economic, 

social, political, organizational, and other factors” that may “influence the development, 

diffusion, and use of innovations” (Edquist 1997a: 14).  This would be a good starting 

point and then a process is needed to narrow down what is considered as important in 

each study of an innovation system.  Ideally, such a process is explicit.  As Edquist 

(2001: 4) states “a boundary between the system and its environment can in most cases 

be specified in many ways, largely depending on what is the purpose with the systems 

analysis”.  However, systems of innovation, unlike the definition of systems do not 

“form a whole”, but rather they will always constitute part of a whole (Edquist 2001: 4).   
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2.5.7 Technological innovation system and determinants of innovation 

 

This thesis examines the determinants of innovation for Australian medical patents.  It 

is investigating part of a technological innovation system in a nation – the medical 

technological innovation system in Australia.  This has also been called the health care 

competence bloc by Elliason (2002b) and the question is whether this approach should 

be adopted in this thesis. 

 

Technological systems approach are “defined by technology rather than national 

boundaries” (Carlsson 1994: 14) and can extend internationally.  However, they 

generally have been examined and found to be important in national contexts 

particularly in Sweden where Carlsson (1997) studied four “technological systems”, 

namely, factory automation, electronics and computers, pharmaceutical and powder 

technology.   

 

In a recent methodological paper Carlsson and colleagues (2002b: 237) refined their 

focus on technology.  The system can be used to analyse “a technology in the sense of a 

knowledge field”, “a product or an artefact” or “a set of related products … aimed at 

satisfying a particular function, such as health care” (Carlsson et al. 2002b: 237).  The 

latter is also known as a “competence bloc” used to examine “a specific market and the 

system of actors and institutions supplying products to this market” (Carlsson et al. 

2002b: 238).  In other words, technological systems can be examined in three ways, as: 

a knowledge field, a product or a market (competence bloc).   

 

Eliasson, who first defined a competence bloc, did it in the context of developing a 

competence bloc theory.   

 

The prime function of the competence bloc … is to guide the selection of 

successful innovations through its competence filter, induced by incentives and 

enforced by competition, and to move the innovations as fast as possible towards 

industrial scale production and distribution. (Eliasson 2000: 222) 
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The competence bloc approach, which delineates technological systems through their 

markets, appears to be a good method for examining the medical technological 

innovation system and would be a very useful concept in the context of this thesis.  

However, the underlying theory has a number of problems which excluded it from use 

in this thesis.  These problems include: 

- using health outcomes rather than economic ones for the health care competence 

bloc; 

- paying scant attention to or disparaging the role of policymakers by not 

including them as actors in the competence bloc (Eliasson 2000, Table 1), 

arguing that the national innovation systems approach is “not so very appealing 

… in that it gives central role to the policy maker” (Eliasson 2000: 221), and 

stating that Swedish politicians are “not very competent regulators” (Eliasson 

2002a: 34); and 

- examining issues of health care with the underlying assumption that a privatised 

health service is the best option (e.g. Eliasson 2002a: 1, 4, 29) while missing the 

point that privatised healthcare systems are more often associated with higher 

costs, inequity of access and shortened life expectancy (Davis 2003).  . 

 

Eliasson (2002b: 218) proposes that the outcome for the health care competence bloc be 

health i.e. “constant quality of life and sudden death”.  However this raises the question: 

is medical technology a determinant of health?  The main determinants of health are 

social and economic factors, with increasing living standards improving health through 

reducing poverty and its associated malnutrition and infectious diseases (Fogel 1994; 

Marmot & Wilkinson 1999).  In developed countries with high levels of GDP per 

capita, health is determined by a person’s social status, social connectedness (social 

capital), income, educational attainment, quality of nutrition, level of physical activity, 

and drug-taking behaviour (primarily alcohol and smoking) (Marmot & Wilkinson 

1999).  These determinants of health are largely outside the realm of medical industries 

and health services.  In addition, 60% of a person’s lifetime expenditure on health 

services, including medical technology and pharmaceuticals is in their last year of life 

(Eliasson 2002a: 9).  The overwhelming amount spent on health services, and hence on 

medical technology, is not on health, but on treating disease, such as cardiovascular 

disease and cancer, in its terminal stages.  In summary, the causal link between medical 
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technology and health is weak.  Using health as an outcome measure for a technological 

innovation system means that the benefit of technology will largely be missed.   

 

Given the fundamental flaws in the theoretical argument and the underlying bias in 

approach, it was decided not to use the competence bloc theory in this thesis.  For this 

reason, rather than using the term “competence bloc”, the “market” defined medical 

technological innovation system was used.   

 

2.5.8 Empirical findings on the determinants of innovation 

 

This section outlines some consistent empirical findings on the determinants of 

innovation of relevance to this thesis, especially related to medical technology.  It does 

not aim to be a comprehensive review.   

 

Freeman (1994a: 464) examined the literature looking at the economics of technical 

change at the micro level of “innovations and their diffusion at firm and industry level”.  

His review found that important determinants of innovation for firms (and subsequently 

for their growth (Freeman 1994b: 81)) included: 

- the quality of firm-specific learning and their accumulation of technological 

knowledge; 

- good internal coupling or linkages between design, development, production and 

marketing functions; 

- their contact with the world of science, especially through the recruitment of 

university graduates and informal interaction with university scientists, rather 

than in the form of published papers; 

- external networks of firms accessing information, knowledge and advice, in 

particular with their customers, their suppliers, their contractors and “from many 

other organisations – universities, government laboratories and agencies, 

consultants, licensors, licensees and others” (Freeman 1994a: 470); 

- the development of external networks by firms as influenced both by corporate 

strategy and government policy; 

- firms learning from their competitors through informal contacts and reverse 

engineering of their technological innovations (imitation); 
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- in-house R&D to generate innovation and to assist in external networking and 

for processing and modifying external knowledge so as to use it effectively 

within the firm; 

- “interaction with contemporary and future users of an innovation” (Freeman 

1994a: 470, is further explored in Section 2.6); 

- that radical innovations arise from prior accumulation of scientific knowledge 

(technological trajectories), with recent scientific advances playing a critical part 

during the development stage; 

- that the “fastest growing firms are distinguished by their capacity for a flow of 

incremental innovations as well as (more rarely) outstanding success with a 

radical innovation” (Freeman 1994b: 81) 

 

Additional firm-level evidence has been described by the OECD (1999b: 16-20; 2000b: 

121-122) and includes that productivity growth within firms is linked to:  

- technical change, an increasing capital intensity of their product mix, and in a 

greater use of advanced manufacturing technologies; 

- accumulation of human capital and a higher incidence of worker training; 

- managerial ability and organisational change (including “adoption of work 

teams, multiskilling and job rotation, quality circles, just-in-time production 

practices, increased autonomy and responsibilities of work groups and flatter 

hierarchies” (OECD 1999b: 19)); 

- competition and the creative destruction of uncompetitive firms; 

- their use of ICT both in manufacturing and services; 

- a firm’s ability “to combine and integrate technologies across different stages of 

the production process” (p.121); and 

- the degree of a firm’s integration in networks. 

 

Firms that adopted advanced technologies had higher labour productivity and export 

intensity, were of a larger size, did more staff training and paid them higher wages 

(OECD 2000b).  Firm-level evidence “shows that technological change can bring 

significant productivity gains, but only when accompanied by organisational change, 

training, and upgrading of skills” (OECD 2000b: 122). 
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Another source of evidence are innovation surveys.  They are relatively recent and 

suffer from methodological problems including “a lack of objective indicators for 

certain innovative activities and difficulties in separating diffusion from innovation” 

(OECD 2000b: 124).  They tended to focus on the most innovative firms and “provided 

limited information on non-innovating or weakly innovating firms” (p.124).  However, 

they have demonstrated (OECD 2000b): 

- that the motivation for firms to innovate includes a desire to increase market 

share, improve service quality and expand product or service range; 

- additional goals for innovation include “compliance with regulations and 

standards and the reduction of material, energy and labour costs” (p.124) 

- focusing both on product and process innovations was associated with higher 

firm growth; and 

- barriers to innovation including “financial constraints, lack of skills, high risk or 

inappropriate regulatory frameworks” (p.124). 

- that across all industries R&D accounts for about one third of innovation 

expenditure with the rest being on product design (24%), market analysis (7%), 

patents and licenses (5%) and an unspecified category of “external spending” 

(22%) (OECD 1999b: 18); and 

- that firms which innovate were much more likely to be collaborating with other 

firms and publicly supported universities and research institutes (OECD 1999b).  

These collaborations often persisted over a long period of time. 

 

The systems aspect of innovation systems examines the creation and diffusion of 

innovations and their relationship to economic, political and social institutions.  The 

interplay between systems and innovation occur at a global level but “most are quite 

tightly knit to the national or sub-national (regional) level” (Fagerberg 2002: 24).  

Therefore, a core topic in the innovation systems literature “has been how to link 

technological and territorial dynamics” (Fagerberg 2002: 24) leading to the creation of 

the various systems of innovation frameworks including national, regional and sectoral.  

Their empirical studies have produced similar and complementary findings.  Many have 

been done under the mantle of the OECD, mainly of national innovation systems 

(OECD 1997; 1999b; 2002a). 
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The main focus has been on national innovation systems because of the powerful role 

that governments play: 

 

Governments exert a strong influence on the innovation process through the 

financing and steering of public organisations that are directly involved in 

knowledge generation and diffusion (universities, public labs), and through the 

provision of financial and regulatory incentives to all actors of the innovation 

systems.(OECD 2002a: 3) 

 

The diffusion of new technology within economies (OECD 1999b: 19) 

 

is just as important as R&D and innovation to productivity growth.  At the 

economy-wide level, it is less the invention of new products and processes and 

their initial commercial exploitation that generate major economic benefits than 

their diffusion and use.  Innovating firms do not fully appropriate the 

productivity benefits of successful innovations.  Rather, these become embodied 

in goods and ultimately contribute to higher productivity for the economy as a 

whole.  For many industries (especially outside manufacturing), buying and 

assimilating technologically sophisticated machinery and equipment, often 

ICTs, is the main way of acquiring technology.  Together with training, such 

capital-embodied technology raises the technological level of an industry’s 

capital stock and improves productivity. 

 

University-based research plays an important role in supporting high technology 

patents and industries (Marceau, Manley & Sicklen 1997; Wills 1999) including: 

- 73% of scientific literature quoted in patents has originated from research in 

universities or other publicly funded research (Wills 1999). 

- patented inventions in pharmaceuticals, biotechnology and medicine have the 

highest dependence on recent scientific research (Tijssen 2002).  A survey of 

Dutch inventors listed on such patents found that recent research was crucial for 

43% of these patents (Tijssen 2002).   

- universities are a source of innovation but they also play a key role in training 

people to work in the knowledge economy.  OECD innovation indicators 

specifically look at human resources, particularly educational attainment of the 
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population, the proportion of engineers and scientists, and the percentage 

involved with R&D (OECD 2001c). 

 

There is increasing realisation of the importance of clusters or regions of co-located 

firms and institutions such as universities, where collaboration and competition act as 

constant spurs to innovation such as is seen in Silicon Valley in California and along 

Route 128 in Boston supported by Harvard University and the Massachusetts Institute 

of Technology (Saxenian 1994).  In Australia, such clusters appear to be growing in 

Melbourne and Sydney for industries in biotechnology and electro-medical devices 

(Marceau 2000).   

 

Innovation within firms and clusters is heavily influenced by their social and cultural 

contexts, institutional frameworks, infrastructure, regulatory systems, taxation 

structures, and the vehicles that distribute scientific knowledge.  These features and the 

way they relate is taken as a system of innovation.   

 

A recent study on the European Biotechnology Innovation System (EBIS) investigated 

whether development of biotechnology in Europe takes place at the sectoral level or is 

mainly shaped by national innovation systems (Senker, van Zwanenberg, Caloghirou, 

Zambarloukos, Kolisis, Enzing, Kern, Mangematin, Martinsen, Munoz, Diaz, Espinosa 

de los Monteros, O'Hara, Burke, Reiss & Worner 2001).  The study examined three 

sectors of biotechnology: biopharmaceuticals, agro-food, and equipment and supplies.  

Comparison of eight European countries showed great differences in innovation 

patterns which could be partially explained by differences in national innovation 

systems including R&D, financial, and education systems, and the public sector and its 

policies.  In the biopharmaceuticals sector, large domestic markets had a positive 

influence, as did national healthcare policies on drug procurement favouring 

domestically manufactured drugs.  Countries pursuing a procurement regime which 

favoured low priced products seemed to have had difficulty developing national 

biopharmaceutical companies (Senker et al. 2001: 8).  Overall, the main influence on 

innovation was demand shaped by the nature of each sector’s market, domestic market 

size and “public attitudes to applications of biotechnology” (Senker et al. 2001: 5).  

These factors differ greatly between the three biotechnology sectors, suggesting that the 

development of biotechnology in Europe takes place mainly at the sectoral level while 
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simultaneously being influenced by the national context.  This justifies a sectoral 

approach to examining systems of innovation within a national context, which is the 

method adopted in this thesis. 

 

Interestingly, most biotechnology firms were founded independently.  University spin-

offs were generally rare, and even in Germany, Ireland and the UK they only accounted 

for 20% of firms (Senker et al. 2001: 7). 

 

Carlsson (1997) examined the success of the Swedish pharmaceutical industry since 

World War II.  He demonstrated the importance of “path dependence” – how the 

industry grew out of post war pharmacy businesses and its strong historic links to 

medical research and the health care sector.  He showed that success arose from: 

- the medical profession having a high level of research literacy; 

- close collaboration between leading teaching hospitals (which conduct over 40% 

of Sweden’s medical research) and the pharmaceutical companies which led to a 

high competence level of clinical testing [of drugs] in the country and 

contributed to the emergence of many new product ideas.”(Carlsson 1997: 789); 

- Swedish firms created strong academic linkages through “consultancies, R&D 

collaboration, funding of academic chairs, recruitment, and location of R&D 

facilities near academic research centres” (Carlsson 1997: 790).   

- the Swedish pharmaceutical industry developed a competitive advantage 

through being a pioneer in clinical research especially in randomised controlled 

trials and, coupled with Sweden enacting “relatively rigorous” regulations 

regarding clinical testing, meant the industry had little difficulty gaining 

registration for their drugs in foreign markets (Carlsson 1997: 792);  

- Sweden has a high level of public investment in medical research including 

biochemistry.  In the 1980s Swedish research institutions spun off about 80 

biotechnology companies (equal in per capita terms to that of the US) with the 

financial support from the “infant venture capital market” and government 

bodies (Carlsson 1997: 791); and 

- The industry built bridging institutions with domestic scientists who through 

their strong international linkages, especially with the US, acted as “excellent” 

observers for the industry (Carlsson 1997: 790) and went into joint ventures with 

overseas companies.   
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Carlsson (1997) used a case study approach to describe the Swedish pharmaceutical 

industry as well three other “technological systems” in Sweden, namely factory 

automation, electronics and computers, and powder technology.   

 

Carlsson summarised saying that in his four case studies including the pharmaceutical 

technological system “government policy has played a fairly limited role overall” 

(Carlsson 1994: 21).  However, reading between the lines of his case on the Swedish 

pharmaceutical technological system, the sources of data and method of its analysis are 

largely unspecified, and having a strong theoretical bent, the role of government may 

have been missed or underplayed.  The important role of government has been 

underscored by work of the OECD on national innovation systems (OECD 2002a: 11).  

This work was also very influential on the OECD Growth Project (OECD 2001a).  It 

examined the cause of differing growth trajectories in OECD member nations.  Its 

analysis of the empirical evidence found that growth was associated with: 

- stable and open macro-economic environments with effectively functioning 

markets; 

- investment in and diffusion of ICT; 

- increased use of labour; 

- rising quality of labour (human capital); and 

- greater efficiency in how labour and capital are combined (multifactor 

productivity). 

 

The broad policy recommendations include: 

- further improving the diffusion of ICT; 

- fostering innovation; 

- investing in human capital; and 

- stimulating the creation of firms. 

 

The empirical studies described above are generally focusing on firms and not on 

individual innovations.  The question is whether examining the determinants of 

innovation for medical patents will generate different findings to the ones described 

above.  This empirical work especially in relation to medical innovation suggests an 

important role for government, universities, innovative firms with high quality 
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management and the interaction between these institutions and the broader cultural 

environment. 

 

The quality of the methods employed by the empirical numerous studies quoted above 

has not been evaluated as part of this thesis.  The sections to follow examine issues 

regarding the quality of study methods and their influence on the findings as to 

innovation determinants.  

 

2.5.9 Study design and the determinants of innovation 

 

What is the strongest study design for deductively assessing the determinants of 

innovation?  A hierarchy of study designs is described which was derived from 

Hennekens and Buring (1987) to discuss both study design and analysis (Table 2.3).  

The study designs can range from descriptive studies such as case reports all the way to 

intervention studies.  The further down the list of study designs in the left hand column 

of Table 2.3, the stronger the design is for deductively assessing causality between 

determinant and outcome measurable at the micro level.  Intervention or experimental 

studies are rare in innovation research but the next best study design would be a 

prospective cohort study where the determinants are identified before the outcome of 

interest has occurred e.g. such as before the launching of a product innovation.  Case-

control studies compare cases (which experience the outcome of interest) and controls 

that have not experienced the same outcome.  An example is comparing medical patents 

that became technological innovations with patents that did not become innovations, as 

is done in this thesis in Chapter 5.  Such case-control studies can be analysed within 

cross-sectional surveys.   

 

Table  2.3: Study designs for deductively assessing micro level determinants of 

innovation in their contexts 

Hierarchy of study designs* Level of sampling 
 Micro (individual or 

an organisation) 
Meso (sectoral#, 
regional)a 

Macro 
(national, 
supranational) 

1. Descriptive studies    
- populations (correlational studies)    
- case studies    
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- cross-sectional surveys    
2. Analytic studies    

- case-control studies    
- cohort studiesb    
- intervention studies (e.g.     
  randomised controlled trials)    

 
N.B. the darker the shading the stronger the study design is for elucidating causality at the micro level 

within the study’s context 
* adapted from Hennekens and Buring (1987: 18)  
# sectoral levels can categorised, for example, by technological innovation systems or industries 
a classifications that could be employed for meso level analysis include those based on technology (e.g. 

patent classification systems such as IPC (World Intellectual Property Office (WIPO) 2003) or Pavitt’s 
(1984) taxonomy or industry classification systems (e.g. NAICS from US Census Bureau 2000;  or ISIC 
from United Nations Statistics Division 2002) or analysis of clusters (e.g. OECD 1999a).   

b cohort studies can be retrospective or prospective, with prospective versions being stronger at 
determining causality 

 

 

The level of sampling in order to measure a determinant and an outcome of interest to 

assess causality should be at the lowest level possible whether that be an individual, an 

organisation or a nation.  Thus, there will be determinants, which are national such as 

tax laws, regional such as being situated in an innovation cluster, organisational such as 

firm strategy, and individual such as education level.  Then there are social factors such 

as culture which sit across these domains.  The analysis should take these multiple 

levels into account.  This approach is found in the burgeoning interest in multilevel 

analysis which can combine individual and meso or macro characteristics in one 

analysis to identify an explanatory framework for the occurrence of innovation (Taylor 

1998a: 118; Singer & Willett 2003).  This is not the approach of ultimate reductionism 

but an acknowledgement that determinants operate at different levels to affect 

innovation.  It also represents a desire to measure the link between determinant and 

outcome as accurately as possible to avoid the risk of finding spurious relationships that 

occur at greater levels of aggregation.   

 

The real challenge is to investigate the interaction of determinants at all levels and their 

influence on the process of innovation. 

 

When examining individual level relationships, going from macro to meso to micro 

level of sampling means the design is stronger in determining causality.  Generally, if 

micro or meso or macro level issues are examined using a representative micro level 

sample, this is a stronger design to determine causality, than looking at data aggregated 

at the meso or macro level.  Nelson and Winter (1977) advocated the need for more 
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micro and industry (meso) level studies in innovation rather than just those aggregated 

at the macro level.  However, there are some phenomenon which cannot be explained 

“through its analytical reduction to its presumed microfoundations and component 

parts” (Hodgson 1998: 7).   

 

This thesis does not intend to engage in reductionism, where “all aspects of a complex 

phenomenon must be completely explained in terms of one level, or type of unit” 

(Hodgson 1998: 10).  This raises the issue of emergence or “the idea that novel 

properties may ‘emerge’ in a complex system that are not reducible to constituent 

micro-elements at a ‘lower level’” (Hodgson 1998:10-11).  An example rises from 

Durkheim in 1901 (cited by Hodgson 1998: 11): 

 

The hardness of bronze lies neither in the copper, nor the tin, nor in the lead 

which have used to form it, which are all soft and malleable bodies.  The 

hardness arises from the mixing of them … Let us apply this principle to 

sociology.  If, as is granted to us, this synthesis sui generis, which constitutes 

every society, gives rise to new phenomena, different from those which occur in 

consciousness in isolation, one is forced to admit that these specific facts reside 

in the society itself that produces them and not in its parts – namely its members. 

 

… reality consists of multi-levelled hierarchies.  The existence of emergent 

properties at each level means that explanations at that tier cannot be reduced 

entirely to phenomena at lower levels.   

 

Hodgson (1998: 12) continued with the perspective of the biologist Mayr.   

 

Systems at each hierarchical level have two characteristics.  They act as wholes 

(as if they were a homogeneous entity), and their characteristics cannot (not 

even in theory) be deduced from the most complete knowledge of the 

components, taken separately or in other partial combinations.  In other words, 

when such systems are assembled from their components, new characteristics of 

the new whole emerge that could not have been predicted from a knowledge of 

the components. … Perhaps the two most interesting characteristic of new 

wholes are that they can in turn become parts of still higher-level systems, and 
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that they can affect properties of components at lower levels (downward 

causation) … Recognition of the importance of emergence demonstrates, of 

course, the invalidity of extreme reductionism.  By the time we have dissected 

an organism down to atoms and elementary particles we have lost everything 

that is characteristic of a living system.   

 

This is the raison d’être for this thesis using the various systems of innovation 

approaches and for the study of institutions within such systems.  By studying systems 

from the micro to the macro level “notions of emergence and downward causation” can 

be examined as well as notions of upward causation, such as the development of new 

institutions through the creation of a new organisation by an individual e.g. citizens-

initiated referenda leading to constitutional change. 

 

Studying institutions within systems of innovation is the study of “interactive agents, 

mutually entwined in durable and self-reinforcing institutions. … the strong influence of 

institutions upon individual cognition” (Hodgson 1998: 13) and action, while the action 

of individuals perpetuate, shape and generate institutions.  Hodgson (1998: 14-15) 

continues 

 

Generally, institutions fill a key conceptual gap in social and economic theory.  

Institutions simultaneously constitute and are constituted by human action.  

Institutions are sustained by ‘subjective’ ideas in the heads of agents and are 

also ‘objective’ structures faced by them.   

 

There is a valid and sustainable distinction between the ‘micro’ and the ‘macro’, 

without reducing the former to the latter, or vice-versa.  The concept of an 

institution provides a key conceptual bridge between the two levels of analysis.  

It connects the microeconomic world of individual action, of habit and choice, 

with the macroeconomic sphere of seemingly detached and impersonal 

structures.  While analysis at each level must remain consistent with each other, 

the macroeconomic level has distinctive and emergent properties of its own.   

 

As will be demonstrated (Section 2.6) the most common study designs examining 

innovation are descriptive studies, and very rarely, are analytic studies undertaken 



 

 

62

despite their greater robustness in testing causality.  Correlational studies, even if the 

sample data is representative of the population from which it is derived, and a 

statistically significant relationship is found, cannot determine whether the relationship 

is spurious or causal.  Case report or studies usually suffer from selection and recall 

bias, and thus their results are poorly generalisable to the rest of the population from 

whence the sample was drawn let alone populations in other settings.  Cross-sectional 

surveys, even if a representative sample is recruited, are unable to test for causality as 

determinant and outcomes are measured simultaneously.  They are, however, very good 

at generating hypotheses for testing in analytic studies. 

 

A good example to examine is one of the foundation texts in national innovation 

systems (Nelson 1993) which primarily describes case studies for 15 countries written 

by different authors who had different interpretations of the concept of national 

innovation systems (Edquist 1997a: 4).  Their aim was to have fairly similar 

frameworks for describing individual countries.  However, from the point of view of 

testing causality, it would have been more robust if the data had been comparable 

enough to undertake statistical comparative analysis.  As Edquist (1997a: 20) states  

 

Large benefits could be reaped if comparisons between systems were made 

explicit and systematic.  Comparisons are also crucial for policy purposes; for 

the identification of problems that should be subject to intervention. 

 

In the final analysis no single method should be held as superior or inferior, and 

methodological pluralism should be encouraged, especially when a complex 

phenomenon, such as innovation, is being studied.  This is the reason that the thesis 

combines a comparative analytical study with a descriptive case study. 

 

A practical examination of these methodological issues and causality will be undertaken 

for studies looking at the sources of innovation below in Section 2.6. 

 

2.5.10 Criteria for causation 
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From an empirical perspective, once having agreed on the theoretical framework, the 

determinants and outcomes to measure and the study design in which to appraise them, 

how does one estimate whether the relationship between a determinant and outcome is 

causal or spurious?  The most common approach to analyse this relationship is via the 

probabilistic approach.  As Guala (2001: 170) states  

 

The ‘probabilistic’ approach to causal analysis is one of the most popular 

research programmes in philosophy and in the social sciences.  In its original 

version, it attempts to solve both the conceptual and the epistemological 

problems by providing a definition of the notion of cause as well as a set of 

inferential techniques to tell causes from statistical data. 

 

The problem with the probabilistic approach is that by itself it cannot distinguish 

between causal and spurious relationship and thus “it must introduce qualifications 

featuring causal notions” (Guala 2001: 170).  In other words,  

 

no purely statistical information is sufficient to identify causal links.  As 

Cartwright puts it: ‘No causes in, no causes out’.(Guala 2001: 170) 

 

To assess whether the observed associations are causal or not is the greatest challenge, 

not only in this thesis, but for innovation research overall.  Various disciplines including 

history (Carr 1964), sociology, economics (Guala 2001) and health (Taylor 1998b) have 

broadly similar approaches to causation.  The most comprehensive appears to be the 

Bradford-Hill’s criteria for causation (Taylor 1998b), which are used in health research, 

specifically epidemiology, and have been modified since he first published them in 

1971.  These are also commonly used by the legal system for examining evidence of 

causation in medico-legal cases.  His criteria for causation include (Taylor 1998b): 

- strength of association with relative risks from trials or cohort studies preferred 

over odds ratio from case control studies, which are preferred over prevalence 

ratios from cross-sectional studies.  The risks or odds are calculated by 

comparing outcomes of people exposed with those unexposed to a putative 

causative factor.  Associations are considered to be strong with relative risks or 

odds ratios of 4 or 5. 
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- dose response with the likelihood or severity of an outcome increasing with 

rising doses of exposure. 

- consistency of association in several studies, preferably with different 

researchers, populations and methods. 

- specificity of association is useful when a specific determinant leads to a specific 

outcome, e.g. exposure to a measles virus is needed to develop measles.  

However, it is not relevant where outcomes occur as a consequence of multiple 

exposures, as in most of economics. 

- temporal relationship with causes antedating outcomes which can only be 

reliably determined by longitudinal studies and not by cross-sectional surveys. 

- biological plausibility such as passive smoking causing lung cancer given the 

evidence that smoking causes lung cancer. 

- experimental evidence from intervention trials. 

- reasoning by analogy or by answering the question: is it similar to some other 

cause and effect relationship?  This is considered the weakest criteria for 

causality but it is “useful in speculation of how putative causative factors may 

operate in different contexts” (Taylor 1998b:  28).   

- coherence of evidence which “is a more recent criterion, and refers to the logical 

consistency with which the various strands of evidence fit together” (Taylor 

1998b: 28). 

 

In innovation research “biological plausibility” is not an issue, however, the causal link 

between a determinant and an outcome should be plausible.  Depending on the causal 

phenomenon being studied, such plausibility could be classified as “psychological”, 

“behavioural” (individuals and organisations), “economic”, “physical”, “theoretical” or 

“aetiological”.  Similarly experimental evidence would rarely be available in innovation 

research, for example, for a policy attempting to increase private investment in R&D.  

Generally few trials are done in economics (Guala 2001).  Most evidence comes from 

natural experiments such as by implementing a policy and seeing whether there is a 

change in the process or outcome of interest. 

 

Appreciative theorising as described by Nelson (1997) probably combines 3 aspects of 

the adapted Bradford-Hill criteria, namely, theoretical plausibility, reasoning by 

analogy and coherence of evidence.  As Nelson states appreciative theorising is close to 
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empirical work and “is the analyst’s articulation of what he or she thinks is actually 

happening” including reasoning on causality and ranking of variables with certain ones 

being treated as important, while others are ignored (Nelson 1997: 34).  Appreciative 

theorising is the approach used in Chapter 7 which brings the empirical results of the 

thesis together with theoretical considerations on the systems of innovation from this 

literature review.   

 

Coherence of evidence in this thesis is assessed through comparison of its results with 

those of previous surveys and literature on innovation disclosed in this literature review.  

Bradford-Hill’s criteria for causation are primarily applicable to analytic studies, 

whereas most research of innovation systems is descriptive.  This means that most study 

designs are unable to rigorously test causation. 

 

A structural approach to causality is an alternative to the probabilistic approach 

described above.  The structural approach is not used in this thesis and it is mentioned 

here only to acknowledge that there is an another way to examine causation.  The 

origins of the “structural” approach to causation go back to the beginning of 

econometrics itself (Guala 2001).  It states that  

 

Relationships between economic entities are customarily represented in the form 

of simultaneous equations.  From a mathematical viewpoint, there exist a 

number of equivalent combinations of the variables and coefficients appearing 

in these equations.  Moreover, given a set of data, the possible combinations will 

also be observationally equivalent: for different values assigned to the 

parameters of the theory, there is no way to discriminate between the 

arrangement representing genuine causal relations and those that are spurious.  

The structural approach solves this problem by stating that it is characteristic of 

a causal relation that its form is invariant to changes in the value of its 

independent variables…  At the origins of the structural approach, econometric 

techniques for causal inference were explicitly shaped on the idea of a “natural 

controlled experiment”.  The requirement that Prob(E|C)14 remains fixed may 

                                                 
14 Prob(E|C) = probability of an effect (E) given an exposure to a putative cause (C) 
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indeed be justified in experiments but appears shakier in natural conditions … 

(Guala 2001: 170) 

 

Cartwright’s (1999) most recent work builds on this distinction to argue that the 

correct application of statistical techniques in the non-experimental sciences 

requires satisfaction of a set of rather stringent conditions, both at the 

ontological and the epistemic level.  First, statistical data must be produced by a 

“nomological machine” – a stable system repeatedly operated in the absence of 

external interference.  Secondly, we must know this, which requires the 

independent collection of detailed information on the data generating process 

before we engage in a statistical analysis of the data themselves.(Guala 2001: 

170) 

 

The “nomological machine” is essentially an agreed theoretical framework which 

ideally should be applied in studies undertaken in many different settings.  Or as 

Cartwright (1999: 50) states “It is a fixed (enough) arrangement of components or 

factors, with stable (enough) capacities that in the right sort of stable (enough) 

environment will, with repeated operation, give rise to the kind of regular behaviour 

that we represent in our scientific laws”.  Nomological machines generate a variety of 

different laws including “laws we test in physics, causal laws, results in economics and 

probabilistic laws” (Cartwright 1999: 50). 

 

It is rare to have independent collection of information on the data generating process in 

a study.  Instead, most scientific articles are meant to provide enough detail of the 

methods used in a study for another person to be able to replicate the study.  In reality, 

however, journals do not provide adequate space for such detail on a study’s method.   

 

The problem with the innovation systems approach is that because the “nomological 

machine” varies so much between studies, the comparison of results arising from the 

statistical analysis is difficult.  In summary, the apparent causal relationship between a 

determinant and an outcome, like innovation, cannot be reliably examined without 

analytic studies preferably replicated in different contexts.  
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2.5.11 Conclusion 

 

The approaches of various systems of innovation, including the technological, regional 

and national varieties, all “complement rather than exclude each other” (Edquist 2001: 

2).  However, the systems of innovation framework does suffer from “a certain 

conceptual diffuseness and an immature theoretical status” (Edquist 1997a: 29).  In 

particular, there is no agreed outcome variable for systems of innovation which is 

important for any empirical analysis testing a causal relationship between a putative 

determinant and an outcome.  Innovation appears to be an outcome of particular 

interest, but even this core concept includes technological, organisational and 

institutional innovations.  This thesis argues it would be more useful if organisational 

and institutional change were viewed not as innovations but as determinants of 

technological innovation.   

 

Thus, for systems of innovation approaches to move forward in becoming a theory it 

requires: 

- an agreed theoretical framework; 

- empirical methods for assessing determinants, outcomes and their causal 

relationship; and 

- if the influence of innovation on economic growth is considered a vital 

component for study, the determinants and outcomes need to be measured 

within their macroeconomic context as that is where economic growth is 

traditionally calculated. 

 

The systems of innovation approach has the advantage that it is: 

- still evolving, and therefore, encompasses a degree of flexibility; 

- focusing on the core of economic growth, namely technological change; and 

- multi-disciplinary in approach. 

 

Thus, it is a conceptual framework that has the potential to become a theory for 

economic change.   

 

However, it is not the purpose of this thesis to develop a causal link between innovation 

and macroeconomic growth.  Rather it aims to look at a number of empirical issues to 
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examine the link between determinants and technological innovation.  The thesis 

proposes to do this within the systems of innovation paradigm through undertaking a 

robust empirical analysis using deductive and inductive methods to identifying the 

determinants of innovation. 

 

This thesis proposes to survey a sample of medical inventors representative of all 

Australian medical inventors listed on US patents.  Through this survey it aims to 

identify the determinants for medical patents becoming technological innovations by 

using a case control study within the cross-sectional survey of medical inventors.  This 

case control study compares patents which became technological innovations with those 

that did not.  A subsequent case study affords the unique opportunity to examine 

determinants of innovation in detail using qualitative methods.  As part of the 

examination of innovation determinants the sources of innovation and the usefulness of 

innovation models will also be examined.   

 

Having reviewed the theoretical aspects of examining the systems of innovation what 

about empirical approaches?   

 

In this thesis, one of the main interests is to examine the source of medical technology 

in Australia by examining medical patents.  As a way to assess empirical approaches to 

investigating the determinants of innovation, the next phase of the literature review will 

look at studies that explore the source of innovation.  In particular it will focus on the 

design of these studies and how well these designs assist in identifying determinants of 

innovation.  The fundamental assumption is that the design of these empirical studies 

broadly reflects those used by systems of innovation researchers.  It is beyond the scope 

of this thesis to thoroughly review the empirical studies undertaken within the various 

frameworks under the systems of innovation mantle. 

 

This is followed by: 

- an examination of models of innovation; 

- studies that have used the same empirical method as this thesis, namely 

surveying inventors listed on patents; and 

- a summary of the Australian economy in order to place the studies in this thesis 

in their economic context. 
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2.6 SOURCE OF INNOVATION STUDIES: A WAY TO ASSESS THE 

DETERMINANTS OF INNOVATION? 

 

How good are studies examining the sources of innovation at assessing the determinants 

of innovation?  To answer this question one must investigate the methods employed to 

examine the relationship between a putative determinant and an outcome.  These 

empirical methods include study design, in particular, methods of selecting the sample 

and analysing the results.  This investigation will demonstrate that most studies looking 

at the source of innovation do not examine the determinants of innovation in a way that 

enables the induction of a generalisable theory or the deduction of causality.   

 

These studies had various aims and often were not looking at the determinants of 

innovation.  This review is not a criticism of their approach, rather these studies are 

used as a means to examine the relationship between study design and how well it 

identifies the determinants of innovation.   

 

Sources of innovation have been examined in a number of ways.  These include 

correlations between macroeconomic variables, bibliometric studies, case series and a 

retrospective cohort study following study designs described in detail in Appendix 10.2.  

There is an emphasis on studies examining medical technological innovation.  A brief 

summary of this review will be provided here. 

 

The sources of innovation have been examined in a number of different ways.  There 

are macroeconomic analyses which predominantly examine correlations between 

innovation input and output variables.  As mentioned these studies may be 

representative of the population being studied but their correlations may be spurious or 

causal, so they can hint at possible causality but are unable to test it.   

 

Historical analysis of scientific publications can examine technological trajectories 

going all the way back to the ancients in the time BC (Comroe & Dripps 1976).  A 

description of a technological trajectory, does not usually identify the causal factors that 

contributed to its creation and its historical course.   
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Case series, investigating a small number of innovations, examine the source of 

innovation retrospectively through interviews of the main players.  In terms of 

examining the causal pathways to innovation, these study designs are particularly open 

to selection and recall bias which can lead to erroneous conclusions and reduce the 

generalisability of results.   

 

There does not appear to by any research examining the source of all inventions (micro 

view) within a macro framework e.g. all technological innovation within a 

technological innovation system of innovation within a national context.  The exception 

is Pavitt’s (1984, Table 5) study which describes the sources of technological 

innovations within the UK but, unfortunately, he did not quantify them. 

 

In addition, the innovators themselves appear to be poorly characterised with little 

examination of their backgrounds, and the innovation process is examined somewhat 

superficially, with only a handful having investigated the process in depth. 

 

In a national context, the sources of innovation, in medicine for example, have never 

been estimated.  Universities are thought to be an increasingly important source of 

innovation especially in high technology, for example, biotechnology and electro-

medical devices. 

 

Academic physicians appear to be an important source of innovation, particularly for 

medical devices and possibly for scientific instruments.  However, their relevance 

within a national and technological innovation systems is not known. 
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2.7 CAUSAL MODELS FOR INNOVATION 

 

This section will summarise the review of models of innovation and their relationship to 

the determinants of innovation.  This is presented in Appendix 10.3.  These models are 

anatomical depictions of the important hypothesised causal relations leading to 

innovation.  Generally these are not developed enough to be called a theory, and hence 

are on a par to a theoretical framework.  They have a variety of origins but have all been 

discussed within the systems of innovation literature.  The primary purpose for this 

review, is not to explore whether these models have been rigorously assessed, but rather 

as a lead into seeing which model is most pertinent to the systems of innovation 

approach.  Though not formerly evaluated, the impression is that most models have 

emerged from historical and descriptive rather than analytic studies. 

 

As Edquist (1999: 67) states “the model of the isolated, profit-maximising firm is an 

inappropriate tool for interpreting certain important aspects of innovation processes”.  

He espouses the need for models of innovation to include the role of government, 

private non-profit organisations, and the cultural, legal and regional environment which 

all impact on an organisation’s ability and willingness to innovate.   

 

In addition, “the focus is on the anatomy rather than the change processes of systems of 

innovation, and furthermore the relations between system structure and system change 

are not discussed” (Johnson 1997: 37).   

 

The evolving models of innovation represent the increasing understanding of the 

complexity of the innovation process.  However, the main weakness of these models is 

that they do not provide a holistic representation required for a systems of innovation 

approach.  Some models have included fragments of the institutional environment, such 

as government, varying degrees of public policy, politics and education.  The challenge 

is to develop a model for the innovation process relevant to the innovation systems 

approach, which remains simple in design, while incorporating a more holistic range of 

influences on the innovation process.   
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The challenge, above all, is to develop a holistic rather than a fragmentary approach to 

resources or inputs into systems of innovation.  As Edquist (1997a: 6) states, “the 

resource bases of various national systems of innovation highly influence their patterns 

of innovation”.  This is likely to be true for all systems of innovation.  Furthermore, the 

models of innovation by not measuring specific inputs and outputs are not able to 

measure the effectiveness of the innovation process (Forrest 1991). 

 

The reasons for developing models of innovation has not been clearly articulated in the 

literature.  I believe models are meant to provide a visual representation of the 

innovation process.  Ideally models should entail a high degree of explanatory power, 

while maintaining simplicity of design, and if possible even a degree of flexibility.  The 

more complex a model is the less likely people will remember it.  Models of innovation 

also represent conceptual frameworks that people use during their analysis (e.g. Senker 

et al. 2001).  A well designed model, even a flawed one, can also be a powerful tool for 

selling a conceptual framework as Porter (1990) has demonstrated.   

 

2.8 PATENTS AS A MEASURE OF TECHNOLOGICAL INNOVATION IN 

MEDICINE 

 

In this thesis, a survey of Australian inventors listed on medical patents in the US is 

used as a means to explore the process of going from patented invention to a 

technological innovation.  This section focuses on the validity of using patents as an 

inroad into examining causal pathways leading to technological innovation within a 

systems of innovation framework.   

 

There are three types of patents (USPTO 2003: 4): 

- utility patents “granted to anyone who invents or discovers any new and useful 

process, machine, article of manufacture, or compositions of matters, or any new 

useful improvement thereof”;  

- design patents “granted to anyone who invents a new, original, and ornamental 

design for an article of manufacture”; and  

- plant patents “granted to anyone who invents or discovers and asexually 

reproduces any distinct and new variety of plants”.  
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Most innovation related literature and this thesis, focus on utility patents or patents for 

inventions.  In order to be granted a patent, the invention has to be “useful” (USPTO 

2003: 4).  This means it has to serve a useful purpose and includes operativeness, that 

is, it has to be able to perform the intended purpose.  The invention described in a patent 

also has to be novel and not obvious to a skilled person in the area of the patent.  The 

technology embodied in a patent application undergoes a rigorous assessment before a 

patent is granted.  Thus, a patent is intellectual property that has been rigorously 

evaluated and has the potential of becoming a technological innovation.   

 

Patent-based indicators provide one output measure of a country’s R&D, namely, its 

inventions (OECD 2001c).  For technologies that are patented, patent statistics allow 

the assessment of the technological specialisation or strengths of firms or innovation 

systems including nations, regions and sectors.  It also allows the progress or 

trajectories in specific technologies to be charted (e.g. Patel & Pavitt 1994; Patel & 

Pavitt 1997).  Patenting appears to have become a more important source of economic 

growth (OECD 2000b: 124).  Like other innovation indicators, the use of patent 

statistics has advantages and disadvantages (Patel & Pavitt 1995b; Department of 

Industry Science and Resources 1999).  Patent data are increasingly readily accessible 

as searchable patent databases are made available on the internet.  Patents contain a lot 

of information about the inventor, the assignee (owner), the technology, and claims and 

references to other patents and the scientific literature (Garrett-Jones & Aylward 1995).  

However, patent indicators have some weaknesses:   

- many inventions are not patented; 

- the propensity to patent varies over time and across countries and industries; 

- patenting can differ with economic conditions and with changes in the strategic 

concerns of companies (Geroski 1995; Department of Industry Science and 

Resources 1999); 

- international comparisons of patents are hampered by the national differences in 

patent regulations (OECD 2001d); and 

- changes in these patent laws may also alter patent data over time.   
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Important changes in patent regulations over the last 20 years include a number that 

have occurred in the US.  These include opening up of the system to software patents, 

business models, and biotechnology (Coriat & Orsi 2002)  

 

The commercial value of patents can range from no value to hundreds of millions of 

dollars for a major breakthrough (Geroski 1995; Department of Industry Science and 

Resources 1999).  For some companies a master patent (AIDA 1981: 23&30) or patent 

portfolio can demarcate an area of technology thereby giving them a very strong 

position in that market.  Unfortunately there is currently no ranking of the importance of 

a patent (AIDA 1981).   

 

There have been attempts to identify features of patents that have a significant 

commercial value.  It is notoriously difficult to value patents.  Essentially there are four 

traditional sources of information on this subject (Griliches 1998: 308): 

- surveys of patent owners or assignees; 

- data on patent renewals with an implicit increase in patent value for a decision 

“to pay a fee to renew the patent”;  

- econometric analyses of the relationship between the number of patents and 

some other measure of worth, such as firm profits or stock market value; and 

- citation analysis which has shown that the number of times a patent is cited in 

other patents significantly correlates with its technological and economic 

importance (Jaffe, Trajtenberg & Fogarty 2000). 

 

Surveys of patent holders showed that the median return per patent was close to zero 

(Griliches 1998: 309-310).  However, through skewing of the distribution probably due 

to a small number of patents generating enormous returns, the mean gain to the patent 

holder ranged from USD$73,000 to USD$473,000 per patent in mid 1980’s prices.   

 

European data from the mid 1980s showed that about half of all patents are renewed for 

10 years and 10% are renewed for the whole statutory period (Griliches 1998: 310), 

though not quoted this is presumably for 17 years.  This work estimated the average 

value of a patent varied between USD$7,000 and USD$17,000 for the UK, France and 

Germany.   
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Every additional patent owned by a firm is thought to increase the firm’s market value 

between USD$200,000 and USD$800,000 (Griliches 1998: 318).  For the 

pharmaceutical industry, the average value of each additional patent was USD$810,000. 

 

In this thesis medical inventors were surveyed about the commercial outcome of the 

patent.  This was both in terms of whether it became a technological innovation or not, 

and the value of sales that the innovation generated in the previous financial year.   

 

Generally, patenting as a means of defending intellectual property was: 

- very important for the pharmaceutical, biotechnology, chemical and medical 

devices industries (Geroski 1995; Brockhoff, Ernst & Hundhausen 1999; 

Kingston 2001); 

- less important for mining companies (AIDA 1981: 26); 

- of little relevance to engineering companies (2000), and the textile and rubber 

industries (Geroski 1995); 

- important for new products and new processes (AIDA 1981);  

- less important for product or process improvements and even less so for 

technical services (AIDA 1981: 25); and 

- less important for small firms (Derwent Information 2000; Kingston 2001). 

 

Companies also rely on non-patent alternatives as a means to appropriate their 

intellectual property.  This includes applying for copyright or a trademark.  However, 

most intellectual property is guarded by less formal protection strategies or means of 

appropriating returns on investment in R&D.  These strategies include (Levin, 

Klevorick, Nelson & Winter 1987)15: 

- establishing a lead time in a market by being first to market; 

- demonstrating and securing a reputation on quality or service; 

- trade secrets;  

- moving quickly down the learning curve; 

- building in technical forms of protection (such as source code in software); 

- introducing dummy elements into products to throw off or confuse competitors 

seeking to reverse engineer; 

                                                 
15 Listed points also came from Table 1 in http://www.york.ac.uk/org/satsu/Projects/IP.htm [15 May 

1998] 
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- securing collective know-how and retaining tacit knowledge within the firm; 

- deliberate disclosure of some of the firm's work to compromise other firms 

seeking to build intellectual property rights in the same area; and 

- trust and informal linkages with other firms. 

 

Irrespective of its weaknesses, the patent system is probably the most important source 

of information about inventions globally.  The US patent database, managed by the US 

Patent and Trademark Office (USPTO), contains more than 6 million distinct US 

patents granted since its creation in 1790 (USPTO 1998).  Because of its early 

establishment and rigorous assessment of patent applications “the [US] patent file 

embodies the most comprehensive collection of technical information of its kind in the 

world” (USPTO 1998: 4).   

 

A survey of both foreign and Australian controlled companies in Australia in 1981 

found that the US was the country in which both most frequently sought a patent for 

Australian inventions (AIDA 1981).  Because of the importance of the US market, the 

US is also the first country where multinational corporations submit their patent 

applications outside the patent's country of origin (Bertin & Wyatt 1988).  The US is 

also the preferred foreign destination for the majority of industrialised countries such as 

Japan, Germany, Sweden and Switzerland (Bertin & Wyatt 1988: 56).  This is 

supported by the rise in US patents issued to residents of foreign countries from 18% in 

1963 to a peak of 47% in 1987 (USPTO 1998: 5).  In 2001, the foreign share was 46%.  

 

Patents granted in the US to Australian residents are considered to be economically 

more significant than patents granted in Australia, as the increased cost and effort of 

patenting in another country is thought to filter out trivial inventions (Patel & Pavitt 

1995a).  Thus, Australian patents in the US are arguably the most important subset of 

Australian patents in other countries (Department of Industry Science and Technology 

1996). 

 

In summary, international patent data, despite missing a significant proportion of 

technological innovations, are a rich and reliable source of technological data for 

innovation systems.  The US patent database is probably the most important collection 

of patents in the world, and therefore, is the one used in this thesis.   
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2.9 EXAMINING COMMERCIALISATION THROUGH SURVEYS OF 

INVENTORS LISTED ON PATENTS 

 

This section reviews the methods and results of studies which have surveyed inventors 

listed on patents.  This is the method used in this thesis to examine the determinants of 

innovation.  However, these studies were largely conducted outside the realm of 

innovation systems.  The results that are examined in detail are directly relevant to our 

survey of inventors listed on Australian medical patents in the US (Chapter 5).  As 

outlined in Section 2.5.9, such micro level studies, as long as they are representative 

within a macro context, provide good evidence for causality in innovation.   

 

Although new technology and the process of bringing it to market is integral to 

economic growth, there has been a dearth of studies worldwide that explore the 

commercialisation process from patent to technological innovation (Rossman & Sanders 

1957; Firestone 1971; Basberg 1987; Amesse, Desranleau, Etemad, Fortier & Sequin-

Dulude 1991).  Research in innovation has tended to focus either on the macro 

perspective such as the national systems of innovation, or to go down to the level of the 

firm but rarely conduct analysis from the micro perspective of individual inventors and 

their contexts.  Surveys on commercialisation within firms usually involve discussions 

with senior managers, especially in R&D management, rather than people working at 

the laboratory bench, such as inventors themselves (Tijssen 2002).  The inventor’s 

perspective is thought to provide a more accurate micro level view of the development 

process leading to patents (Tijssen 2002) and subsequent technological innovations.   

 

There have been 7 major surveys (Rossman & Sanders 1957; Firestone 1971; 

Macdonald 1982; 1984; Sirilli 1987; Amesse et al. 1991; Jaffe, Trajtenberg & Fogarty 

2000; Tijssen 2002) of inventors listed on patents.  The study by Jaffe et al. (2000) 

focuses on citations and did not publish the inventor and commercialisation data of 

interest to this study.  Thus, six survey are analysed in detail (Tables 2.4 to 2.7).  The 

surveys were conducted in North America (Rossman & Sanders 1957; Firestone 1971; 

Amesse et al. 1991), Australia (Macdonald 1982; 1984), Italy (Sirilli 1987), or focused 

on Dutch inventors (Tijssen 2002).   
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Macdonald (1982; 1984) and Amesse et al. (1991) focus on individual inventors, 

Macdonald examined inventors listed on provisional patent applications whereas 

Amesse et al. (1991) were looking at inventors on granted patents.  Firestone (1971) 

surveyed the patentee (the individual inventor on unassigned patents and the assignee 

on assigned patents).  Tijssen (2002) surveyed inventors listed on patents assigned to 

business.  Rossman (1957) examined assigned and unassigned patents, surveying the 

inventor and, when listed, the assignee.   

 

Sirilli (1987), like Macdonald, investigated inventors listed on patent applications but 

Sirilli included applications which were assigned and as well as unassigned. 
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2.9.1 Methodology used in patent studies 

 

Table  2.4: Mail-out surveys of inventors listed on patents or patent 

applications 

    Method   
First author Year(s) of 

patent grant 
or application 

Time 
of 
survey 

Aim Country 
– patents 

Patent 
type* 

Surveyed 
populatio
n (No.) 

Rossman 
(1957) 

1938,1948 & 
1952a 

1956-7 To determine No. of 
patents in 
commercial use 

US Both Inventors 
(609) & 
Assignee
s (320) 

Firestone 
(1971) 

1957, 1960 & 
1963a 

1968-9 To examine the 
Canadian patent 
system and its 
users 

Canada Both Patenteee 
(1,930) 

Macdonald 
(1982; 
1984) 

1978c 1980-2 To describe the 
individual Australian 
inventor 

Australia Unassigne
d 

Inventor 
(601) 

Sirilli 
(1987) 

1981b 1983 To describe patents 
and their inventors, 
inventions and 
context of its 
development 

Italy Both Inventor 
(555) 

Amesse 
(1991) 

1978 & 
1983a 

1986 To describe the 
individual inventor, 
their inventions and 
its 
commercialisation 

Canada Unassigne
d 

Inventor 
(374) 

Tijssen 
(2002) 

1998-1999a,b -# To ascertain degree 
of science 
dependence of 
patents 

Europea
nor USg 

Assigned Inventor 
(93) 

       
 

NB inspiration for this table came from Table 1 by Amesse et al. (1991). 
* both = both assigned and unassigned (owned by inventor) patents 
# not indicated in the paper but probably in 2000 or 2001 (Tijssen 2002) 
a the year(s) patent was granted 
b the year(s) complete patent application was submitted 
c year of submitting provisional patent application (22% ended up with a granted patent) 

(Macdonald 1982; 1984) 
e patentee (patent owner) which is the inventor on unassigned patents (~7%) and rest were 

assignees on assigned patents (Firestone 1971) 
g At least one Dutch resident inventor on patent applications to the European Patent Office or 

patents granted in the US 
 

The majority of surveys were conducted in the late 1950s, 1960s and in the early to 

mid-1980s (Table 2.4) largely before the emergence of innovation as a major focus of 
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reseach.  Apart from Tijssen, who surveyed 93 inventors, all studies quoted here have 

good sample sizes, ranging from 374 to 1,930.   

 

Table  2.5: Method of mail-out surveys of inventors 

 Method continued    
First author Survey sample Response rate % medical patents 

(type) 
  (respondents/

mailout) 
(respondents
/[mailout – 
return to 
sender]) 

 

Rossman 
(1957) 

2,114 patents (~2% of 
all patents granted to 
US inventors) 

53% 
(112/211)# 

58% 
(112/[211-
18]) 

- 

Firestone 
(1971) 

All Canadian and 5% 
foreign patent holders 
(~10% of all patents 
granted in Canada for 
years of interest) 

34% 
(1,930/5,709) 

~ 50% (No. 
not given) 

7.4% (medicines & 
professional 
instruments) 

Macdonald 
(1982; 
1984) 

All individual inventors 
Australian on 2,646 
patent applications 

23% 
(601/2,646) 

27% 
(601/[2646-
393]) 

2.4% 
(pharmaceuticals) 

Sirilli 
(1987) 

1,850 patent 
applications by Italian 
inventors 

30% 
(555/1,850) 

- 8.4% 
(pharmaceuticals & 
medical 
instruments) 

Amesse 
(1991) 

All individual Canadian 
inventors owning 869 
patents 

37% 
(374/1,023) 

42% 
(374/[1,023-
136]) 

- 

Tijssen 
(2002) 

Listing at least 1 
inventor as based in the 
Netherlands on EPO 
application or USPTO 
granted patent 

55% (93/171) - 31% 
(pharmaceuticals, 
medicines & 
biotechnology) 

 

# response rate was only shown for pre-pilot study – whereas a total of 609 inventors were 
ultimately surveyed 

 

Despite good sample sizes, the response rates of the surveys ranged from 23% to 55% 

(Table 2.5).  The response for the proportion of surveys for which a correct address was 

found (by excluding the number returned to sender) ranged from 27% to 58%.  Despite 

such relatively low response rates, no attempt was made to contact non-respondents to 

exclude a significant selection bias.  Only Tijssen (2002: 512) seems to have attempted 

to contact non-respondents stating “A series of 12 follow-up interviews with a sample 

of respondents [sic] provided no evidence of such response biases” (Tijssen 2002: 512).  

However, the study failed to show any analysis to substantiate this statement.  Thus, 
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despite the initial samples being representative of their populations, the low response 

rate means that all studies are open to a significant selection bias.   

 

Apart from Tijssen (2002), with medical patents (n=29) making up 31% of patents in 

his sample, the remaining studies contained an estimated 2% to 8% medical patents.  

The exact proportions could not be determined as medical patents can be found in other 

categories.  For example, electro-medical equipment can be hidden in the “electronic 

technology” category. 

 

2.9.2 Results of patent studies 

 

Table  2.6: Results on commercialisation of mail-out surveys of inventors 

 Results: commercialisation process   
First author % licensed Technological innovations Cost 
  unassigned assigned Total  
Rossman 
(1957) 

- 42%* 58%* 54%* - 

Firestone 
(1971) 

12% 50% (p.130)# 50% (p.135)# 50% (p.99)# - 

Macdonald 
(1982; 
1984) 

10% 
(licensed or 
sold) 

- - - USD$117-585d 
(1981) 

Sirilli 
(1987) 

-  - - - USD$32,000e 
(late 1980s) 

Amesse 
(1991) 

8% (3% 
sold) 

43%b - 43%b USD$7,310f    
(late 1980s) 

Tijssen 
(2002) 

15%a - - 30%c  

      
      
 

* technological innovations defined as “patents used at any time”; and  
# technological innovations defined as “patents worked” or manufactured (Firestone 1971: 92) 
a derived from data provided in Table 1 (Tijssen 2002: 515) 
b 29% produced net positive earnings (net income after expenses) 
c this proportion is only documented for patents which became technological innovations 
d median AUD$100-500 converted to USD using the average conversion rate of 1.17 for first 
quarter in 1981 (OECD 1996a)  

e mean 
f adding two median values in Table 3 (Amesse et al. 1991) which equals CAD$8,500 and 
converting to US dollars using historical currency converter (Bank of Canada 2000) set for 2 
January 1990 (with CAD$1=USD$0.86).  (N.B. Amesse et al. (1991) do not include in their 
estimations the cost of the time spent by inventors on commercialising) 
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Work undertaken in the 1930s suggests that between 1% and 18% of patents are 

eventually used commercially (Rossman & Sanders 1957: 93).  Jewkes and colleagues 

(1962: 106) stated that “Perhaps 95 per cent of all patents have no commercial value at 

all”.  What is the commercial outcome of patents?  As seen in Table 2.6, between 8% 

and 15% of patents are licensed and 30% to 54% become technological innovations.  

However, there are slightly different definitions for technological innovations between 

the studies.  Rossman and Sanders (1957: 74) defined it as “patents used commercially”.  

Firestone (1971: 92) labelled it as “patent worked”, which he carefully characterised as 

a patent having been manufactured.  Rossman and Sanders (1957) found, as would be 

expected, that assigned patents have a greater commercial success (58%) than 

unassigned patents (42%).  Amesse et al. (1991) describe a similar lower success rates 

for their unassigned patents.  In contrast, however, Firestone (1971) found no such 

difference in Canada, with half of the patents being commercialised in each group.  This 

could be due to the huge proportion of foreign (mainly US) owned patents with possibly 

greater commercial value.  Overall, commercial utilisation of domestically owned 

patents is probably higher for those which are assigned than those which are 

unassigned.  This lends support to the idea, that assigned patents may have a higher 

commercial value.   

 

Only Amesse et al. (1991) attempted to properly estimate the commercial value of 

patents.  They looked at the percentage of patents profitably commercialised.  Their 

definition of profitability was “the proportion of all patented inventions which were 

commercialised and which produced net positive earnings (net income after expenses)” 

(Amesse et al. 1991: 20).  Overall, 43% of patents became innovations and 29% were 

profitably commercialised.  Unfortunately the paper did not describe the degree of 

profitability and or loss.   

 

The three studies (Table 2.6) which examined the cost of commercialising patents, 

found a relatively low cost for bringing the technology to market ranging from 

USD$117 in 1981 (Macdonald 1982) to USD$32,000 in the late 1980s (Sirilli 1987).  

Amesse et al. (1991) calculated both median and average commercialisation costs.  

They found an average amount of USD$89,81616 which is much higher than the median 

                                                 
16 Equal [CAD$31,061+73,376]*0.86 from Table 3 (Amesse et al. 1991) 
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amount of USD$7,310 (Table 2.6).  As they demonstrate in Table 3 of their article, the 

distribution of commercialisations costs are very skewed with most patents costing little 

to commercialise and a small number being very expensive to develop.17 

 

Table  2.7: Characteristics of inventors and their patents in mail-out surveys of 

inventors 

 Results: characteristic of inventor and patent 
First author Male Female Age % post-

graduate 
% granted 
> 2 
patents 

% foreign 
patent 
application

products : 
processes 

Rossman 
(1957) 

- - - - - - - 

Firestone 
(1971) 

99.6%
* 

0.4%# - - 64%c 64%d 71%:30%e 

Macdonald 
(1982; 
1984) 

96.5% 3.5% 45-49 
years 
(median) 

32%a 16% 28% - 

Sirilli 
(1987) 

98.4% 1.6% 46.5 
years 
(mean) 

78%b  42% 80%:20% 

Amesse 
(1991) 

98.9% 1.1% 40-54 
years 
(median) 

58% 45% 79%f 78%:18% 

Tijssen 
(2002) 

- - - - - - - 

        
 

* of patents listing only male inventors 
# patents listing female inventors 
a doctorate (3%), masters (2%), bachelor (12%) degree (Macdonald 1986: 202) 
b diploma (38%) and degree (39.5%) 
c only for individual inventors (not available for inventors on assigned patents) and includes 26% 

who are listed on 10 or more patents.  Most inventors are on foreign owned patents taken out 
in Canada. 

d calculated only for Canadian originated patents 64%= [987-348]/987 (Firestone 1971: 363) 
e patents incorporated both products and processes (10%), products only (61%), processes 

only (20%) and not indicated (9%) 
f Canadian patents extended mostly to the US (55%) and only 24% go beyond the US 
 

The most common inventor is a middle-aged man, with women only representing 0.4% 

to 3.5% of inventors (Table 2.7).  One third (Macdonald 1982; 1984) to 78% (Sirilli 

1987) of inventors have a postgraduate qualification.  This is a wide range and probably 

reflects fundamentally different samples of inventors.  Macdonald (1982; 1984) was 

looking at individual inventors on provisional patent applications, whereas Sirilli (1987) 

                                                 
17 Amesse et al. (1991) do not include in their estimations the cost of the time spent by inventors on the 

commercialisation process. 
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was looking at inventors on complete patent applications – not only unassigned ones but 

also assigned ones.  Macdonald’s sample represents less promising technology as only 

22% of provisional patent applications resulted in a granted patent (see footnote ‘c’ in 

Table 2.4).  This explains Macdonald’s finding of only 16% of inventors being granted 

multiple patents and 28% applying for a foreign patent application.  Whereas Amesse et 

al (1991), who were investigating patents granted to individual inventors, found 45% of 

inventors had been granted multiple patents and 79% ended up with a foreign patent 

application.   

 

Only Macdonald (1982; 1984) and Amesse et al. (1991) look at the qualification of 

inventors in detail – both examining individual inventors.  Macdonald finds 3% of 

individual inventors in 1981 have a doctorate, while others have a masters (2%) or 

bachelor (12%) degree (Macdonald 1986: 202).  Both found that inventors tend to 

possess qualifications in engineering (39% or 59%), science (24% or 36%) or health 

(5%) (Amesse et al. 1991).  Individual inventors in Canada (Amesse et al. 1991) and 

Australia  are usually self-employed (46% and 42% respectively).  In Canada, 47% are 

employed, although rarely employed as researchers (13%) (Amesse et al. 1991).   

 

Between 16% and 64% of inventors have their name on another patent.  The higher 

level found by Firestone (1971) reflects the enormous proportion of foreign rather than 

domestic patents applied for in Canada.   

 

Between 28% and 79% of patents have their protection extended abroad.  Canadian 

inventors tended to extend protection of their intellectual property across the border to 

the US which explains their high level of foreign patenting 64% (Firestone 1971) and 

79% (Amesse et al. 1991).  Italian inventors on the other hand, were less likely to 

extend their patent protection to other countries (42%) (Sirilli 1987).  This was most 

commonly extended to the US (18% of all Italian patents) and to European countries 

(11%).   

 

The proportion of patents that concerned products ranged from 71% to 80% and 

processes 18% to 30%, a fairly consistent ratio across the studies.  Only Firestone 

(1971) indicated that a proportion of patents covered products and processes 

simultaneously (10%).   
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Table  2.8: Proportion of patents that have become technological innovations 

as reported by inventors and assignees listed on the same assigned patent 

  Assignee replies 
 

 

  Patent used any time 
(innovation)

Rest*  

Inventor replies Patent used any time  
(innovation) 

62 (TP) 12 (FP)  

 Rest* 5 (FN) 57 (TN)  
  136# 
   

Sensitivity 
Specificity 
PPV 

 
= 62/(62+5) 
= 57/(57+12) 
= 62/(62+12) 

 
= 93% 
= 83% 
= 84% 

 

   
 

NB data for this table were derived from Table 10 in Rossman and Sanders (1957) 
Abbreviations: TP= true positive, FP = false positive, FN = false negative, TN = true negative, 

PPV = positive predictive value 
* includes “expected use”, “don’t know”, “never used” and one inventor who left this question 

unanswered 
 

An important question for this thesis is how reliable are inventors at indicating whether 

their patent became a technological innovation?  The paper by Rossman and Sanders 

(1957) may provide an answer.  They compared the responses from inventors and 

assignees on the same patent with regard to whether the patent had been “used at any 

time”.  Such patents are classified as having become technological innovations (Table 

2.8).  Combining data in “Table 10” (Rossman & Sanders 1957: 91) - this study 

demonstrates the sensitivity of an inventor saying that a patent became an innovation 

was 93% and the specificity of a negative response was 84%.  In other words, inventors 

on assigned patents tended to overestimate the proportion of patents that became 

innovations, but if they said it had not become an innovation they were rarely wrong.  

All in all, for this subset of surveys, inventors stated that 54% (=74/136) of patents had 

become innovations whereas assignees indicated that 49% (=67/136) had.  Assuming 

that the reply of assignees is a reliable criterion, it would be fair to conclude that 

inventors gave a reliable indication of the proportion of patents that had become 

innovations (Rossman & Sanders 1957: 92).   

 

Firestone (1971) found the median duration of manufacture was 5 – 9 years.  Over 1 in 

5 foreign owned patents is manufactured for 10 or more years.  These figures are for 
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patents registered in Canada in 1957, 1960 and 1963.  Today the median duration of 

manufacture is probably much shorter.  For example, the average duration of 

manufacture of a personal stereo in the period 1980-1989 (like the Sony Walkman) was 

1 to 2 years (Sanderson & Uzumeri 1995: 767).   

 

The vast majority of patents (98% to 99%)18 that end up as innovations become so 

within 5 years of the patent being granted (Firestone 1971: 348-349). 

 

Firestone (1971) found that inventors with more business and patenting experience were 

more likely to see their invention through to an innovation.  They were also more likely 

to make a profit.   

 

In terms of examining the determinants of innovation, after having assessed study 

design, the next most important step is to inspect the strength of the association between 

determinant and outcome of interest, namely innovation.  However, this cannot be done 

as these studies have only presented descriptive data and not tested any strength of 

association by undertaking a comparative analysis between patented innovations with 

patents that had not become innovations.  Thus, the consistency of association between 

the surveys of inventors described here could not be assessed.  There is one exception.  

The Canadian team (Dagenais, Séguin-Dulude & Desranleau 1991) went on to examine 

the determinants of innovation.  They did this by undertaking multivariable analysis 

using a doubly-nested probit – a technique similar to logistic regression used in this 

thesis.  The analysis by Dagenais et al. (1991) suffers from having just focused on 

individual inventors on unassigned patents rather than all inventors.  The main focus 

was to examine the characteristic of the inventor rather than investigate the 

commercialisation process in detail.  They showed that individual inventors were more 

likely to have turned their technology into an innovation, if they: 

- were under the age of 60; 

- were listed on more than one accepted patent; 

- had fewer years of schooling; 

- were self-employed;  

- were not employed in a research unit; 

                                                 
18 98%=2,700/2,742 was calculated from Table 7 (Firestone 1971: 348) and 99%=8,676/8,723 was 

estimated from Table 8 (p.349). 
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- who had an income over CAD$30,000; and  

- had used a patent agent. 

 

The venture capital and business development literature highlights the importance of 

drafting a business plan, undertaking market research and making a prototype while 

commercialising technology (e.g. Hsu & Bernstein 1997; Muir 2000).  It also values the 

involvement of people with business experience and prefers such people to inventors to 

be running the commercialisation process.  However, none of the studies reviewed 

above assessed these potential determinants of innovation for patents.  Such exploration 

of the commercialisation process for patents is a major focus of the survey of medical 

inventors (Chapter 5). 

 

In conclusion, it appeared that inventors were overwhelmingly male, with one third 

devoting most of their time to inventive activity, and with most having a tertiary 

qualification; either a degree or diploma.  None of the studies formally evaluated for 

selection bias arising from relatively low response rates by contacting non-respondents.  

This reduces the generalisability of results, however, the consistency of findings 

suggests that they may be fairly representative unless the selection bias was of the same 

magnitude and direction in all studies.  Other than Dagenais et al. (1991), who 

examined the characteristics of inventors on unassigned patents, none of the studies 

attempted to identify the determinants for patents to become technological innovations.   

 

The surveys of inventors have not been repeated to demonstrate the changes that occur 

in the same country over time.  Many studies have attempted to estimate the proportion 

of patents that become innovations using different definitions for commercial outcome.  

They have demonstrated that 30% to 54% become innovations, thus, highlighting the 

fact that domestic patents have significant commercial potential.  However, none has 

attempted to estimate the value of sales for these innovations.  Little is known about 

Australian medical inventors or about how successful they are at converting their 

patents into products or processes.  In addition, none of the reviewed studies examined 

the commercialisation process from a qualitative aspect, such as through 

complementary case studies.   
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2.10 BACKGROUND ON AUSTRALIA IN RELATION TO MEDICAL 

INNOVATIONS 

 

This section summarises the description of the Australian context detailed in Appendix 

10.4.  It focuses on issues relevant to commercialising Australian medical patents.  

Specifically it depicts the Australian economy, R&D investment, patenting rates, the 

Australian medical industry and innovation policies of Australian governments. 

 

Australia is a resource-dependent economy dominated by mining and agriculture.  It has 

had strong economic growth in the decade to 2000 with 4% annual growth in GDP 

(OECD 2001b).  This was accompanied by annual growth of 7.8% in Australia's exports 

in goods (Department of Foreign Affairs and Trade 2001).  Devaluation of the 

Australian dollar to record low levels, helped to increase exports and reduce imports.  

The favourable macroeconomic environment partly reflects policy reforms of the last 20 

years including reduction in tariffs placed on imports (OECD 2001b). 

 

However, there are a number of concerns about Australia’s economic horizon, 

including: 

- the rise in Australia’s foreign debt from 1% to 48% of GDP from 1976 to 2001 

(ABS Cat. No. 5206.0 and 5302.0 (Australian Bureau of Statistics 2002a)); 

- the weakness of the Australian dollar, not only against the US dollar but also the 

Euro and other currencies, which is thought to be due market disquiet about 

Australia’s foreign debt and market perceptions of Australia as an “old 

economy”, dependent on mining and agricultural exports; and 

- a fall in Australia’s balance of trade – which since 1983 has generally been a 

deficit (Australian Bureau of Statistics 2001b).   
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Source: (Commonwealth of Australia 2002)  
ETMs = elaborately transformed manufactures 
 

Figure  2.4: Total export volumes for Australia, 1985-6 to 2000-01 

 

Since the mid 1980s, Australia has experienced a modest shift away from commodities 

to a more diverse export base (Figure 2.4).  Despite a steady fall, commodities still 

dominate Australia’s export - falling from 67% to 52% in the financial years 1985 to 

2000.  The main drop has been in rural commodities declining from 29% to 18%, while 

non-rural (mining) commodities have reduced slightly from 38% to 34% but remain the 

dominant export.  The export share of elaborately transformed manufactures (ETMs) 

improved steadily over the past 15 years, rising from 8% to 19% for the financial years 

1985 to 2000.  Services, which include tourism, account for just over 20% of 

Australia’s exports in this period. 

 

What about the Australian context from a medical perspective?  Australia’s medical 

research is world class but Australia is thought to be a poor performer by the standards 

of other Western countries when it comes to transforming this research into commercial 

reality (CEDA 1992; Wills 1999).  Interest in harnessing the economic value of medical 

technology conceived and created in Australia has been growing (Biotechnology 

Australia 1999; Wills 1999; Johnston, Matthews & Dodgson 2000; National Innovation 

Summit 2000).  

 

Australia represents 0.3% of the world’s population but produces 2.5% of the world’s 

health and medical research output (Wills 1999).  Overall Australia conducts 2% of the 

world’s scientific research but only accounts for 0.5% of the world’s patents granted in 
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the US (Narin, Albert, Kroll & Hicks 2000).  The quality of Australia’s medical 

research is arguably fertile ground for growing a medical industry, yet its industry is 

small.  Australia’s medical industry is: 

- small and accounts for a maximum of 4% of Australia’s export in goods; 

- composed of medical suppliers rather than manufacturers; 

- it is overwhelmingly owned by foreign companies who undertake their R&D in 

their home country; 

- made up of sectors with usually one or two large exporting companies and one 

or two promising SMEs which are vulnerable to take-over by multinational 

corporation or to moving overseas to be closer to their major markets in Europe 

or the US. 

 

Australia has a growing trade deficit in medicinal and pharmaceutical products which 

was over AUD$1 billion in 1996-97 and is expected to grow with the increased aging 

and expectations of the Australian population (Wills 1999).  Australia overall has a 

growing trade deficit in high technology goods which if not reversed is thought to lead 

to a drop in living standards (Marceau, Manley & Sicklen 1997).   

 

Commentators and academics have articulated that for Australia to reverse its growing 

foreign debt and trade deficit in high technology goods, it needs to improve its record 

on innovation especially in the more profitable high technology industries.  Despite the 

world-class quality of Australia’s medical research, the country has a reputation of 

being poor at translating its research into patents (Wills 1999) let alone into products.  

Despite recent industry and government reports, and policy efforts Australia’s medical 

industry is small with a low though rising level of exports of medical goods.   
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2.11 CONCLUSION OF LITERATURE REVIEW 

 

Numbers serve to discipline rhetoric.  Without them it is too easy to follow flights of 

fancy, to ignore the world as it is and to remold it nearer the heart's desire. 

Ralph Waldo Emerson (1803-1882)19 

 

The purpose of this thesis is to identify the determinants of innovation for patented 

medical technology.  The theoretical framework for outlining these determinants of 

innovation is the systems of innovation approach.  

 

Research into the systems of innovation has grown exponentially in the last 15 years.  

The first use of this concept was by Freeman (1987) under the banner of national 

innovation systems.  Systems of innovation is still a young framework first described by 

Edquist (1997b).  The approach is still evolving with broad areas of agreement but 

persisting conceptual and definitional variation, create ongoing theoretical and 

empirical methodological challenges.  Its theoretical weaknesses include: 

- varying definitions for systems of innovation leading to a lack of an agreed 

method for its evaluation, differing with regard to determinants and outcomes to 

be measured and tested; and  

- shifting definitions of institutions, and hence, differences in the perceived role of 

institutions.   

 

The systems of innovation framework is a powerful tool for examining factors that 

influence innovation within firms, whether they be within a nation, a region, a 

technological or industry sector.  Most of the focus has been on firm-based 

technological innovations, namely new products and processes, with some interest in 

the organisational structure of firms.  More attention is being shown in the institutional 

environment in which firms find themselves and the “norms, rules and laws” that guide 

interaction between humans.  However, there is no robust taxonomy to examine the 

institutional environment within any of the systems of innovation, and therefore, its 

                                                 
19 Cited in http://bedward2000.tripod.com/Commentary/Quotes1.htm [23 August 2003] 
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empirical examination has been limited to specific institutional factors rather than 

encompassing the whole milieu.   

 

Assuming that the studies investigating the source of innovation are representative of 

empirical research undertaken under the systems of innovation framework, it would be 

fair to say that the empirical analysis has not examined the determinants of innovation 

using robust methodologies.  In particular, most studies are not designed to test 

causality being descriptive and rarely analytical in design.  Descriptive studies can 

generate hypotheses or possible determinants of innovation but are unable to test 

causality.  Even in terms of generating hypotheses, these descriptive studies are often 

not representative of a population and are open to bias, especially selection bias due to 

low response rates.  The greater the bias, the less generalisable the results and the less 

use they are for developing a generally applicable theory on innovation.   

 

One of the weakest aspects of the literature in systems of innovation research is the lack 

of discussion on the strength of the causal link between determinant and outcome.  This 

weakness extends to issues of study design, the role of the chosen outcome variable and 

a lack of a set of criteria to determine causation.   

 

The more rigorous analytical study designs are rarely employed within systems of 

innovation.  A comparative analysis is required to test the strength of association 

between a determinant and innovation (outcome).  Outside randomised controlled trials, 

such comparative analytical studies include:  

- case control studies (comparing determinants between successful and 

unsuccessful innovations); and  

- cohort studies where the determinant is measured before the occurrence of an 

innovation.  

 

As most empirical studies examining systems of innovation are poorly designed for 

determining causality, there has not been a need to develop a robust set of criteria for 

causation (as outlined in Section 2.5.10).   

 

The field of innovation systems research is faced with a dual challenge.  On the one 

hand, there is a need to build theoretical models that adequately reflect the complexity 



 

 

94

of the innovation process.  On the other hand, to remain a viable empirical science, it 

must rigorously evaluate these theories using study designs that fully capture this 

complexity and rigorously test the causal relationship between determinants and 

innovation.  The degree to which the study designs fail to correspond to the theoretical 

models undermines the ability to test the conceptual framework for systems of 

innovation. 

 

There are a number of models of innovation; most are focused upon innovation 

processes within a firm, and few concentrate on the determinants of innovation outside 

firms.  In particular, they omit or have a fragmented approach to institutions.  Some 

describe causal processes leading to innovation but have not had their assumptions 

tested in a robust manner.  Others are anatomical maps of factors thought to influence 

innovation.  Most models do not incorporate a method for measuring their performance 

such as by using input-output techniques.  Even if inputs and outputs have been 

measured, this is usually adopting a fragmented rather than a holistic approach.  Thus, 

no model has been created that measures the performance of systems of innovation in a 

manner comparable to macroeconomic assessments of the economic performance of 

countries. 

 

A particular challenge is to examine micro level occurrences and estimate their impact 

at the macroeconomic level.  Given that innovation is central to economic growth, how 

do the activities of all innovators within a nation impact on this important aspect of the 

economy?  In this thesis the determinants of innovation for medical patents are 

examined along with their economic impact in terms of duration of manufacture and 

value of sales (Section 5.4.5).  There is also a brief discussion linking these innovation-

specific outcomes to macroeconomic data, especially medical exports for Australia 

(Section 7.3.5). 

 

The literature review demonstrates the importance of innovation for long-term 

economic growth and the growing economic importance of high technology industries, 

especially medical industries producing pharmaceuticals, biotechnology products and 

medical devices.  These industries are amongst the most profitable industries in the 

world and are extensive users of patents as a way of protecting their intellectual 

property and leveraging higher profits through the monopoly that they provide.  Thus, it 
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was thought that surveying inventors on medical patents may provide a viable means to 

examine their determinants for becoming technological innovations. 

 

However, no study has systematically attempted to identify the determinants of 

innovation for a nation’s medical technological innovations, whether patented or not.  

Usually they have been examined as an incidental or small subset of patents.   

 

Most research on innovation has been conducted at the national (macro) or industry 

(meso) level, and from the standpoint of companies and organisations (micro level).  

There is very little research that examines system of innovation from the viewpoint and 

experience of inventors trying to commercialise their patented inventions and to 

generate technological innovations.  A small number of surveys have identified 

inventors listed on patents, and have questioned them with regard to their 

commercialisation experience.  However, worldwide no study has specifically examined 

the commercialisation of medical patents.  These studies were conducted in a time when 

innovation research was not existent or in its infancy, and hence, none examined it 

through the lens of innovation systems.   

 

These surveys of inventors listed on patents entail a number of design weaknesses, 

especially potential selection bias due to relatively low response rates and a lack of 

following up non-respondents.  Thus, these surveys cannot be deemed to involve a 

nationally representative group of inventors.  Furthermore, only one study examined the 

determinants of innovation.  However, this study only looked at the characteristics of 

individual inventors on unassigned patents.  It did not investigate the commercialisation 

process.  It also failed to survey inventors on assigned patents, thereby missing out on 

the experience of the majority of inventors whose patents are owned by business, 

university, government or other organisations.   

 

In summary, little is known about the determinants of innovation for patents, let alone 

medical patents.  No studies have investigated these determinants for a validated 

nationally representative sample of inventors on patents.  This thesis is interested in 

empirically examining patented Australian medical inventions and the process of 

becoming technological innovations, thereby identifying their innovation determinants.   
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In conclusion, the main purpose of systems of innovation research is to identify the 

determinants of innovation.  However, little deductive empirical work has been done 

using analytic designs to investigate the determinants of innovation and, outside of one 

narrowly focused study, does not appear to have been conducted for patented 

technology.   
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3. RESEARCH OUTLINE 

 

In trying to evaluate the innovative potential of a firm, an industry, a region or a nation 

..., no single perspective seems to be a sufficient guide. 

Rather a series of different analytical lenses gives a better overall picture. 

Jane Marceau (1994: 3-4) 

 

This chapter outlines the main research questions and the three studies undertaken to 

address these.   

 

3.1 AIMS OF RESEARCH 

 

The main research question of this thesis is: What are the determinants of innovation for 

Australian medical patents granted in the US?  The ensuing aims are: 

- to identify and describe medical patents granted to Australian inventors in the 

US; 

- to survey and describe their inventors and their experience at generating medical 

technological innovations; 

- to ascertain the source of these medical patents; 

- to identify the determinants of innovation through a comparative analysis 

between patents that become innovations with those that do not; 

- to isolate the most important determinants through multivariable analysis;  

- to complement this quantitative analysis through a qualitative case study of a 

medical invention called the VenousAid Stocking;  

- to examine the relevance of various models of innovation in the light of the 

survey and the case study; and 

- to retrospectively investigate the role of institutions in generating technological 

innovations in these studies. 

 

This thesis initially started to examine the determinants of innovation for patented 

medical technology without a focus on the effect of institutions.  With the growing 

interest in the role of institutions since 1995 (Edquist & Johnson 1997; Edquist 2001), 



 

 

98

this thesis afforded the unique opportunity to retrospectively examine their influence on 

the process of generating innovations.   

 

The hypotheses related to these aims are outlined for each study at the beginning of 

their respective chapters. 

 

3.2 DESCRIPTION OF RESEARCH 

 

Three empirical studies were undertaken in this thesis in order to address the 

aforementioned thesis aims.  These include: 

- a description of medical patents granted to Australian resident inventors in the 

US in 1984-1999; 

- a survey of the Australian inventors listed on these medical patents granted in 

1984-1994 to assess their experience in commercialising their patented 

inventions into innovations; and  

- a case study analysing the commercialisation of an invention called the 

VenousAid Stocking made by a team of inventors from the University 

Department of Surgery at Fremantle Hospital in Western Australia.   

 

In addition, through the process of appreciative theorising, the findings from these 

empirical studies were used to further examine systems of innovation, especially the 

role of institutions and the significance of innovation models. 

 

Description of Australian medical patents granted in the US in 1984-1999  

 

The study focuses on all utility patents granted in the United States to Australian 

residents.  As discussed in Section 2.8, these patents are considered the most important 

subset of Australian patents internationally.   

 

Electronic data on all 4,707 utility patents granted in the US from 1984 to 1994 and 

listing Australian resident inventors was obtained from the Centre for Research Policy, 

University of Wollongong in 1996.  As shown in Figure 3.1, all first-named inventors 

on these patents formed the sample for the survey of medical inventors undertaken in 
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1997-1998 and described below.  In 2000, in order to bring the patent data up to date for 

publication (Mattes & Stacey 2001), patents for the years 1995-1999 were added from 

patent databases on the internet (Figure 3.1).  A copy of this publication is provided in 

Section 9.5.  As a result of this update, this study became a population-based descriptive 

study of 7,835 patents granted in the US in 1984-1999 to inventors resident in Australia.   

 

      

Years 1984-1994 1995-1999 Total   

No. of US patents 
listing Australian 
inventors 

4,707 3,128 7,835

 
 

No. of medical 
patents (% of all 
patents) 

602 (13%) 706 (23%) 1,308 (17%)  

Description of 
US medical 
patents listing 
Australian 
inventors 
(Chapter 4) 

   

No. of first-named 
Australian inventors 

402   

  

 Survey of 
Australian 

medical 
inventors 

(Chapter 5)

Respondents to mail-out survey 
Respondents to phone survey 
Non-respondents 
Correct address not found 

n= 137 
n=   40 
n=   97 
n= 128

 

Figure  3.1: Medical patents granted in the US to Australian resident inventors 

and used in this thesis for the descriptive study and the survey of medical 

inventors  

 

Using the definition for medical patents described in Section 2.4, the 7,835 patents were 

manually searched and 1,308 (17%) medical patents were identified of which 37% were 

biotechnology patents.  The technology on the patents was described, and a comparison 

was made with non-medical patents to identify any unique features of medical patents.  

This is outlined in Chapter 4. 

 

Survey of Australian inventors listed on medical patents in the US in 1984-1994 
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In this survey (described in Chapter 5) the primary aim was to identify the determinants 

of innovation for these Australian medical patents.   

 

As seen in Figure 3.1, the survey involved 402 first-named medical inventors from 

Australia identified on a subset of 602 (13%) medical patents granted in the United 

States between 1984 and 1994.  The survey included 274 inventors for whom the 

correct address was found on the patent, in Australian telephone directories or on the 

internet.  Half of these inventors responded to the initial and follow-up mail-out survey.  

To examine for selection bias, a random sample of 29% (40/137) of non-responding 

inventors were contacted by phone and agreed to be surveyed - giving a total of 177 

surveyed medical inventors.  The overall response rate was 65%.  

 

The inventors were asked about their educational and employment profiles, and the 

source of the patented intellectual property and how far down the path of 

commercialisation they had travelled (see survey instrument in Appendix 10.9).  They 

were also asked whether the technology ended up being manufactured, and if so, what 

the sales were.  If a patent ended up as a marketed product or service or used in a 

production process it was defined as a medical technological innovation.  The final 

questions focused on local and national issues and what factors assisted or impeded in 

the commercialisation process.   

 

A nested case-control study identified the determinants of innovation for patented 

medical technology from the inventor’s perspective.  This compared survey responses 

of inventors who created a technological innovation (cases) with those that did not 

(controls).  Logistic regression analysis identified the most important determinants of 

innovation.  To avoid confounding by the commercialisation process itself, the focus of 

this analysis was on determinants early in the commercialisation process. 

 

These results provided an opportunity to examine the relevance of various models of 

innovation and the role of institutions in generating medical technological innovations.  

The survey also generated ideas for improving the commercialisation of medical 

technology in Australia including recommended changes to government policy on 

education, research, industry and foreign policy which are formulated and outlined in 

Appendix 10.1. 
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The case of the VenousAid stocking 

 

A unique opportunity was available to undertake a case-based study using qualitative 

research methods to examine the commercialisation of an invention called the 

VenousAid Stocking.  The device was developed in the University Department of 

Surgery at Fremantle Hospital in Western Australia.  The original concept, which 

eventually led to the VenousAid Stocking, was created and provisionally patented by Dr 

Don Hicks, Associate Professors Bill Castleden and Michael Stacey in 1992.  Professor 

Stacey and I further refined and attempted to commercialise the invention, with two 

provisional patents being taken out in 1997 and 1998.  This case (presented in Chapter 

6) examined the process of commercialising the VenousAid Stocking from the unique 

perspective of participant observation.  The virtues of such a case study approach 

(Kennedy 1979), especially in conjunction with quantitative studies, have long been 

documented in the literature (Keen & Packwood 1995; Davis 1998) but have rarely 

been performed.   

 

A prototype of the VenousAid Stocking was made and tested on 15 patients with known 

venous disease at the Leg Ulcer Clinic at Fremantle Hospital.  As there was no standard 

method for assessing venous function while patients were walking, a method was 

developed to do this while patients were walking on a treadmill.  Venous function was 

assessed using digital photoplethysmography (D-PPG) and air plethysmography (APG).  

A Swiss multinational firm Salzmann AG agreed to further develop the invention in 

1997 and made a prototype of the Stocking which was tested using our unique 

ambulatory method.  After 6 months, however, Salzmann AG decided to discontinue 

development because of design difficulties that they had encountered and because of 

anticipated problems with marketing.  Smith & Nephew Research Ltd, a UK based 

multi-national company, was approached.  After considering the device for 2 months 

the company declined to undertake further development as they were developing their 

own related technology.  This case study enabled further analysis of the Australian 

environment for developing medical prototypes. 

 

It allowed for the examination of nuances of the commercialisation process that were 

missed or not fully explored in the survey of medical inventors.  Even though a 
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complete patent application was not submitted in Australia or in the US, this case 

helped to paint a subtler picture of the commercialisation process and was valuable in 

permitting the examination of the impact of institutions on the commercialisation 

process.  It also afforded the chance to examine the relevance of various models of 

innovation as related to our invention.   

 

Appreciative theorising and recommendations for Australia 

 

Based on the empirical evidence from this thesis, a number of new and improved 

empirical approaches to investigating systems of innovation are proposed in Chapter 7, 

including: 

- methods for measuring human capital and the creation, diffusion and use of 

knowledge; 

- a taxonomy of institutions;  

- a resource framework for inputs into systems of innovation based on human, 

financial, physical and social capital and natural resources; and 

- a new definition for systems of innovation.   

 

The thesis concludes by coalescing these findings into a new model for systems of 

innovation called “the necklace model” with institutions positioned as its metaphorical 

“clasp”.  Possibilities for further research are discussed building on the empirical 

findings and appreciative theorising.   

 

In Appendix 10.1, a series of suggestions are made arising from this thesis to improve 

the commercialisation of patented Australian medical inventions, including fostering 

Australia’s high technology industries. 
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4. DESCRIPTION OF AUSTRALIAN MEDICAL 
PATENTS GRANTED IN THE UNITED STATES IN 
1984-1999 

 

4.1 INTRODUCTION 

 

The objective of the study outlined in this chapter is to describe all medical patents 

granted in the US to Australian-resident inventors between 1984 and 1999.  This 

chapter, as does the remainder of the thesis, principally follows the IMRAD format – 

Introduction (including aims and hypotheses), Methods, Results and Discussion 

(Richters 1998). 

 

4.2 AIMS AND HYPOTHESES 

 

The aims of this study are:  

- to see whether Australian medical patents could be identified on the US patent 

database;  

- to describe the trends in patenting for the period of the study, namely from 1984 

to 1999; 

- to compare medical and non-medical patents to see whether there were any 

significant differences; 

- to describe the inventors and assignees (owners) listed on Australian medical 

patents; 

- to identify the technology and clinical application of medical patents; and 

- to examine whether medical patents could be readily identified using the 

International Patent Classification (IPC). 

 

The associated hypotheses are that Australian medical patents:  

- could be identified on the US patent database; 

- would represent a rising proportion of all Australian patents for the study period 

from 1984 to 1999; 
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- (on the assumption that they represent high technology) would involve more 

inventors, more international collaborations, a higher proportion being assigned 

and were more likely to come from universities compared to non-medical 

patents; and 

- could be readily identified using the International Patent Classification (IPC). 

 

4.3 METHODS 

 

This section outlines the study design, sources of data and selection and categorisation 

of medical patents. 

 

4.3.1 Summary of research design 

 

The present study is a descriptive population-based study of patents granted in the US to 

Australian resident inventors between 1984 and 1999.  It is a population-based study 

from an Australian perspective, as it covers all such Australian patents registered in the 

US.  As highlighted in the literature review in Section 2.8, these US patents are 

arguably the most economically important subset of Australian patents overseas.   

 

4.3.2 Sources of data 

 

An electronic database has been created for this study comprising all 7,835 patents 

granted in the US to Australian resident inventors for the period 1984-1999.  The patent 

data for 1984-1994 was kindly provided to the study by Professor Tim Turpin and Dr 

Sam Garrett-Jones from the Centre for Research Policy at the University of Wollongong 

(Garrett-Jones & Aylward 1995).  This patent data was compiled by the CHI Research 

Inc’s Techline database in the US.20  They provided an electronic file in text format.  In 

order to analyse the data, this file was converted by Census Applications Pty Ltd in 

Sydney (501 Concord Road, Rhodes NSW 2138) to a column format in Microsoft Excel 

                                                 
20 CHI Research Inc is a research consultancy founded in 1968 in the US, specialising in the development 

and analysis of technology and science indicators (http://www.chiresearch.com/ [14 October 1999]) 
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(Microsoft Co. 1994).  In early 2000, the patent database was updated for the years 

1995-1999 from the US patent database on the Community of Science website 

(http://patents.cos.com/ [10 July 2000]).  Ms Christine Porter, Manager of the European 

and Commonwealth Office, Community of Science kindly allowed free access to the 

US patents on their website.  It is important to note that both these sources of patent 

data originated from the US Patent and Trademark Office (USPTO).  Our patent 

database contained the following information relevant to this study for each patent: 

- year of patent being granted; 

- US patent registration number; 

- title of patent; 

- all listed inventors and their country of residence; 

- all listed assignees and their country of residence;  

- number of citations of scientific literature in the patent; and 

- all listed subclasses of the International Patent Classification (IPC) to a 

maximum number of 4. 

 

When required for classifying patents, the patent abstracts or full patents were examined 

on the internet (using the US patent registration number) at either: 

- the US Patent and Trademark Office (USPTO) Web Patent Database Centre 

(http://www.uspto.gov/patft/index.html [7 February 2000]); or 

- the IBM Intellectual Property Network which was initially known as the IBM 

Patent Server (http://patent.womplex.ibm.com/ [7 February 2000]).   

 

4.3.3 Selection of medical patents 

 

The definition of medical technology in the literature review (Section 2.4) was used as a 

guide to selecting medical patents, as there are no published guidelines for their 

selection.  This meant patents were selected if they described technology that is 

primarily used in the diagnosis, therapy, rehabilitation, prevention and research of 

disease (excluded dental technologies).  A medical patent included technology used for: 

- ophthalmology and optometry; 

- preventing illnesses such as sunscreen lotion (which prevent skin cancers); and 

- medical research such as biotechnology related to humans.   
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Generic technologies used in other fields, such as information technology, were 

excluded.  

 

Patents were classified as being “medical”, “possibly medical” or ”non-medical” after 

reading the title and the names of assignees (owners).  In order to clarify whether 

patents labelled as ”possibly medical” were “medical” or not, they had their abstracts, 

and if necessary the complete patent, examined via the internet at the aforementioned 

patent databases.  All patents ultimately identified as “medical” will be referred to as 

medical patents. 

 

4.3.4 Categorising medical patents 

 

After the medical patents had been selected, they were categorised according to: 

- clinical discipline in which the technology would be used; 

- possible clinical application of the technology; and  

- type of medical technology. 

 

4.3.5 Describing inventors 

 

In order to describe the medical inventors on patents, they were sorted alphabetically in 

Microsoft Excel (Microsoft Co. 1997).  This list was checked for spelling errors, which 

were corrected.  The mean and median number of inventors per patent was calculated as 

a measure of collaboration on medical and non-medical patents.  The number of patents 

for individual inventors was also calculated and the most prolific inventors were 

identified.   

4.3.6 Categorising assignees 

 

The names of assignees were sorted and their spelling corrected as outlined for 

inventors above.  Similarly, the mean and median number of assignees per patent was 

calculated as a measure of collaboration.   
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The assignees of both medical and non-medical patents were categorised into business, 

university, government, Commonwealth Scientific and Industrial Research Organisation 

(CSIRO), research institute, non-government organisation (NGOs), technology transfer 

organisations, and individual.  Categorising into university, research institute, 

government, NGO and individual was straightforward and most could be done using 

just the name of the assignee.  Occasionally, when there was uncertainty in categorising 

these assignees, a search was made on the internet using the search engine Dogpile.21  

This way, if a website mentioned the name of an assignee it could be quickly identified 

and the assignee categorised.   

 

When identifying technology transfer offices specific searches were made of: 

- Australian university websites through the Australian Vice Chancellors' 

Committee’s list of Australian Universities WWW Servers at 

http://www.avcc.edu.au/avcc/uniwebs.htm [10 July 2000]; and 

- the Association of University Technology Managers (AUTM), which is a non-

profit association of intellectual property professionals from universities, non-

profit research institutions, and teaching hospitals worldwide.  Their website 

was searched at http://www.autm.net/ [10 July 2000]. Unfortunately at the time 

there was no similar site just dedicated to Australia. 

 

The assignees named with “Pty Ltd”, “Ltd”, “Corp”, “Inc”, “N.V.” (“naamloze 

vennootschap” Dutch for limited liability company), “AG” (“Aktiengesellschaft” 

German for public limited company) and “GMBH” (“Gesellschaft mit beschraenkter 

Haftung” German for private limited company), unless found on internet searches to 

belong to another category, were categorised as a business. 

 

4.3.7 Analysis of data 

 

The data was stored, tabulated and graphed in Microsoft Excel version 5.0a (Microsoft 

Co. 1994) and later in version 97 SR-2 (Microsoft Co. 1997) and statistical analysis was 

conducted using SPSS for Windows version 8.0 (Norusis 1997).  The Chi-Square test 

                                                 
21 Dogpile integrates several web search and index guides into a single service and includes, for example, 

Yahoo, AltaVista, Infoseek, and RealNames (http://www.dogpile.com/ [6 August 2000]).   
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was used to compare independent proportions.  If an expected frequency was less than 

5, Fisher’s exact test was performed.  The Mann-Whitney U test was used to compare 

the medians of two independent groups where observations in at least one group were 

not normally distributed. 

 

4.3.8 Ethical issues 

 

All the information, including the names of inventors and companies, on the patent 

database used by this study is publicly available on numerous patent bibliographic 

database including those described above.  



 

 

109

 

4.4 RESULTS 

 

This section examines the temporal trends in patenting by Australians in the US for 

1984-1999, and compares the characteristics of medical and non-medical patents, before 

describing the medical patents in detail including their possible clinical application.  

Finally, the International Classification of Patents (IPC) was assessed to see whether it 

would be a more convenient way to identify medical patents. 

 

4.4.1 Classifying Australian patents 

 

Between 1984 and 1999, there were 7,835 patents granted to Australian-resident 

inventors in the US.  After reading the title and assignee names of these patents, 9% 

(673/7,835) were classified as “medical” and 35% (2,767/7,835) as ”possibly medical”.  

All patents classified as “possibly medical” had their abstracts examined on patent 

databases on the internet, with 11% (869/7,835) requiring the full patent to be read.  In 

the end, 1,308 (17%) of Australian patents registered in the US were classified as 

“medical”.  Of these, 489 (37%) were biotechnology patents. 

 



 

 

110

 

4.4.2 Trends in patenting by Australians in the US for 1984-1999 

 

The annual number of patents granted in the US to Australian-resident inventors in 

1984-1999 more than doubled, rising from 310 to 800 (Figure 4.1).  During this 16 year 

period, the proportion of medical patents rose from 10% (31/310) to 25% (202/800) of 

all Australian patents registered in the US.  The dip in the frequency seen from 1989 to 

1993 parallels the time of the Australian economic recession.  Interestingly, the rate of 

medical patenting seemed to be less affected.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4.1: The annual number of patents granted in the US to Australian 

resident inventors including the number of medical and medical biotechnology 

patents 
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Biotechnology accounted for an increasing proportion of medical patents rising from 

10% (3/30) to 55% (112/202) over the same period.  As seen in Figure 4.2, 

biotechnology has been the reason why medical patents have continued to increase, as 

the proportion of other medical technology has tended to fall since 1993. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4.2: Annual medical and medical biotechnology patents as a proportion 

of all US patents granted to Australian resident inventors in 1984-1999 
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4.4.3 Comparing medical and non-medical patents 

 

This section compares the characteristics of medical and non-medical patents.  It 

focuses on inventors, assignees, degree of international collaboration and publications 

cited by patents. 

 

4.4.3.1 Inventors 

There are a total of 3,270 inventors listed on the 1,308 Australian medical patents 

(Table 4.1).  Using the software package Excel to sort the inventors alphabetically, a 

total of 1,878 different named inventors are listed on medical patents.  However, after 

checking through this list and correcting for differences or errors in spelling, there are 

1,785 different inventors.  In other words, 5% of medical inventors had their names 

either misspelt or spelt differently on the US patent database.   

 

Table  4.1: Number of inventors on medical and non-medical patents registered 

in the US for 1984-1999 

 Medical patents Non-medical patents Total 
Patents 1,308 6,527 7,835 
 
Inventors 

 

- No. listed 3,270 11,127 14,397 

- No. of individuals* 1,878 7,461 9,218# 

- No. of individuals after checking for 
errors in names 

1,785 7,092a 8,744# 

- % misspelt 5%b  
 
* the names of the inventor’s had been standardised to surname, first name, second initial 
# not equal to the sum of inventors on medical and non-medical patents as some inventors are on both 

types of patents, which turned out to be 133 inventors after checking for spelling errors in names. 
a this was estimated assuming a similar 5% difference in spelling as for medical inventors. So from the 

7,461 initial list of non-medical inventors, it was estimated that there were 7,092 {= 7,461*(1,785/1,878)} 
individual non-medical inventors. 

b (1,878-1,785)/1,878 x 100% = 5% 
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The common errors or differences in the spelling of inventor’s names encountered 

include: 

- missing second initial of their name; 

- spelling out the 2nd name rather than just putting the second initial as in most 

patents; 

- misspelling surname or first names by swapping two letters around; and 

- adding the words like “deceased” to the name. 

 

The inventor’s names in our study had been standardised to surname, first name and 

second initial, with other words like “deceased” removed.  Thus, the second and fourth 

points above were corrected before calculating the number of individuals in Table 4.1. 

 

When examining the number of inventors on a patent, 38% of medical patents and 61% 

of non-medical patents have one inventor listed (Table 4.2).  This means that 62% of 

medical patents and only 39% of non-medical patents involved multiple inventors. 

 

Table  4.2: Number of inventors on medical and non-medical patents 

Number of inventors on a patent Medical patents Non-medical patents
1 491 (37.5%) 4,005   (61.4%)
2 317 (24.2%) 1,412  (21.6%)
3 231 (17.7%) 611  (9.4%)
4 130  (9.9%) 265  (4.1%)
5 63  (4.8%) 124  (1.9%)
6 24  (1.8%) 55 (0.8%)
7 20  (1.5%) 16 (0.2%)
8 15  (1.1%) 22 (0.3%)
9 8  (0.6%) 9 (0.1%)

10 1  (0.1%) 5 (0.08%)
11 1  (0.1%) 2 (0.03%)
12 1  (0.1%) - -
13 1  (0.1%) - -
14 - - 1 (0.02%)
19 5  (0.4%) - -

Total number of patents 1,308  (100%) 6,527 (100%)
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In other words for the 1,308 medical patents there are 3,270 inventors listed with 

median of 2 inventors per medical patent (Table 4.3).  In contrast, non-medical patents 

have a significantly lower (p<0.001) median of 1 inventor per patent.  This suggests that 

medical patents appear to involve more of a collaborative effort between inventors than 

non-medical patents. 

 

Table  4.3: Number of inventors per medical and non-medical patents 

 Medical patents Non-medical patents 
Inventors per patent  
- mean 2.5 1.7 
- median* 2 1 
 
* p<0.001, Mann-Whitney U test (which was used as the number of inventors per patent has a skewed and 
not a normal distribution as demonstrated by the mean being higher than the median) 
 

 

4.4.3.2 Assignees 

Most Australian patents had been assigned, in other words, were mainly owned by a 

business or other organisation.  Significantly fewer medical patents (18%) than non-

medical patents (31%) were unassigned (Table 4.4).  Unassigned patents are owned by 

the inventor(s).  It is thought that unassigned patents are less likely to be successfully 

commercialised as there is not an organisation behind the patent to assist with 

commercialisation.  This suggests that medical patents may have a greater economic 

value.  As outlined in Section 2.9, while this notion is supported by some studies (e.g. 

Rossman & Sanders 1957) it is not by others (e.g. Firestone 1971). 

 

Table  4.4: Number of assigned and unassigned patents 

 Medical patents Non-medical patents Total 
Unassigned patents 240 (18%) 1,994 (31%) 2,234 
Assigned patents 1,068 (82%) 4,533 (69%) 5,601 
Total number of patents 1,308 6,527 7,835 
 
Pearson chi-square p<0.0001 

 

After correcting assignee’s names, 16% of medical and 9% of non-medical assignees 

had their name misspelt or spelt differently on separate patents (Table 4.5).  This meant 

that there were 448 medical and 2,309 non-medical assignees. 
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Table  4.5: Number of assignees on medical and non-medical patents 

Medical patents Non-medical patents Total
Assigned patents 1,068 4,533 5,601
 
Assignees 

 

- No. listed 1,192 4,909 6,101
- No. of individual assignees* 533 2,541 3,015#

- No. of individual assignees after 
checking for errors in names 

448 2,309 2,701#

- % misspelta 16% 9% 
 
* after making the endings of assignee names uniform (e.g. Proprietary Limited or Pty. Ltd. to Pty Ltd) 
# not equal to the sum of assignees on medical and non-medical patents as, for example, after checking for 

errors in names 56 assignees were found to be on both types of patents. 
a (No. of individual assignees – No. individual assignees after checking for errors in names) / No. of 

individual assignees = % misspelt e.g. for medical patents (533-448)/533 = 16% 
 

 

Most assigned Australian patents had only one assignee listed, 90% of medical and 93% 

of non-medical patents (Table 4.6).  This gave a median of 1 assignee per patent for 

both medical and non-medical patents.   

 

Table  4.6: For assigned patents: the number of assignees per medical and 

non-medical patent 

Number of assignees on patents Medical patents Non-medical patents
1 962 (90%) 4,207  (93%)
2 95 (9%) 288  (6.3%)
3 4 (0.4%) 30 (0.7%)
4 7 (0.7%) 6 (0.1%)
5 - 1 (0.02%)
6 - - 
7 - 1 (0.02%)

Total number of patents with an assignee 1,068 (100%) 4,533 (100%)
 

 

The Mann-Whitney U test was performed, because the number of assignees per patent 

has a skewed and not a normal distribution, as demonstrated in Table 4.6.  This test 

showed a p=0.003 (Table 4.7).  Thus, there is a difference in mean ranks between the 

two groups.  But given the mean number of assignees per patent was 1.12 for medical 

and 1.08 for non-medical patents, raises the question whether this statistically 

significant difference is of practical significance.  



 

 

116

 

Table  4.7: Mean and median number of assignees on assigned medical and 

non-medical patents 

 Medical patents Non-medical patents 
Assignees per assigned patent  
- mean 1.12 1.08 
- median* 1 1 
 
* p=0.003, Mann-Whitney U test (which was used as the number of assignees per patent has a skewed 
and not a normal distribution as demonstrated in Table 4.6).  
 

Most assigned Australian patents were fully or in part owned by business: 

- 59% of assigned medical patents; and  

- 80% of assigned non-medical patents (Table 4.8).   

 

Table  4.8: For the 1,068 medical and 4,533 non-medical patents which had 

been assigned: the number of listings by assignees 

Assignee or owner Medical patents Non-medical patents p value* 
Business 700 (59%) 3,913 (80%) p<0.001 
University b 206 (17%) 181 (4%) p<0.001 
Research Institute b 97 (8%) 8 (0.2%) p<0.001 
Government b 70 (6%) 195 (4%) p=0.004 
CSIROa, b 60 (5%) 272 (6%) p=0.489 
Individual 30 (2.5%) 257 (5%) p<0.001 
Technology transfer organisation 22 (1.8%) 69 (1%) p=0.261 
Non-government organisation (NGO) 6 (0.5%) 7 (0.1%) p=0.027# 
Co-operative Research Centre (CRC)b 1 (0.1%) 7 (0.1%) p=1.000# 
Total 1192 (100%) 4,909 (100%)  
 

* Pearson chi-square except where Fisher’s exact test was done.  Before doing pair-wise 
comparisons, a global Pearson chi-square was done, demonstrating a p<0.001. 

# Fisher’s exact test as at least one expected count was less than 5. 
a CSIRO = Commonwealth Scientific and Industrial Research Organisation 
b classified as a publicly funded institution: 434 (36%) assignees for medical patents and 663 (13%) for 

non-medical patents 
 

Compared to assigned non-medical patents, assigned medical patents were: 

- three times more likely to be owned by a publicly-funded institution (36% 

versus 13%); 

- four times more likely to be owned by a university (17% versus 4%); and 

- 40 times more likely to be owned by a research institute (8% versus 0.2%). 
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Figure  4.3: Trend in categories of first assignees owning medical patents 

registered in the US patents to Australian resident inventors in 1984-1999 

 

When examining the first assignee on all medical patents from 1984 to 1999, as seen in 

Figure 4.3, the proportion of patents owned by business appears to be increasing (47% 

to 54%), as is that of research institutes (3% to 7%), whereas the proportion of 

unassigned medical patents appears to be decreasing (27% to 12%).  The trend in 

universities ownership is harder to interpret.  Looking at the trend from 1985 to 1999, 

university ownership appears to be increasing from 2.5% to 13%, however universities 

accounted for 17% of medical patents granted in 1984.   
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Figure  4.4: Trend in categories of first assignees owning non-medical patents 

registered in the US patents to Australian resident inventors in 1984-1999 

 

Figure 4.4, demonstrates similar trends in ownership for non-medical patents, with an 

increase in the proportion owned by business (49% to 65%) with a corresponding 

decrease in unassigned patents (37% to 23%). 

 

Does the decline in unassigned patents mean a decline in the role of the individual 

inventor?  The patents of individual inventors include not only unassigned patents but 

also those assigned to individuals.  By combining these figures, there is a drop of 

patents of individual inventors for both medical (27% to 13%) and non-medical (39% to 

25%) patents. 
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4.4.3.3 International collaboration 

In terms of international collaboration on patents, 32% (422/1,308) of medical as 

against 19% (1,228/6,527) of non-medical patents had an inventor or assignee from 

overseas (p<0.001, Pearson chi-square).  These figures are derived from Table 4.9.  

Medical patents were almost twice as likely to have inventors and assignees from 

overseas.  Inventors from overseas were on 21% (275/1,308) of medical patents as 

against 10% (649/6,527) of non-medical patents.  Similarly, assignees from overseas 

were on 28% (360/1,308) of medical as against of 16% (1,068/6,527) of non-medical 

patents. 

 

 

Table  4.9: Location of inventors and assignees for Australian patents 

registered in the US for 1984-1999 

  Location of inventor(s)  
 Location of 

assignee(s) 
Australia 

only
Australia & 

overseas
Total %

Unassigned 226 14 240 18%
Australia only 660 48 708 54%
Australia & overseas 8 22 30 2%

Medical 
patents 

Overseas only 139 191 330 25%
 Total 1,033 275 1,308 100%
   

Unassigned 1,942 52 1,994 31%
Australia only 3,357 114 3,471 53%
Australia & overseas 74 40 114 2%

Non-
medical 
patents 

Overseas only 505 443 948 15%
 Total 5,878 649 6,527 100%
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Given that the patents are US patents, it is not surprising that the US is the most 

common location for co-inventors from overseas i.e. 8% (1,131/14,397) of all inventors 

(Table 4.10).22  The United Kingdom is second, with 2% (230/14,397) of overseas 

inventors, which can be explained by Australia’s historical ties with the United 

Kingdom, particularly as Australia was one of its former colonies.  The remaining 

collaborations are mainly i.e. 2% (339/14,397) with inventors from northern European 

countries and surprisingly few with Australia’s geographic neighbours in Asia.   

 

Table  4.10: Country of residence for inventors on Australian patents registered 

in the US 1984-1999 

Country of residence for 
inventors 

Medical patents Non-medical patents

Australia 2,592 (79.3%) 9,827 (88.3%)
United States 441 (13.5%) 690 (6.2%)
United Kingdom 67 (2.0%) 163 (1.5%)
Germany* 48 (1.5%) 102 (0.9%)
Switzerland* 40 (1.2%) 29 (0.3%)
Canada 22 (0.7%) 73 (0.7%)
Belgium* 10 (0.3%) 3 (0.03%)
Denmark* 10 (0.3%) - -
France* 9 (0.3%) 21 (0.2%)
Japan 8 (0.2%) 59 (0.5%)
Sweden* 5 (0.2%) 15 (0.1%)
Finland* 3 (0.1%) 35 (0.3%)
New Zealand 3 (0.1%) 50 (0.4%)
Malaysia 3 (0.1%) - -
Ireland 2 (0.06%) 4 (0.03%)
Austria* 2 (0.06%) 3 (0.03%)
China 2 (0.06%) 1 (0.01%)
Singapore 1 (0.03%) 7 (0.06%)
South Africa 1 (0.03%) 6 (0.05%)
Norway* 1 (0.03%) 3 (0.03%)
Remaining countries - (0%) 36 (0.3%)
Total No. of inventors# 3,270 (100%) 11,127 (100%)
 
* Northern European countries 
# matches the numbers of inventors in Table 4.1 
 

                                                 
22 However, the preponderance of US collaborators may also have more to do with the economic, 

technological and research strengths of the US. 
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The location of assignees is similar to that of inventors, with 14% (856/6,101) from the 

US and 2% (147/6,101) from the United Kingdom and 3% (186/6,101) from northern 

European countries.  The major difference was the 1% (41/6,101) of assignees located 

in tax havens (Table 4.11).  Interestingly, Japan was the third most common overseas 

country, accounting for 2.2% of non-medical assignees.  

 

Table  4.11: Location of assignees for all Australian patents registered in the US 

1984-1999 

Location of assignees Medical patents Non-medical patents
Australia 814 (68.3%) 3,827 (78.0%)
United States 259 (21.7%) 597 (12.2%)
United Kingdom 31 (2.6%) 116 (2.4%)
Germany* 16 (1.3%) 56 (1.1%)
Switzerland* 15 (1.3%) 11 (0.2%)
Netherlands Antilles# 14 (1.2%) 7 (0.1%)
Netherlands* 6 (0.5%) 33 (0.7%)
Canada 6 (0.5%) 32 (0.7%)
Japan 5 (0.4%) 108 (2.2%)
France* 5 (0.4%) 13 (0.3%)
Denmark* 5 (0.4%) 2 (0.04%)
Hong Kong 4 (0.3%) 11 (0.2%)
New Zealand 2 (0.2%) 21 (0.4%)
British Virgin Islands# 2 (0.2%) 5 (0.1%)
Finland* 1 (0.1%) 13 (0.3%)
Sweden* 1 (0.1%) 9 (0.2%)
Liechtenstein# 1 (0.1%) 6 (0.1%)
Channel Islands# 1 (0.1%) 3 (0.06%)
Ireland 1 (0.1%) 1 (0.02%)
Italy 1 (0.1%) 1 (0.02%)
Isle of Man# 1 (0.1%) - -
Monaco# 1 (0.1%) - -
Rest - - 37 (0.8%)

Total No. of assigneesa 1,192 (100%) 4,909 (100%)
 

* Northern European countries 
# tax havens 
a match numbers in Table 4.5 
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4.4.3.4 Research publications cited by patents 

Medical patents were three times as likely to quote from the scientific literature as non-

medical patents.  Sixty percent (785/1,308) of medical patents cited one or more 

scientific publications, compared to only 23% (1,475/6,527) of non-medical patents 

(p<0.001, Pearson chi-square).  This suggests that medical patents may be more 

dependent on scientific research.  From the information provided we were unable to 

differentiate between such research conducted in Australian from that conducted 

overseas.  This supports the notion that scientific research may be an important factor 

underpinning the technology in medical patents (Tijssen 2002).  
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4.4.4 Description of medical patents 

 

The focus in this segment is on the characteristics of medical patents.  This includes 

their inventors and assignees. 

 

4.4.4.1 Inventors on Australian medical patents 

Most of the 1,785 medical inventors are not prolific, with 67% (1,200/1,785) listed only 

once over the 1984-1999 period (Table 4.12).  About 18% (318/1,785) of medical 

inventors are listed on 3 or more medical patents.   

 

Table  4.12: Number of medical patents on which individual inventors are listed 

Number of patents on which an inventor is 
listed 

Number of inventors % of inventors

1 1,200 67.2%
2 267 15.0%
3 127 7.1%
4 65 3.6%
5 40 2.2%
6 30 1.7%
7 17 1.0%
8 11 0.6%
9 11 0.6%
10 6 0.3%
11 1 0.06%
12 2 0.1%
13 3 0.2%
14 3 0.2%
15 1 0.06%
18 1 0.06%

Total number of individual inventors 1,785 100%
 

 

The 17 most prolific medical inventors were responsible for 12% (160/1,308) of 

Australian medical patents (Table 4.13).  It is noteworthy that 11 of these prolific 

inventors are clustered around 5 different technologies, namely, cardiac pacemakers, 

cochlear ear implants, biosensors, gene shears, and human relaxin gene.  Most inventors 

are focused on one area of technology except for three inventors who crossed over 

between cardiac pacemakers and cochlear ear implants.  This is explained by the fact 
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that two companies involved, Telectronics Pty Ltd and Cochlear Pty Ltd, were both part 

of Nucleus a subsidiary of Pacific Dunlop Ltd at the time of listing and the inventors 

were known to move from one company to the other (Appendix 10.6).  

 

Table  4.13: Details on the 17 most prolific Australian medical inventors listed on 

10 or more Australian medical patents in the US for 1984-1994, grouped by 

technology 

Main technology Inventor No. of patents*  Main assignees 
Method for constructing 
proteins and other 
molecules 

Simpson R 18 Ludwig Institute for Cancer 
Research, US  

Cardiac pacemakers 
and cochlear ear 
implants 

Money D 
Kuzma J  
Daly C  
Milijasevic Z 

15 
12 
10 
10 

Telectronics Pty Ltd, NSW, 
and Cochlear Pty Ltd, NSW  

Biosensors Cornell B  
Braach-
Maksvytis V  
Raguse B 

14 
13 
10 

Australian Membrane and 
Biotechnology Research 
Institute (AMBRI), NSW  

Ribozymes - gene 
shears 

Jennings P 
Cameron F 

14 (1) 
11 

Gene Shears Pty Ltd, NSW 
and ACT  

Vitamin B12 as carrier 
for oral drugs 

Russell-Jones G 14 (1) Biotech Australia Pty Ltd, NSW 

Intraocular lenses Barrett G 13 Alcon Laboratories Inc, and 
Chiron, US, and Oversby Pty 
Ltd, WA  

Relaxin gene Tregear G  
Niall H 

13 (1) 
10 (1) 

Howard Florey Institute, VIC  

Syringe or drug infusion 
devices 

Whisson M 12 Eastland Technology Australia 
Pty Ltd, WA  

Matrix metalloprotease 
inhibitors 

Grobelny D 10 Glycomed Inc, US, and Narhex 
Ltd, Hong Kong  

Contact lenses Meijs G 10 (6) CIBA Vision Group, US 
 

* No. of non-medical patents are in brackets 
States of Australia include: ACT = Australian Capital Territory, NSW = New South Wales, WA = 

Western Australia, VIC = Victoria 
N.B. the details of the table are in Appendix 10.5 
 

The 17 most prolific inventors are listed on 10 to 18 different Australian medical 

patents registered between 1984 and 1999.  These prolific inventors are often listed on 

the same patent which show: 

- 3 prolific inventors on 9 patents; 

- 2 prolific inventors on 31 patents; and  

- one prolific inventor listed on 120 patents. 
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A particularly interesting finding is that 11 of 17 of the most prolific inventors are 

working within a team of 2 to 4 other prolific inventors and are addressing a distinct 

technological sphere (Table 4.13).  Both of these findings suggest that prolific inventors 

tend to work together in teams.   

 

Of the 10 different technological groupings, 6 have an assignee that is a publicly funded 

organisation.  Nucleus, which has been involved with Telectronics Pty Ltd, Cochlear 

Pty Ltd and the Australian Membrane and Biotechnology Research Institute, was 

particularly heavily dependent on basic science arising from publicly funded institutions 

regarded as centres of excellence including in Australian universities, CSIRO and CRCs 

(Richards 1988, and see Appendix 10.6 for the story on Nucleus).  Specifically, 

- Telectronics Pty Ltd23 had grown out of basic research at the University of 

Sydney and Royal Prince Alfred Hospital; 

- Cochlear Pty Ltd originated from the Department of Ontolaryngology and 

Electrical Engineering at Melbourne University; 

- AMBRI arose from the Department of Organic Chemistry at Sydney University 

(with personnel moving to the CSIRO and later created a CRC); 

- Gene Shears Pty Ltd came from CSIRO; and  

- Howard Florey Institute remains a public funded institute. 

 

Even prolific inventors working by themselves come from centres of excellence, 

Jennings from the Ludwig Institute for Cancer Research in Melbourne and Barrett from 

the Lions Eye Institute in Perth. 

 

These findings lend credence to the policy of preferentially supporting teams of 

scientists working in centres of excellence (OECD 2000b: 13). 

                                                 
23 For chronology see http://www.austehc.unimelb.edu.au/asaw/biogs/A000347b.htm [3 December 2003] 
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4.4.4.2 Prolific assignees listed on 10 or more medical patents 

The most prolific medical assignees were identified by selecting those listed on 10 or 

more medical patents.  Just 16 organisations own 36% (474/1,308) of medical patents 

(Table 4.14).  Amongst these organisations are 6 universities and their affiliated 

institutions which account for close to half (44% = 208/474) of these patents or 16% 

(208/1,308) of medical patents overall.   

 

Table  4.14: The most prolific assignees (owners), listed on 10+ Australian 

medical patents registered in the US for 1984-1999 

Assignee State* Medical 
patents

Non-medical 
patents 

Total 

University of Melbourne & affiliated institutions# Victoria 97 28 125 
Telectronics N.V. or Telectronics Pty Ltd or 
Telectronics Pacing Systems Inca 

NSW 75 - 75 

CSIROb - 60 272 332 
Biotech Australia Pty Ltd NSW 28 3 31 
Unisearch Ltd (University of NSW) & St Vincent’s 
& Garvan Institutes of Medical Research 

NSW 25 51 76 

Australian National University & Anutech Pty Ltd ACT 23 30 53 
University of Sydney NSW 22 26 48 
Monash University & affiliated institutionsc Victoria 21 8 29 
AMRAD Corp Ltd Victoria 21 3 24 
University of Queensland & Queensland Institute 
of Medical Research (QIMR) Council 

QLD 20 18 38 

Cochlear Pty Ltda NSW 16 - 16 
Commonwealth of Australia - 15 87 102 
Gene Shears Pty Ltd NSW 15 - 15 
Australian Membrane & Biotechnology Research 
Institute (now AMBRI Ltd)a 

NSW 14 - 14 

CSL Ltdd Victoria 12 - 12 
Peptide Technology Ltd NSW 10 1 11 
Total 474 527 1001 
 

*  ACT = Australian Capital Territory, NSW = New South Wales, QLD = Queensland 
#  Walter & Eliza Hall Institute of Medical Research, Howard Florey Institute of Experimental Physiology, 

Ludwig Institute for Cancer Research and Royal Children’s Hospital 
a  companies created or partly owned by Nucleus Ltd 
b  CSIRO = Commonwealth Scientific and Industrial Research Organisation 
c  Monash Medical Centre, Victorian College of Pharmacy Ltd and Baker Medical Research Institute 
d  formerly the government-owned Commonwealth Serum Laboratories 
 

Surprisingly, 22% (285/1,308) of medical patents were owned by just 5 organisations: 

University of Melbourne, Telectronics, CSIRO, Biotech Australia and University of 

New South Wales. 
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It is particularly intriguing to examine these assignees from the point of public 

ownership.  Not only are 9 of the 16 prolific organisations publicly owned, another 5 

have had significant public input into their genesis.  CSL Ltd was formerly the 

government owned Commonwealth Serum Laboratories.  Telectronics and Cochlear 

both originated from university research, as outlined above.  The technology of Gene 

Shears Pty Ltd was invented at CSIRO.  Amrad, formed in 1986, was founded by four 

renowned Melbourne medical research institutes and the Victorian State Government.24  

In other words 14 of the 16 most prolific Australian medical inventing organisations as 

listed on patents are either publicly funded or their genesis was profoundly influenced 

by publicly funded agencies.  These 14 organisations account for 33% (436/1,308) of 

Australian invented technology in the US.  

 

                                                 
24 see http://www.amrad.com.au/AMRAD/Profile/Profile/Background.asp [30 September 2002]. 
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4.4.4.3 Possible clinical application of patented medical technology 

Sixty percent of medical patents describe technology, mainly devices and drugs, with 

possible therapeutic applications (Table 4.15).  Another 16% of medical patents have 

potential diagnostic applications.   

 

Table  4.15: Categorising medical patents registered in the US for 1984-1999 

according to possible clinical application 

Possible clinical application Number of 
medical patents

Total

Therapy Drug 280
 Device 220
 Implantable device 166
 Drug delivery device 64
 Drug delivery composition 27
 Biocompatible material 13
 Medication container 9
 Method 7 786
Diagnosis Device 134
 Test 81 215
Biotechnology Method/device 142
 Products (e.g. protein, DNA) 

with diagnostic & therapeutic 
applications 

 
35

 
177*

Prevention Immunisation 47
 Of disease 22
 Of injury 5
 Antiseptic 7 81
Rehabilitation Device 18
Others Patient stretcher / support 10
 Waste disposal 9
 Cleaning device 6
 Freezer or freezing 5
 Teaching device 1 31
Total number of patents 1,308
 

* many medical biotechnology patents had other applications, such as a drug, and therefore, 
this is not equal to the total number of 489 biotechnology patents in Section 4.4.1 
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4.4.4.4 Most common type of patented technology in medical patents 

In Table 4.16, the three most common types of medical technologies are cardiac 

pacemakers (7%), syringes or parenteral drug delivery technology (4%) and cochlear 

ear implants (3%).   

 

Table  4.16: Type of technology listed on at least 8 Australian medical patents 

registered in the US for 1984-1999 

Technology listed on medical patents Number of patents 
Cardiac pacemaker technology 94 
Syringe or parenteral drug delivery technology 57 
Cochlear ear implants 33 
Contact lenses or related technology 18 
Nuclear magnetic resonance (NMR) spectroscopy 17 
Biosensors 15 
Spectacles 15 
Ribozymes – gene shears 14 
Ultrasound and related technology 14 
Insulin-like growth factor (IGF) 12 
CPAP* technology for obstructive sleep apnoea 10 
Leukaemia inhibitory factor (LIF) 9 
Relaxin gene 9 
X-ray technology 9 
3-aminopropoyphenyl derivatives (β adreno-receptor 
blockers) 

8 

Confocal microscopes 8 
Helicobacter pylori related technology 8 
Intra-ocular lenses 8 
Wheelchairs or related equipment 8 
Total number of patents 366 
 

* CPAP = continuous positive airway pressure 
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4.4.4.5 Clinical disciplines of possible application for patented technology 

When looking at the clinical application of medical patents, 46% have potential 

application in two or more clinical disciplines including 40% in general practice (Table 

4.17).  For the remaining patents, the most common areas of application were 

cardiology (mainly cardiac pacemakers), surgery, ENT (mainly cochlear ear implants), 

oncology, haematology, ophthalmology, optometry and orthopaedics. 

 

Table  4.17: Categorising Australian medical patents registered in the US for 

1984-1999 according to clinical discipline in which technology would be used 

Clinical discipline Number of 
medical patents

Total 

Multiple disciplines Including General Practice 519  
 Others 84 603 
Medicine Cardiology 109  
 Oncology 38  
 Haematology 35  
 Emergency 14  
 Respiratory 14  
 Nuclear 13  
 Gastroenterology 6  
 Neurology 6  
 Others 17 252 
Surgery Surgery – non specific 42  
 Ear Nose & Throat (ENT) 41  
 Ophthalmology 33  
 Orthopaedics 30  
 Obstetrics & Gynaecology 16  
 Vascular 11  
 Cardiothoracic 10  
 Anaesthesia 7  
 Urology 7  
 Others 7 204 
Diagnostic Radiology 26  
 Pathology 25  
 Microbiology 11  
 Biochemistry 5 67 
Paramedical Optometry 33  
 Physiotherapy 8  
 Others 5 46 
Industry & research  136 
Total number of patents 1,308 
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4.4.5 Selecting medical patents using the International Patent Classification 

(IPC) 

 

The medical patents in this study were identified after looking at each individual 

Australian patent registered in the US.  It was hoped that the International Patent 

Classification (IPC) could be a more efficient way of identifying medical patents.  In 

our patent database there is a maximum of 4 possible IPC subclasses documented for 

each patent.  The first listed IPC subclass was selected from each Australian medical 

patent and the 50 most frequent were identified (Table 4.18).   

 

Table  4.18: Number of medical and non-medical patents identified using the 5, 

20 and 50 most frequently first listed subclasses of the International Patent 

Classification (IPC) to identify Australian medical patents on the US patent 

database for 1984-1999 

 Medical patents Non-medical patents 
IPC subclasses* True 

positive
False 

negative
False 

positive
True 

negative 
5 most frequent 643 665 112 6,415 
20 most frequent 1,089 219 772 5,755 
50 most frequent 1,222 86 1,545 4,982 
Total No. of patents 1,308 6,527  
 
*first listed subclasses of the IPC on medical patents in order of decreasing frequency: A61K, A61B, A61M, 
A61N, A61F, G01N, C12N, C07K, C12Q, C12P, C07D, C07H, A01N, B65D, A61G, G02C, B01D, G01R, 
G02B, H01G, A61H, A62B, C07C, C08F, B29D, A61C, H01J, A42B, B08B, A61D, A63B, C08L, C25B, 
G01B, G08B, G09B, H01L, H01R, H04R, A47C, A47K, A61L, B01L, B29C, B60N, G01V, G06F, G10L, 
G21K, A01D (World Intellectual Property Office (WIPO) 2003) 
For example, the IPC subclass A61K stands for “Preparations for medical, dental or toilet purposes” (World 
Intellectual Property Office (WIPO) 2003) 
 

Using varying combinations of these top 5, 20 and 50 IPC subclasses demonstrated 

increasing sensitivity but unfortunately decreasing specificity for identifying medical 

patents as more IPC subclasses were used (Table 4.19).  In other words, the 50 most 

frequent IPC subclasses not only detect most medical patents but also many non-

medical patents, hence overestimating the number of medical patents.  Thus, the IPC is 

not a reliable method by itself for identifying Australian medical patents on the US 

patent database. 
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Table  4.19: Sensitivity and specificity of using the 5, 20 and 50 most frequently 

first-listed subclasses of the International Patent Classification (IPC) to identify 

Australian medical patents on the US patent database for 1984-1999 

IPC subclasses* Sensitivity# Specificitya Positive predictive valueb 
5 most frequent 49% 98% 85% 
20 most frequent 83% 88% 59% 
50 most frequent 93% 76% 44% 
 
* see Table 4.18 for IPC subclasses and for numbers used to calculate results for this table using the 
following formulae: 
#  Sensitivity = true positive/(true positive + false negative) 
a  Specificity = true negative/(true negative + false positive) 
b   Positive predictive value = true positive/(true positive + false positive) 
 

 

4.5 DISCUSSION 

 

4.5.1 Introduction 

 

The discussion initially covers the main findings and their implications.  This is 

followed by a discussion on the strengths and weaknesses of the study.  Further ideas 

related to systems of innovation and for future research are taken up in Chapter 7.  

Policy recommendations for Australia are described in Appendix 10.1.  

 

4.5.2 Principal findings 

 

The main aim was to describe all medical patents granted in the US to Australian-

resident inventors between 1984 and 1999.  The second aim was to compare them with 

non-medical patents to identify any unique features of medical patents. 

 

Overall there were 7,835 patents granted to Australian resident inventors in the US 

between 1984 and 1999.  Of these, 1,308 (17%) were identified as being medical, of 

which 489 (37%) were biotechnology patents.  Between 1984 and 1999 the proportion 

of medical patents rose from 10% to 25% of all Australian patents in the US.  This 

suggests that medical patents are becoming increasingly important part of Australia’s 

intellectual property portfolio.  The increase in medical patents can be largely attributed 
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to biotechnology patents, which have increased from 10% to 55% of all medical 

patents.    

 

The 7,835 Australian patents in our study granted in the US over the period 1984-1999 

account for 5% of all 1,574,534 utility patents (USPTO 2000a) granted in the US during 

this time.  Australia, like all countries of the Organisation for Economic Co-operation 

and Development (OECD), has shown a strong rise in the number of US patents granted 

per capita since the 1960s (Patel & Pavitt 1995a; USPTO 2000a).  As outlined in 

Appendix 10.4, however, relative to population size Australia was ranked a low 16 of 

20 OECD countries for the period 1984-1992 (Department of Industry Science and 

Technology 1996) and 16 out of 29 OCED countries in 2001.25  As expected, 

Australia’s comparative technological advantage is mainly located in the primary 

industries of mining and agriculture.  This is similar to other resource-abundant OECD 

countries like Canada, Finland and Norway (Patel & Pavitt 1995a; Department of 

Industry Science and Technology 1996).  Consistent with this finding is that Australia is 

a strong performer in agricultural machinery and chemicals, food and tobacco, plant and 

animal husbandry, woodworking and construction related technologies when compared 

to other countries. 

 

But Australia’s technological advantage is also becoming evident in higher technology 

niches such as “professional & scientific instruments” and “medical & veterinary 

sciences” (Department of Industry Science and Technology 1996).  More recently, 

Narin and colleagues (2000: 15) demonstrated Australia’s growing strength in 

biotechnology and pharmaceuticals patenting.  In 1997 Australia was ranked 5th out of 

28 OECD countries for the proportion of biotechnology patents filed at the European 

Patent Office (OECD 2001c).  These findings, along with the rise in patenting 

demonstrated in our study, suggests that medical technology, especially medical 

biotechnology, is an increasingly important part of Australia’s intellectual property 

portfolio.  This is consistent with the findings of medical technology being an 

increasing proportion of elaborately transformed manufactures (ETMs) as depicted in 

Appendix 10.4.  This is coming off a low base as medical exports account for a 

maximum of 1.7% in 1988 rising to 4.4.% in 2000 of all export goods.   

                                                 
25 See p.71 in http://www.dest.gov.au/science/analysis/pdf/BAA_Cover-plus-Insides_screen-fonts.pdf [29 

September 2003] 
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It was interesting to note the dip in the frequency of US patents being granted to 

Australian inventors between 1989 and 1993 (Figure 4.1).  Whether the economic 

downturn at the time is responsible for the dip in patenting is difficult to determine.  

One way of assessing this is to adjust the frequency of patents by the Australian gross 

domestic product (GDP) of that year.  However, this method is only valid if the change 

in the economy has an immediate effect on the frequency of patents granted in a year 

and is invalid if there is a delayed effect.  The downturn in the economy may decrease 

the frequency of patents if submitted patent applications were withdrawn prior to a 

patent being granted.  This could occur, if there were insufficient funds for prosecuting 

the application prior to it being granted.  However, if the rate of submitting patents was 

reduced through the economic downturn, then one would expect a lag of 2 years before 

there was a drop in the number of patents being granted.  The reason being that it takes 

on average 2 years from lodging a patent application until it is granted (USPTO 1997) 

and, hence, listed on the US patent database.  In conclusion, due to this uncertainty as to 

when an economic downturn begins to affect the rates of patenting it was decided not to 

adjust the frequency of patents by the gross domestic product (GDP). 

 

Our study lends support to recent findings of the importance of publicly-funded 

institutions, especially university-based researchers in underpinning high technology 

patents and industries (Marceau, Manley & Sicklen 1997; Wills 1999).  First, the 

universities and their affiliated institutions make up more than a third of the most 

prolific patenting organisations.  Second, publicly funded institutions made up 36% of 

listed assignees on medical patents.  Third, more than half of the medical patents quote 

from the scientific literature and it has been previously shown that 95% of such studies 

have originated in universities or from other publicly funded research (Narin et al. 

2000: 16).  These findings are consistent with the finding that health and medical R&D 

in Australia is largely performed by the higher education and government sectors – 

these accounted for 73% of such R&D expenditure in 1996-97 and 64% in 2000-01 

(Johnston, Matthews & Dodgson 2000; Australian Bureau of Statistics 2002b). 

 

The co-operative research centres (CRCs) only own 8 patents and suggests that they are 

not very prolific.  CRCs were first created in 1991 and meant to facilitate technology 
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transfer to industry.  However, this is difficult to judge as the patents may be assigned to 

their commercial or university partners – as will be discussed below.   

 

Medical and non-medical patents differ on a number of characteristics (Rossman & 

Sanders 1957; Firestone 1971).  The differences that are of statistical significance 

include that medical patents: 

- are more likely to be assigned (82% versus 69%) (Rossman & Sanders 1957; 

Firestone 1971); 

- list more inventors; 

- involve a greater degree of overseas collaboration as suggested by listing a 

greater proportion of inventors and assignees from overseas; and 

- quote three times more often from the scientific literature. 

 

This suggests that medical patents may not only have a greater commercial potential, 

but also involves a greater degree of international collaboration and dependency on 

published science.   

 

Australia is demonstrating a decline in the role of the individual inventor with a drop 

in the proportion of unassigned patents and those assigned to individuals from 1984 to 

1999 – for medical patents the drop was 27% to 13%, and for non-medical patents 39% 

to 25%.  This is associated with increasing assigning of patents to business rising from 

47% to 54% for medical patents and from 49% to 65% for non-medical patents.  In the 

last century there has been a dramatic drop in the portion of all US patents filed by 

individual inventors from 86% in 1910 to 15% in 1998 (USPTO 1998).  Amesse et al. 

(1991) describe a similar drop. 

 

The inventors and assignees from overseas came primarily, as would be expected, 

from the US, 8% and 14% respectively.  The next most common country was the United 

Kingdom for 2% of inventors and assignees, followed by northern Europe for 2% and 

3% respectively.  Surprisingly few inventors and assignees came from Australia’s 

geographic neighbours in Asia.  Countries in this region receive 64% of Australia’s 

merchandise exports in 1996 and 63% in 2001 (Department of Foreign Affairs and 

Trade 2002).   These international links on high technology patents probably arise out 

of historical links with Europe and the US and the relationships of individuals that arise 
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out of educational and professional exchanges.  For example, most Australian students 

going overseas for training either go to Europe, especially the UK and the US (OECD 

2001c: 54-55). 

 

Most of the 1,785 medical inventors were not very prolific, with 67% listed only once 

in 1984-1999.  Only 18% of medical inventors were listed on 3 or more medical patents.  

However, the 17 most prolific medical inventors were responsible for 12% of Australian 

medical patents. 

 

Just 16 organisations own 36% of all medical patents and 6 of these organisations are 

Australian universities and their affiliated institutions.  However, 14 of the 16 most 

prolific Australian medical inventing organisations as listed on patents are either 

publicly funded (n=9) or their genesis was profoundly influenced by publicly funded 

agencies (n=5).  These 16 assignees account for one third (446/1,308) of Australian 

invented technology in medicine from the US in 1984-1999.  A full 22% of medical 

patents were owned by just 5 organisations, namely University of Melbourne, 

Telectronics, Commonwealth Scientific and Industrial Research Organisation (CSIRO), 

Biotech Australia and University of New South Wales.   

 

It is noteworthy that the most prolific company, Telectronics Pty Ltd, a subsidiary of 

Pacific Dunlop, was sold in 1996 to St Jude Medical of the US, largely as a 

consequence of a potentially fatal fault in a pacemaker lead, which lead to class actions 

costing $200 million to date to settle (Ferguson 1999).  This led directly to a drop in 

Australia’s patenting strength in medical electronics (Narin et al. 2000: 15).   

 

What is the involvement of these prolific assignees in Australian CRCs which aims to 

improve technology transfer from public funded research organisations to industry?  All 

companies bar one (Amlab International) involved with the 10 medical CRCs (out of 

the total of 67 CRCs nationwide) was identified as a prolific assignee by our study 

(Australian Expert Group in Industry Studies 2000).  These companies include Peptech 

Ltd (formerly Peptide Technology Ltd of Australia, also parent company to Peptech 

[UK]), AMRAD, Cochlear Ltd and CSL Ltd.  
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In summary, it appears that there is only a handful of medical companies which are 

prolific patentees, involved with all the medical CRCs and probably the main employers 

and exporters in the Australian medical sector.  This suggests that the Australian 

medical industry focusing on biotechnology and electro-medical devices reside in 

clusters of co-located universities and companies in Sydney, Melbourne and Brisbane.  

These clusters incorporate prolific assignees, prolific inventors and medical CRCs. 

 

Thus, our data also support the emerging ideas on the importance of clusters of co-

located industries and universities where collaboration and competition act as constant 

spurs to innovation such as is seen in Silicon Valley in California (Marceau, Manley & 

Sicklen 1997).   

 

Compared to overseas countries with a similar economic make-up as Australia, such as 

Canada and Finland, Australia’s level of patenting is low.  It suggests that the problems 

with commercialisation start at the pre-patenting phase.  Given that more than half of 

Australia’s medical patents emerged from the public sector – suggests that the main 

problem is that Australian industry is producing few patents.  This partially reflects the 

low technology composition of the resource-dominated industry in Australia.  To be on 

a comparative level with other OECD in terms of patents Australia needs to double its 

annual number of patent applications in the US (Narin et al. 2000).  The question is 

whether this should occur from the public sphere or from industry.  Australia’s level of 

public R&D funding is on a par with other OECD countries but its level of business 

R&D is generally low, about half the OECD average (Appendix 10.4).  There is a 

policy debate about encouraging business to increase its level of R&D and other forms 

of innovative activity.  The current level of business R&D is consistent with Australia’s 

current industrial mix.  So the crucial issue may not be to force industry into conducting 

more R&D but to grow R&D intensive industries. 

 

Medical patents could be identified among Australian patents registered in the US but 

that was only after reading the abstracts for 35% and the whole patent for 11% of 

Australian patents.  Thus, a subsidiary aim of the present study was to see whether the 

International Patent Classification (IPC) from the World Intellectual Property 

Organisation (WIPO) could be used as a convenient method of identifying medical 

patents.  However, using varying combinations of the top 5, 20 and 50 IPC subclasses 
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not only detected increasing numbers of medical patents but also increasing numbers of 

non-medical patents which means they tend to overestimate the number of medical 

patents.  Hence, the IPC alone cannot be used to select medical patents registered in the 

US, without extensive examination of the patents themselves.  In most research using 

patent data, these classifications systems are not validated.  The essential question is 

whether such an omission leads to biased results and incorrect conclusions.  For 

example, a recent Australian government report on business innovation using the 

International Patent Classification (IPC) code “A61” for identifying Australian medical 

and veterinary patents in the US ended up with around half the number compared to our 

study for the same period (Department of Industry Science and Technology 1996: 61).  

This patent data was used again in another report (Australian Expert Group in Industry 

Studies 2000).  As was shown in Table 4.18, just using “A61” underestimates the true 

number of medical patents by a factor of 2, which potentially lead to erroneous 

assessments, and hence, policy recommendations.   

 

4.5.3 Methodological issues: strengths and weaknesses of the study  

 

This is the first time that a study has examined Australian medical patents in such detail 

and evaluated the use a patent classification system as a tool to identify medical patents.  

Possible weaknesses in our study relate to three areas of potential misclassification in 

our patent data, which will be discussed in turn.  Potential misclassification of patents 

may have occurred with categorising: 

- a patent’s country of origin by any inventor being an Australian-resident;  

- medical patents; and 

- assignees. 
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4.5.3.1 Selecting Australian patents registered in the US on the basis of an inventor’s 

resident status 

When identifying the country of origin of a patent, there are two main conventions.  

First, the one used by the US Patent and Trademark Office (USPTO) is to identify the 

country of origin by the residence of the first-named inventor on a patent (USPTO 

2000a).  Second, is to select country of origin on the basis of any inventor being a 

resident, as was used for our data.  This was a method we inherited from CHI Research 

Inc (Narin et al. 2000).  So for the period of 1984-1999, there were 7,296 patents on 

USPTO (USPTO 2000a) and 7,835 on our patent database identified as Australian, a 

7% ([7,835-7,296]/7,835) difference.  Such a small difference in frequency means that, 

in all likelihood, similar conclusions would have been drawn from analysing Australian 

patents identified with either approach of determining a patent’s country of origin.   

 

In addition, with both approaches there is potential for selecting intellectual property 

originating in an overseas country which just happened to have an Australian inventor 

working on it.  A guide to the extreme upper extent of this bias, is to look at the 

proportion of Australian patents with at least one inventor or assignee is located in an 

overseas country.  As described in Section 4.4.3.3, this is 32% for medical and 19% of 

non-medical patents, meaning that at most this proportion of patents would be arising 

from overseas and not Australia.  It is difficult to predict the effect of such a potential 

bias on our results.  One method of assessing the effect of these patents on our 

conclusions would have been to exclude these patents and repeat the analysis and see 

whether this would change the results.   

 

Other methods of identifying Australian patents could include: 

- using resident status of inventors but only selecting patents with a majority of 

Australian inventors – each patent can be partly attributed to each country of 

residence mentioned (fractional count) and patents are chosen with a fractional 

count for Australia of greater than 0.5 (OECD 2001d); 

- using the country of origin of the assignee (this is probably not very reliable as 

many companies buy technology from overseas countries); or 

- only selecting patents which were originally filed in Australia.  
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These various options of selecting the country of origin of a patent all need to be 

evaluated as to their validity.  There is probably no perfect method for identifying 

Australian patents registered in the US. 

 

4.5.3.2 Selecting medical patents 

As there were not any published guidelines for selecting medical patents we had to 

devise our own definition and method of identifying medical patents.  With defining 

medical patents it could be debated whether certain technologies are really medical 

including, for example, patents related to optometry, nuclear magnetic resonance 

(NMR) spectroscopy and sunscreen lotions.  The technology related to optometry was 

very similar to that related to ophthalmology, therefore both were included.  For NMR, 

even though it is also used in chemical analysis, the patents indicated that the 

technology was primarily meant for medical applications.  Sunscreen lotions, which are 

classified as toiletries, are used to prevent sunburn and ultimately the development of 

skin cancers, and hence, were included.   

 

Our method of identifying medical patents, examining both the title and assignee names 

of patents, would favour the detection of medical technologies from assignees who were 

more prolific.  This may mean that medical patents related to other less prolific 

assignees may have been missed.  However, the extensive examination of abstracts, and 

when required of whole patents, hopefully minimised any such bias.  It is difficult to say 

whether such a potential bias would have altered our conclusions about medical patents.  

 

4.5.3.3 Possible misclassification of assignees 

In terms of assignees, the most likely misclassification that could have occurred is that 

any university, government, research institute, non-government organisation (NGOs), or 

technology transfer office, with a business type prefix (i.e. “Pty Ltd”, “Ltd”, “Corp”, 

“Inc”, “NV”, “AG” and “GMBH”), and not detected through searches on the internet, 

may have been misclassified as a business.  Hence, this would lead to an overestimation 

of the number patents owned by business and an underestimation of the number of 

patents owned by the remaining categories of assignees. 
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4.5.3.4 Using patent statistics for describing Australian technology 

As discussed in Section 2.8, the use of patent statistics, like other technology or 

innovation indicators, have their advantages and disadvantages (Patel & Pavitt 1995b; 

Department of Industry Science and Resources 1999).  In light of this study, 3 

observations need to be made.  First, patent data does not capture all new technology.  

In particular, some technology may not be patentable, and patenting can vary with 

economic conditions, strategic concerns of companies, between industries, and with 

company size.  

 

Furthermore, there are two more issues that need to be kept in mind when describing 

patents owned by business.  First, is that on the US patent database, “the names of 

companies and other institutions are not unified, in the sense that the same company (or 

institution) may appear several times in the data, with a slightly different name in each 

case.” (Patel & Pavitt 1995a)  To avoid this problem, our study unified all the names of 

organisations.  Second, patents owned by businesses are often granted under the names 

of subsidiaries and divisions that are different from the names of parent companies.  

Some companies even actively hide emerging technologies under different company 

names, so-called “submarine” patents (Garrett-Jones & Aylward 1995; Patel & Pavitt 

1995a).  Thus, the discussion of specific assignees, and especially prolific ones, may 

have missed patents hidden under other assignee names. 

 

4.5.4 Conclusion 

 

Little research has been done trying to identify and describe medical patents for a whole 

nation.  Our study highlights the importance of validating patent classification systems, 

such as the International Patent Classification (IPC), when using them to select patents 

for research. 

 

From this study it appears that medical, especially biotechnology, patents are an 

increasingly important part of Australia's intellectual property portfolio registered in the 

US.  Just sixteen organisations account for over one third of this patented medical 

technology.  Our findings suggest that medical patents may have a greater commercial 

potential, degree of international collaboration and dependency on published science.  
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However, the assertion that medical patents may be economically more important than 

non-medical patents needs validation in future research.   

 

The study also displays Australia’s difficulty in maintaining its patent portfolio with its 

vulnerability to the loss of any one of those organisations, which the example of 

Telectronics Pty Ltd demonstrates. 
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5. SURVEY OF AUSTRALIAN INVENTORS LISTED ON 
MEDICAL PATENTS IN THE US IN 1984-1994 

 

Everyone lives in their own Australia.  It is the creation of the imagination working on 

the data of strictly personal experience. 

John Hallows (desk calendar 26 Jan 2000)26 

 

This part of the thesis builds on the work in the previous chapter and describes the 

survey of Australian inventors listed on medical patents granted in the US between 

1984 and 1994.  The main purpose of this study is to identify the determinants of 

innovation for these medical patents. 

 

5.1 AIMS AND HYPOTHESES 

 

The primary aims of this survey are: 

- to describe the background of Australian medical inventors and their experience 

in commercialising their patent; 

- to assess for possible response bias primarily by comparing respondents to the 

mail-out survey with a random sample of non-respondents who were invited by 

phone to participate the survey; 

- to find out the proportion of patents that became technological innovations; 

- to identify the determinants of innovation by comparing patents that became 

innovations with those that did not;  

- to isolate the most important determinants of innovation (deemed to be early in 

the commercialisation process) through multivariable analysis and use them to 

develop an innovation potential score for medical patents; and 

- to retrospectively examine the role of institutions in generating technological 

innovations. 

 

                                                 
26 The quote apparently is from Sydney’s Sunday Telegraph in an article by John Hallows entitled “Our 

National Identity” but the exact date of publication could not be determined. 
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At the beginning of this survey, it was hypothesised that patents were more likely to 

become innovations if: 

- the patent is assigned; 

- the patent is assigned to a business; 

- more than one inventor is listed; 

- there is evidence of international collaboration with one or more inventors or 

assignees from overseas; 

- a prolific inventor is listed;  

- the patent cites scientific literature;  

- the patent encompassed specific technologies such as biotechnology;  

- the technology had a therapeutic rather than a diagnostic medical application; 

- the inventor had significant prior business experience; 

- the inventor was a clinician and had patient care responsibilities; 

- the inventor had authored more provisional and granted patents; 

- the inventor classified their technology as being “new” rather than incremental; 

- the research had been funded by a public research funding agency; 

- the level of investment for development was higher; 

- a business plan had been drafted; 

- market research had been undertaken; 

- a prototype had been developed; 

- an industry partner had been involved; 

- someone other than the inventor was in charge of commercialisation; 

- the person in charge of commercialisation had good business experience; 

- Australian government-funded programs for commercial development had been 

used; and 

- more extensive advice had been sought.   

 

5.2 METHODS 

 

This section on methods discusses study design, sources of data, design and piloting of 

the survey instrument, conduct of the survey, analysis of data and ethical issues. 
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5.2.1 Study design 

 

The current study is a cross-sectional survey involving the 402 first-named Australian 

inventors identified on the 602 (13%) medical patents granted in the US between 1984 

and 1994.  They were identified in the previous study in Chapter 4.  A national or 

“whole of population” approach to medical inventors is taken by surveying inventors on 

all medical patents in the US listing Australian resident inventors.  The rationale is to 

generate a nationally representative picture of the experience of Australian medical 

inventors.  The purpose is to avoid biases that occur by looking at a subset of the 

population such as just surveying inventors that reside in universities or industry or 

inventors known to have successfully commercialised their technology.   

 

A postal survey was conducted of all first-named Australian-resident inventors for 

whom an address was found.  All inventors responding to the mail-out questionnaire are 

described as “mail-out respondents”.  A random sample of one third of non-respondents 

to the second mail-out, and for whom an address had been found, were contacted by 

phone and invited to participate in the survey either via telephone interview or by 

completing the mail-out questionnaire.  These are all called “phone respondents”. 

 

The study is a cross-sectional study with three internal comparative studies (nested 

case-control studies) as outlined in Table 5.4.   

 

The first two comparisons are examining for a response bias by: 

- contrasting patent characteristics of all respondents with the remaining 

inventors (composed of non-respondents and inventors for whom contact details 

were not found); and 

- comparing patent and survey characteristics between mail-out and phone 

respondents.   

 

The third comparative analysis identifies the determinants of innovation for medical 

patents.  This is done by comparing patent and survey characteristics between inventors 

who successfully created a technological innovation and inventors that did not. 
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5.2.2 Identifying contact details for inventors 

 

As described in the last chapter, the first-named Australian inventors on patents were 

sorted alphabetically in Microsoft Excel (Microsoft Co. 1997; 2000b) and any errors or 

differences in spelling were corrected.  Thus, 402 different first-named Australian 

inventors were identified.  An address was usually only listed on the patents of 

individual inventors on unassigned patents.  The addresses of inventors documented on 

patents have been obtained from publicly available patents on: 

- the US Patent and Trademark Office (USPTO) Web Patent Database Centre 

(http://www.uspto.gov/patft/index.html [7 February 2000]); and 

- the IBM Intellectual Property Network, later called the Delphion Intellectual 

Property Network (http://www.delphion.com/ [27 May 2002]).  

 

Addresses of inventors documented on patents were confirmed and unknown addresses 

were sought: 

- in online phone directories including Telstra White Pages Online 

(http://www.whitepages.com.au/wp/ [20 August 2002]) or the Yellow Pages 

Online (http://www.yellowpages.com.au/ [20 August 2002]); 

- in the Medical directory of Australia (AMPCo 1996); 

- on internet sites found with the search engine Dogpile (http://www.dogpile.com/ 

[15 January 2002]) or via university or company websites using the name of an 

assignee; and 

- in scientific articles on Medline (US National Library of Medicine 1994) or via 

the Ovid Technologies Inc ('Medline via Ovid Technologies Inc' 2000-2002) 

website accessible through the University of Western Australia. 

 

Telephone numbers were also documented – in anticipation of the follow-up survey by 

phone.  For common names such as “Brown” an address was only used when two 

initials of the inventor matched that of the listing.  For less common names, matches 

would be accepted if the first initial was the same. 

 

5.2.3 Designing and piloting the questionnaire 
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All first-named Australian inventors listed on such medical patents, and for whom an 

address could be found, were surveyed by mail-out questionnaire.  Input into the design 

of the questionnaire came from survey tools used in previous studies by the Australian 

Bureau of Statistics (1994) and Professor David Blumenthal and his group (1996a; 

1996b).  The final draft of the questionnaire was reviewed by 3 patent attorneys and 2 

industrialists and piloted on 6 inventors attending the Commercialising Health 

Innovations Forum (CHIF) in Sydney in September 1997.   

 

The final questionnaire consisted of 44 questions looking at  

- the inventors’ background (Q1-9); 

- the outcome and type of patent and its competitive advantage (Q10-13); 

- the sources of ideas and funding (Q14-17); 

- the outcome of the commercialisation process (Q18); 

- the person in charge of commercialisation (Q19-20); 

- market research (Q21); 

- how far down the path to manufacture the technology ended up, possible reasons 

for not being manufactured and response of competitors (Q22-24); 

- the industry partner and their involvement, location, ownership and size (Q25-

30); 

- sales, the site of manufacture and the reason for choosing this site (Q31-34); 

- factors affecting the commercialisation process (Q35), advisors and programs 

used (Q36-38); 

- the inventor’s ranking of the 3 most important factors constraining and aiding 

the commercialisation process (Q39-40); 

- suggestions to improve the commercialisation process in Australia (Q41-42); 

- whether anything was missed by the survey (Q43); and 

- whether the inventor wanted a copy of the final research article (Q44). 

 

A copy of the covering letter and questionnaire is available in Appendices 10.8 and 

10.9.  The inventors were asked to answer questions about their first listed patent in the 

US which had not expired.  The title of the patent was included in the covering letter 

sent to them. 
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5.2.4 First and second mail-out of questionnaire 

 

The Australian medical inventors were contacted by mail with an introductory letter and 

questionnaire.  The introductory letter invited the inventor to fill in and return the 

attached questionnaire.  The first mail-out occurred on 15 December 1997 and the 

second mail-out on 18 February 1998.   

 

5.2.5 Phone or mail-out survey of non-respondents 

 

All inventors who had not responded to the mail-out questionnaire and for whom a 

telephone number could be found were listed alphabetically by surname.  Every third 

inventor was contacted by phone and invited to participate in a phone interview – using 

the questionnaire.  Usually the inventor would schedule an interview at a later and more 

convenient time.  Occasionally they would express a preference to be sent another copy 

of the questionnaire by mail.  If an inventor declined to be interviewed, they were asked 

for a reason for not responding and then the next listed inventor with available contact 

information was phoned.  The phone survey of non-respondents ran from 13 November 

1998 to 17 March 1999.   

 

5.2.6 Entering and storage of data 

 

The data from the questionnaires were entered onto a Microsoft Access database 

(Microsoft Co. 2000a) and stored using an identification number linking it to the 

original questionnaires.  In this manner if any electronic data was not understood or 

unclear then the original questionnaire could be re-accessed for clarification.  Each 

questionnaire contained the identification number and no other identifying information.  

These were stored in a secured filing cabinet in the Departments of Surgery and General 

Practice at the University of Western Australia, and later at the Telethon Institute for 

Child Health Research.  The list linking the identification number and the original list of 

inventors’ names and their patent details was filed in a separate drawer from the 

questionnaires.  Further details on data storage is described below in Section 5.2.10. 

 



 

 

149

5.2.7 Review of questionnaires with possible internal inconsistencies to classify 

technological innovations and industry partner involvement 

 

While entering data and as the descriptive analysis was being performed, 

inconsistencies in responses by inventors within the same questionnaire became 

apparent.  Though small in number, they were important to clarify.  First and most 

importantly about the outcome of the commercialisation process – whether the patent 

led to a technological innovation or not.  The main disagreement was between Question 

18 asking about patent outcome and Question 22 looking at manufacturing of the 

patented technology.  The second inconsistency was whether an industry partner was 

involved in the commercialisation process or not.  This discrepancy emerged between 

Question 18 and Questions 25 to 30 asking about the industry partner. 

 

If such irregularities were detected, the original questionnaire was reviewed to 

determine: 

- whether the patent led to a technological innovation; and  

- whether an industry partner was involved. 

 

These results are shown in Section 5.4.7 and detailed in Appendix 10.11. 

 

5.2.8 Analysis of data 

 

In order analyse the data, it was transferred from the Microsoft Access database to 

Microsoft Excel (Microsoft Co. 1994; 1997; 2000b) where it was stored, tabulated and 

graphed.  Statistical analysis was conducted using SPSS for Windows (Norusis 1997; 

2000).  The chi-square test or Fisher’s exact test was used to compare independent 

proportions.  The Mann-Whitney U test was used to test medians.  Medians, instead of 

means, were used as a measure of central tendency as the distribution for the variables 

of interest were skewed and not bell-shaped (Dawson-Saunders & Trapp 1990).   

 

In place of the terms univariate and multivariate analysis, bivariable and multivariable 

were used as recommended by Concato and colleagues (1993).  The term multivariable 

was employed as the analysis of this survey had a single outcome or dependent variable, 
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whereas multivariate implies multiple outcome variables (Concato, Feinstein & Holford 

1993).  Bivariable analysis was performed to: 

- compare respondents and non-respondents 

- compare mail-out and phone respondents; and 

- identify determinants that were significantly associated with a medical patent 

becoming an innovation. 

 

Before undertaking the bivariable or multivariable analyses, variables with 

subcategories that contained very small numbers or zeroes were either: 

- collapsed when subcategories for variables were mutually exclusive (i.e. for 

questions asking for one answer only); or 

- left out of the analysis for variables with subcategories that were not mutually 

exclusive – these variables came from questions where the inventor was able to 

circle or give more than one answer. 

 

For independent variables, with mutually exclusive subcategories, an overall chi-square 

was performed first.  Only if this was significant, with a p<0.05, would pair-wise 

analysis be performed.  However, for variables, where the subcategories were not 

mutually exclusive, only pair-wise analysis could be done.  The chi-square test usually 

consisted of a Pearson chi-square.  However if any expected cell contained less than 5 

observations, then a Fisher’s exact test was done.   

 

The final results for the comparison between patents that became innovations and those 

that did not is described using odds ratios.  The odds ratio for nominal or categorical 

variables, where there was no inherent order among categories (such as area of 

employment at the time of developing the intellectual property), were calculated for 

each category using all the remaining categories as the reference category.  If, during 

the bivariable analysis, only a single category within a variable was found to be 

significant, then for the multivariable analysis such variables were condensed into a 

dichotomous variable by collapsing all the non-significant categories into one.   

 

Multivariable analysis was completed using logistic regression with the binary outcome 

or dependent variable being the commercial outcome of the patent – whether it became 

an innovation or not.   
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The main purpose of the multivariable analysis was to identify the most important 

determinants and to develop a practical innovation potential score for medical patents 

in order to help inventors, investors and others to identify which patents have a greater 

potential to be technological innovations.  Variables representing later stages of the 

commercialisation process were excluded because of the risk of confounding by process 

itself – as will be explained in Sections 5.6 and 5.8.2.15.  The aim of this analysis was 

to confirm whether the independent variables, identified as being significant in the 

bivariable analysis, retained their significance in the simultaneous context of the other 

variables.  After excluding cases with missing data, the initial logistic regression models 

were developed in a random subset of 67% of patents (using the random function in 

SPSS) called Group A and validated in the remaining 33% (Group B).  The independent 

variables were tested in forward stepwise regression using the likelihood ratio with 

variables entered at 0.1 and removed at 0.11 level of significance.  Once the main 

effects model had been determined all possible interactions between the significant 

variables were tested both in a forward and backward stepwise manner.  As all variables 

used in the modelling were dichotomous (equal to 1 or 0), there was no need to test the 

squares of variables.   

 

The most parsimonious logistic regression model for the Group A subset of patents was 

used as the basis for developing the final model.  As there were 11 variables in this 

model, it was over fitted.  This was confirmed when comparing the receiver operating 

characteristics (ROC) curves in order to compare the predictive value of the final model 

between Group A and Group B.  The greater the area under the ROC curve, the better 

the predictive value of the model in identifying which patents have been successfully 

commercialised.  When the interaction variables were removed one by one that 

improved the area under the ROC curve for the Group B subset of surveys.  After 

excluding the interaction variables – all combinations of the remaining variables were 

modelled.  All the models were compared using a blend of the log likelihood and the 

area under the ROC curve.  The ROC curve analysis was undertaken for each model 

using their coefficients for each variable to develop individual probabilities for 

successful commercialisation.  The model with the greatest area under the ROC curve 

for Group B was determined to be the model with the best capacity to discriminate 

between patents which became technological innovations and those that did not.  The 
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latter was used to construct the innovation potential score for medical patents - a simple 

method for predicting the commercial potential of a medical patent.  These scores were 

calculated using a weighting of 1 for each variable in the final model instead of the 

regression coefficients. 

 

There are a number of potential problems in the logistic regression analysis (Concato, 

Feinstein & Holford 1993).   

- Results of models having fewer than 10 outcome events per independent 

variable are thought to have questionable accuracy due to overfitting or 

underfitting of data.  The 67% subset of 101 cases (Group A) used to generate 

the regression models included 57 patents which had been successfully 

commercialised.  This meant that an ideal maximum of 6 (57/10) variables could 

be used in the models – most of our models ranged between 4 and 8 variables.  

This is the reason a combination of the log likelihood and ROC curve analysis 

was performed to identify the final model.   

- To maintain transparency of our analysis the coding of all independent variables 

is specified in the bivariable analysis. 

- The biggest difficulty was the potential high correlation between independent 

variables in explaining the dichotomous outcome variable (innovation or non-

innovation patent), so-called collinearity of variables.  Multivariable analyses, 

which include highly correlated variables, might identify one or other as 

important but are not likely to include both variables in models.  Furthermore, 

with a high correlation the quantitative risk estimates for each variable may be 

imprecise.  As a precaution only the most relevant variables among similar 

variables were chosen for inclusion in the multivariable analysis.  For example, 

the type of involvement that the industry partner had in the commercialisation 

process (Q27) was excluded as such variables were likely to be correlated with 

the variable “industry partner” indicating whether an industry partner was 

involved or not. 

 

A number of problems that were avoided by using only dichotomous variables in the 

logistic regression models: 

- not having to worry about whether variables had a changing gradient; and 
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- not having to deal with outliers in a variable which can substantially influence 

results. 

 

Content analysis was performed of open-ended questions, primarily Question 39 to 43.  

All text was read, grouped into themes and finally categorised (Chapman 1998).   

 

5.2.9 Layout of results 

 

To maintain consistency most proportions in the results section are presented as a 

percentage of the 177 completed questionnaires.  Written or verbal responses from 

inventors quoted in the results tables are placed in quotation marks.  

 

5.2.10 Ethical issues 

 

All the patent information in this study, including the names of inventors and 

companies, is publicly available on numerous patent bibliographic databases.  Their 

addresses and other contact details, if not available on the patents themselves, were 

found on publicly accessible resources such as telephone or professional directories or 

bibliographic databases.  The protocol for this study was submitted to and approved by 

the Committee for Human Rights of the University of Western Australia (see Appendix 

10.7). 

 

Each participant was sent an introductory letter describing the study and inviting them 

to fill in and return a questionnaire.  Each participant gave their consent by returning the 

questionnaire by mail.  A copy of the introductory letter and questionnaire is enclosed 

in Appendices 10.8 and 10.9.  A random subgroup of about a third of inventors not 

responding to one of two mail-outs and for whom an address was found, were contacted 

by phone and invited to consent to participate in the survey either through an interview 

or by completing a freshly mailed-out questionnaire.  

 

A minor incentive for the participating inventors was an offer for a copy of the final 

report to be sent to those who indicated an interest in the questionnaire or during the 
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phone-interview (Question 44).  There were no hazards anticipated for the participants 

in this study. 

 

The main ethical issue in this study was to keep the personal details of the survey 

respondents separate from the responses to the postal and follow-up phone survey.  The 

name-identified data gleaned from the publicly accessible patents, websites or 

publications were stored in a separate password-protected database on the computer 

network at the Department of Surgery at Fremantle Hospital in 1995-1998, at the 

Department of General Practice in Claremont in 1999-2000 and at the Telethon Institute 

for Child Health Research in 2001-2003.  Following university practice, these data were 

usually backed up to a secure remote site every week.  All returned questionnaires and 

written records generated by phone-interviews were securely stored in a locked room in 

a locked filing cabinet when not in use.  The candidate was the only person with access 

to all the confidential data.  No name-identified data (other than what is already in the 

public domain) was and will be used in any scientific publication or presentation. 
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5.3 RESULTS – OVERVIEW AND RESPONSE RATE 

 

This segment demonstrates how inventors were selected and their response to the mail-

out and phone surveys.  An overview of the different analyses undertaken in this 

chapter is provided as an introduction to the rest of this chapter. 

 

5.3.1 Identifying inventors and their response to the survey 

 

Table  5.1: Number of Australian inventors on medical patents granted in the 

US for 1984-1994 

Number
Medical patents listing Australian inventors (total) 602
Inventors 

     - listed 1,295
     - individuals* 890
     - individuals after checking for errors in names 838
     - first-named Australian individuals 402#

 
* the names of the inventor’s had been standardised to surname, first name, second initial 
# the country of residence for the inventor is listed on patents 
 

After identifying the 402 first-named Australian inventors on medical patents in the US 

(Table 5.1), their addresses were sought on the patent or from publicly available 

databases as described in Section 5.2.2 above.  Possible addresses were found for 350 

inventors (Table 5.2).   
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Table  5.2: Number of medical inventors responding to mail-out and phone 

surveys 

 No. of 
inventors

% of 402 
inventors 

Response 
rate 

First-named Australian inventor 402   
First mail-out   
- possible addresses found – questionnaires mailed on  

15-Dec-1997 
350   

- “return to sender” 66   
- completed questionnaires 114   
Second mail-out   
- questionnaires mailed on 18-Feb-1998 160   
- “return to sender” 10   
- completed questionnaires 23   
Total questionnaires – not return to sender  
(likely correct address found) 

274 68%  

Total No. completed questionnaires (mail-out respondents) 137 34% 50%* 
Non-respondents – invitation by phone 
(13-Nov-1998 to 17-Mar-1999) 

  

- contacted by phone 49   
- declined to participate 9   
- accepted and completed interview by phone 33   
- completed re-mailed questionnaire 7   
Total No. phone respondents 40# 10% 82%a 
Total No. respondents 177 44% 65%b 
 
* response rate of all mail-out questionnaires which were not return to sender (137/[350-76]=50%) 
# this represents 29% (40/137) of non-respondents with known addresses 
a response rate of those approached to participate in a phone interview 40/49=82%   
b response rate of all surveyed inventors excluding questionnaire which were return to sender (177/[350-

76]=65%)    
 

Of the 350 inventors for whom an address was found, 76 were returned to sender, 

suggesting that these addresses are wrong (Table 5.2).  So overall 274 correct addresses 

were found, giving a 65% response rate to both mail-out and phone surveys.  Of the 137 

non-respondents with a known address and phone number, 36% (49/137) were 

contacted by phone and 29% (40/137) agreed to be surveyed by phone or mail-out 

questionnaire.  Seven of the 40 non-respondents who were surveyed opted to have the 

questionnaire mailed to them and to return it by post.  The mail-out and phone surveys 

were completed between 15 December 1997 and 17 March 1999.  This was between 3 

and 15 years after the patents had been granted in the US – a median of 8 years.  Given 

the findings in the literature review in Section 2.9.2, that 98 to 99% of patents that end 

up as innovations become so within 5 years of the patent being granted, means that the 
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majority of patents in this survey that were going to become technological innovations 

would have done so by the time the survey was conducted. 

 

Table  5.3: Reasons for inventors not responding to mail-out and phone survey 

 Phone contact of a random sample of 
non-respondents to the mail-out survey 

 agreed to 
participate (phone 

respondent)

declined interview

Too busy 22
Did not receive questionnaire 9
Uncertain about what happened to patent 3
Concern at disclosing confidential information 1 5
Inventor died recently 1* 1
Thought survey irrelevant 1 1
“I did not want to reveal at not having performed 

market research” 
1

“Overseas at time of survey” 1
“Survey too long” 1
Annoyed at being contacted 2
Total 40 9
 
* the second Australian inventor listed on the patent was interviewed 
 

Being “too busy” is given as the most common reason for close to half of non-

respondents for not participating in the survey (Table 5.3).  The fact that 13% (6/49) 

inventors have concerns at disclosing confidential information is predictable given the 

secrecy that is required prior to submitting patent applications and concerns that 

companies may have at disclosing confidential commercial information.  

 

5.3.2 Overview of the results section 

 

Table 5.4 represents an overview of the numbers of inventors involved in each of the 

analyses undertaking in this chapter.  There were 4,707 patents listing Australian 

inventors in the US between 1984 and 1994.  Of these, 602 were categorised as being 

medical in the previous chapter.  The section above showed how the 402 first-named 

Australian inventors were identified and responded to this survey.   
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Table  5.4: Survey of Australian resident inventors on medical patents granted 

in the US in 1984-1994 and subsequent analysis 

 No. 
US patents registered between 1984 and 1994, listing Australian resident inventors 4,707 

  
Medical patents identified 602 

  
First-named Australian inventors on medical patents 402 

  
1. Survey of inventors  

Respondents to mail-out questionnaire (mail-out respondents) 137 
Respondents to phone survey (phone respondents)*  40 
Non-respondents to mail-out & phone survey 97 
Inventors without contact details (no address found n=52, return to sender n=76) 128 

  
2. Descriptive statistics of surveyed inventors (respondents) 177 

  
3. Examining for a response bias: bivariate analysis  

Comparison of patents: - respondents 177 
- non-respondents & inventors without contact details 225 

  
Comparison of patents & surveys: - mail-out respondents 137 

- phone respondents 40 
  

4. Identifying the determinants of innovation  
Bivariate analysis comparing patents and surveys:  

- patents that became innovations (innovations) 89 
- patents that did not become innovations (non-innovations) 84 
(excluded as commercial outcome not known) (4) 

  
Multivariable analysis (logistic regression) comparison of patents and surveys:#  

- innovations 81 
- non-innovations 70 
(excluded because of missing variables) (21) 

 

* a random sample of non-respondents to mail-out 
# only variables found to be significant in the bivariate analysis were included 
 
 

 

 

 

 

 



 

 

159

The descriptive statistics of responses from all 177 respondents to questions in the 

survey are outlined in the next section.   

 

This is followed by bivariate analysis to examine the degree of response bias which was 

done by comparing:  

- the characteristics of patents of all respondents with non-respondents; and 

- the characteristics of patents and survey responses of mail-out and phone 

respondents to see whether phone-respondents differed from mail-out 

respondents. 

 

The determinants of innovation were identified by contrasting innovations and non-

innovations.  This was done using bivariate analysis to compare the characteristics of 

their patents and the survey responses of their inventors.  

 

Multivariable analysis was undertaken to identify the most important determinants of 

innovation for patented medical technology.  Variables that have their origins early in 

the commercialisation process and were found to be significant in the bivariable 

analysis were included in a multivariable analysis.  As will be explained in Section 5.6 

and 5.8.2.15, the reason for choosing variables (determinants) in early 

commercialisation was to avoid the confounding effects of the commercialisation 

process itself and thereby avoid identifying spurious determinants. 
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5.4 RESULTS – DESCRIPTIVE STATISTICS 

 

This section summarises the results of the survey before undertaking statistical analysis.  

The results are fully described in Appendix 10.10, including tables which detail the 

answers to each question.   

 

5.4.1 Inventors 

 

5.4.1.1 Gender and educational background (Q4-7) 

Only 3% (6/177) of the surveyed medical inventors are female.   

 

Eighty five percent of medical inventors have a background in science (44%), medicine 

(25%) or engineering (15%).  Of all the inventors with a medical background over three 

quarters (35/45) are specialists and 7% (3/45) are general practitioners.  Only 11% of 

inventors did not have a tertiary qualification. 

 

Half (53%) of medical inventors have a doctorate, 10% a masters degree, 8% a 

postgraduate diploma and 15% a bachelors degree.  The most common type of medical 

inventor, encompassing one third (61/177), is a science graduate with a doctorate.  The 

next most common type of inventor is a medical graduate with a doctorate (13% = 

23/177). 

 

Seventy eight percent of inventors trained in science have a doctorate, as did 51% with 

a medical and 30% with an engineering background.  Certainly medical inventors 

appear to be dependent on extensive university education, with 89% (158/177) having a 

university degree or tertiary-based qualification. 

 

5.4.1.2 Patient care (Q8) 

One quarter (46/177) of medical inventors have patient care responsibilities.  This 

proportion includes 40 medical doctors, 4 dentists, one orthotist and one optometrist. 
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5.4.1.3 Area of employment at the time of developing the intellectual property (Q3) 

Roughly divided, the areas of employment for medical inventors at the time of 

developing the intellectual property are:  

- research organisations (44% = 77/177); 

- industry (27% = 47/177); and 

- government (13% = 23/177) - of which 10% (18/177) are from public hospitals. 

 

The predominant area of employment, and thus, source of medical inventions leading to 

patents are from government funded positions i.e. 53% (93/177).  This includes 

universities (30%), public hospitals (10%), the CSIRO (7%), Commonwealth 

government (3%), and public research institutions (2%).   

 

Forty-one percent (73/177) of inventors come from the private sector including industry 

(27%), private clinical practice (8%), private research institutions (4%) or are self-

employed (3%).  

 

Inventors with patient care responsibilities who make up one quarter of inventors, were 

mainly working in hospitals 33% (15/46), universities 30% (14/46), private clinical 

practice 24% (11/46) and research institutions 6% (3/46).  These clinician inventors can 

be considered to be a variant of the concept of “users as innovators” (von Hippel 1976; 

Shaw 1985; Biemans 1991; Riggs & von Hippel 1994; Rickne 2002).  After excluding 

those working in private clinical practice, most of these can be classified as “academic 

physicians” who make up 20% (35/177) of medical inventors (e.g. as per Finkelstein, 

Scott & Franke 1981). 
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Table  5.5: Source of invention: first assignee versus area of employment for 

the inventor at the time of developing the intellectual property (Q3) 

 Area of employment at time of developing  
intellectual property (Q3) 

Workplace as 
source of 
invention 

(Q14.a&b)g 
Universit

y 
Remaining 

research org. 
Industr

y
Govern-

ment
Othera Total No. (row %) First 

assignee of 
patents  Public# Private  
Unassigned 8b,c - 1b 13b 11b,c 16 49 23   (47%) 
Business 15c 4c 2 31 5c 12 69 53   (77%) 
University 22 2 - - 1 - 25 19   (76%) 
Government 1 - 1 2 6 - 10 7   (70%) 
Research 
institute 

1 3 3 1 - - 8 7   (88%) 

CSIRO - 7d - - - - 7 7 (100%) 
Remaining 
categories 

7e - - - - 2f 9 5   (56%) 

Total 54 16 7 47 23 30 177 121 (68%) 
 
# includes CSIRO (n=12) 
a includes private clinical practice (n=14), multiple areas of employment (n=7), self employed (n=5), 

unemployed (n=2), retired (n=1) and non-government organisation (NGO; n=1).  For the 16 (in bold) 
unassigned patents this includes private clinical practice (n=9), multiple areas of employment (n=1), self 
employed (n=3), unemployed (n=1), retired (n=1) and NGO (n=1).  For the 12 assigned to business 
includes private clinical practice (n=4), multiple areas of employment (n=6), and self employed (n=2). 

b patents potentially belonging to the employer 
c patents that may have arisen from publicly funded institutions that are unassigned or assigned to 

business 
d all 7 patents came from inventors employed at CSIRO at the time 
e assignees include technology transfer organisation (n=5) & non-government organisations (NGOs; n=2) 
f  assignees are individuals (n=2) 
g this result came from Question 14 “Which were the important sources of ideas and information in the 

genesis of your invention described in your patent?” by combining all responses to “R&D in your 
workplace” and “Other areas in your workplace”  

N.B.  The numbers in bold indicate where the workplace of the first-named inventor may be in the same 
category as the first assignee (51%=90/177) 

 

Inventors indicate that the workplace is the source of invention for 77% ([121-23]/[177-

49]) of assigned patents and not unexpectedly for only 47% of unassigned patents 

(Table 5.5).  This means that by asking the inventor where they were working at the 

time of coming up with the invention gives a strong indication as to the source of 

invention.  The true proportion of patents arising from the workplace is probably higher 

as these answers are possibly an underestimate given that Question 14 had 24 parts to it. 

An argument could be made for unassigned patents, where the workplace is the source 

of invention, that the inventor’s employer may have a claim of ownership to the 

intellectual property.  This result, however, may also reflect a lack of employer interest 
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in such intellectual property.  Conversely, if this assumption is true, then somewhere 

between one third (33/49*47%) to a maximum of two thirds of unassigned patents 

(33/49) may be the intellectual property of the inventor’s employer namely, industry or 

publicly-funded institutions.  The 16 unassigned patents (in bold and classified as 

“Other” in Table 5.5) are excluded from this as they could well be expected to be 

unassigned as most of these inventors are in private clinical practice or self employed.   

 

The workplace of the first-named inventor appears to be congruent with the category of 

the first assignee in 51% (90/177) of patents (see figures in bold in Table 5.5).  This 

suggests that for assigned patents 58% (74/[177-49]) of inventors are working for this 

assignee at the time of invention.   

 

On another tack, of patents assigned to business: 

- just 45% (31/69) came from the business sector; 

- one third (24/69) appear to have arisen from publicly funded organisations; and 

- 20% (14/69) came from inventors in private research organisations (n=2), 

private clinical practice (n=4), with multiple jobs (n=6), or self-employed (n=2) 

(classified under “private” research organisations and “Other” in Table 5.5). 

 

It is uncertain which proportion of inventors were working in industry or the business 

sector at the time of invention, especially for the last group above.  This means between 

45% (31/69) to 65% (45/69) of inventions assigned to businesses came from industry.  

Around 27% (47/177) of patents involve the inventor working for industry at the time of 

coming up with the invention, however 39% (69/177) of first assignees are a business.   

 

Just over half of patents (53% = 93/177) involve the inventor working for a publicly 

funded organisation at the time of coming up with the invention, whereas only 29% 

(51/177)27 of first assignees are from the public sector.  The remaining patents from the 

public sector are predominantly unassigned (11% = 19/177) or assigned to a business 

(14% = 24/177).  In summary, this means that describing the first-named assignee as the 

source of invention (as discussed in Section 5.8.2.6): 

                                                 
27 From Table 5.5, these include university (n=25), government (n=10), research institute (n=4, i.e. 

excludes 4 private research institutes), CSIRO (n=7) and “remaining categories” (n=5 i.e. technology 

transfer organisations) 
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- underestimates by almost half the proportion of patents originating from the 

public sector; and 

- overestimates by one third the proportion of patents coming from industry. 

 

5.4.1.4 Current occupation (Q1) 

Just over a third (37% = 66/177) of medical inventors hold senior positions in industry 

as directors or managers, or in university as professors.  Comparing their previous 

employment (Q3) with their current occupation (Q1) shows that only 4% (8/177) of 

inventors appear to have moved from research organisations to industry.  Overall, 38% 

(68/177) of inventors are still researchers, 21% (37/177) are industry managers, 19% 

(34/177) are clinicians, and 8% (14/177) work as engineers. 

 

5.4.1.5 Occupation of co-inventors (Q2) 

Half of inventors do not mention that there is a co-inventor on the patent.  One quarter 

of patents involve inventors from the same professional sector and another quarter from 

different professional sectors.  Of the latter, half (22/44) include inventors who were 

industry managers and worked with researchers, engineers or clinicians. 

 

5.4.1.6 Previous business involvement (Q9) 

Two thirds (119/177) of surveyed inventors have some significant prior involvement 

with business.  Their involvement 43% of the time (51/119) is with a business related to 

the patent.  One third (55/177) of inventors worked at a senior level in business either as 

owners or managers of a business.  The remaining one third had either been employed 

in an unskilled capacity or had no previous involvement in business.   

 

5.4.1.7 Number of patents co-authored (Q12) 

The median number of other patents authored by inventors is 3 provisional patents and 

2 granted patents.  Assuming that inventors, who have not answered the question, have 

not authored another patent then the overall medians for the survey would be 2 

provisional and 1 granted patent.   
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5.4.2 Patent…… 

5.4.2.1 What has happened to the patent? (Q10) 

Fourteen percent of patents have been sold (Table 5.6).  Given that a further 54% 

remain in the hands of the original assignees – what has happened to the remaining 

32%?  They may have been licensed with ownership still residing in the hands of the 

original patentee or patent owner (inventors for unassigned patents or the assignees).  

One third of the patents have been licensed.  Overall 45% (80/177) of patents were 

either sold or licensed.   

 

Table  5.6: What has happened to your patent? (Q10) 

Has your patent been:* Number % of 177 

[Ownership]  
- sold 25 14% 
- still owned by original assignee(s) 96 54% 
- total 121 68% 

Licensed  
- exclusive agreement 42 24% 
- non-exclusive agreement 17 10% 
- total 59 33% 

Part of an agreement:  
- development 10 6% 
- confidentiality or non-disclosure 13 7% 
- both 4 2% 
- total 27 15% 

Modified leading to further patents 29 16% 
Submitted in countries other than Australia 
and the US 

73 41% 

Expired due to non-payment of fees 27 15% 
Subject of a legal challenge 7 4% 
Other  (Please describe)  
- don’t know what happened to patent 2 1% 
No answer provided 1 0.6% 
 
* major categories are mutually exclusive 
 

Under half (41%) of patents in this survey appear to be truly international patents 

having been submitted in countries other than Australia and the US.  The majority of 

these are probably belonging to triadic patent families and have been submitted in 

Europe, Japan as well as the US (OECD 2001c: 26). 

 



 

 

166

It is interesting to note that only 4% of medical patents were subject of a legal 

challenge.  This may have taken the form of opposition to a patent being issued or legal 

action for an infringement of patent rights.  Only 1% of inventors stated that they did 

not know what happened to their patent.   

 

Does the proportion of patents that are licensed or sold vary between the different 

sectors from which patents came from?  This can be answered by combining Questions 

10 and 3.  The proportion of patents that were licensed or sold include: 

- 57% (31/54) for university; 

- 41% (16/39) for the rest of the public sector including CSIRO and public 

hospitals;  

- 47% (22/47) for industry; 

- none (0/7) for private research institutions; and 

- 37% (11/30) for the remaining sectors including private clinical practice. 

 

5.4.2.2 Type of technology in patent (Q11) 

In response to “what does the patent principally represent?”, apart from 3 missing 

answers, inventors state that: 

- 28% (49/177) are an improvement in known technology; 

- 27% (48/177) are a substantial improvement in known technology; and  

- 44% (77/177) are new technology.   

 

This means that close to half (44%) of the inventors perceive their inventions to be 

more of a major advance in technology and the remaining half think that theirs was 

more incremental in nature.  It is unlikely that all inventions defined as “new” embody 

truly “radical” technology or innovations as defined by Freeman and Perez (1988: 46) 

such as the invention of Nylon or the oral contraceptive pill which lead to the growth of 

new industries.  While inventors may be overly optimistic about their patent, many 

could still be classified as “new technology” under OECD definitions, even if not 

leading to new industries.  However, most patents in this survey probably reflect 

technology of an incremental nature. 

 



 

 

167

5.4.3 Invented technology 

 

5.4.3.1 Competitive advantage (Q13) 

The two major competitive advantages of the patented medical technology is that for 

46% it offers more effective therapy and for 39% it creates new markets for the industry 

partner.   

 

5.4.3.2 Source of ideas (Q14) 

The most important source of ideas or information when developing the patent for two 

thirds of inventors is from R&D in their workplace, primarily in Australia (63% = 

112/177).  This finding is widely supported by previous research (Tijssen 2002).  Other 

important sources are from professional journals (31%), from treating patients (24%) 

and from universities (20%) both here and overseas.  By combining the two categories 

related to the inventor’s workplace, it appears that an inventor’s workplace is the source 

of invention in 68% (121/177) of patents.  

 

5.4.3.3 Source of funding for research (Q15) 

The outstanding point is that 64% of patented medical technology did not arise from 

research funded by a registered research agency.  Their funding sources are probably 

incorporated with those outlined above.  Thus, one third of patents came from research 

funded by a registered research agency.  Second, the NHMRC funded research for 14% 

of such patents and the Australian Research Council for 5%.  A further 6% benefited 

from scholarship funding for a postgraduate student.  Though not asked in the survey, 

postgraduate research scholarships are most likely funded from public sources, such as 

the NHMRC.  Making this assumption and remembering that some patents received 

multiple sources of funding, then overall: 

- 20% (36/177) of patents come from research supported by granting agencies 

which are publicly funded; 

- 3% (6/177) from publicly and privately funded agencies; 

- 2% (4/177) come from private organisations; and  

- 2% (3/177) come from US based agencies funded both by the private and public 

sector.   
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Thus, overall 24% (42/177) of Australian medical patents in the US involved some 

research that was underpinned by an Australian publicly-funded agency.  

 

5.4.3.4 Cost of commercialising invention (Q16) 

The median amount that it cost to commercialise the 148 medical patents for which an 

amount was stated is between 100,000 and 500,000 Australian dollars.  This is worth 

between USD$64,200 to USD$320,998 in 1998 (Bank of Canada 2000).28  This is fairly 

consistent though more than the finding in Italy by Sirilli (1987) who estimated the 

average cost to be USD$32,000 (Table 2.6).29  Using the currency converter30 and 

adjusting the dollar value by consumer price index – this figure is worth USD$45,800 in 

1998.  The higher cost of commercialisation associated with our study may relate to the 

fact that: 

- Sirilli was looking at domestic patent applicants rather than patents granted in an 

overseas country (e.g. the US);  

- our study was looking patents leaning towards a high technology sector; and 

- our calculation excluded inventors who did not provide an answer. 

 

5.4.3.5 Source of funding for commercialisation (Q17) 

The most common source of finance surprisingly was personal (32%).  This is closely 

followed by funding from the industry partner (31%), the inventor’s employer (24%) 

and the organisation where invention arose (20%).  There is probably a fair degree of 

overlap between these three categories for funding sources.  Interestingly, only 11% 

used the 150% or 125% R&D tax concession in Australia as an aspect of funding the 

commercialisation of their technology.  Overall there appears relatively little other 

funding of the commercialisation process by government with:  

- 8% from AusIndustry or Industry Research & Development (IR&D) Board; 

                                                 
28 Based on the exchange rate for 5 January 1998 (midway through the survey). 
29 The figures from Macdonald (1982; 1984) were extremely low and therefore left out of this discussion.  

He found that the median cost of development in 1981 was USD$117 (i.e. USD$209 for 1998) which 

would not even cover the cost of a patent search by a patent attorney. 
30 Historical currency converter http://eh.net/hmit/compare/ [4 December 2003] 
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- 3% from technology transfer company e.g. Unisearch or ANUTECH 

- 3% from the National Health and Medical Research Council (NHMRC) 

- 2% from Austrade; and 

- 1% from a cooperative research centre (CRC). 

 

Very few other inventors rely on funding from the Federal government for their 

invention.  Even though the NHMRC contributes to the research funding for 14% of 

patents (Section 5.4.3.3), it only funds the commercialisation for 3% of patents.   

 

5.4.3.6 Outcome of invention (Q18) 

According to the answers given to this question (Table 5.7):  

- 48% (85/177) of patents led to a marketed product or service of which 3% 

(5/177) generated both a product and a service.   

- 3% (5/177) of patents were for improved production processes one of which also 

led to a marketed product.   

 

Thus, 50% (89/177) of patents led to a product or process innovation, in other words a 

technological innovation.31  

                                                 
31 N.B. due to inconsistencies in responses to this question and primarily Question 22, stating that 54% of 

patented technology had been manufactured, questionnaires were reviewed.  This figure for the number 

of technological innovations, however, unexpectedly remained the same at 50% (89/177) with 8 patents 

initially identified as innovations according to Question 18 being reclassified as non-innovations because 

they had not been manufactured or not used in a production process.  And 8 non-innovations were 

reclassified as innovations, for example, because they had been manufactured and generated sales - see 

Section 5.4.7 and Appendix 10.9. 
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Table  5.7: What has occurred to the invention described in your patent? (Q18) 

Outcome Number* % of 
177 

Market research undertaken 61 34% 
Business plan drafted for developing invention 58 33% 
Financial backing sought 45 25% 
Prototype was:  

- tested 82 46% 
- made 79 45% 
- tested in clinical trial 73 41% 
- total 132 75% 

Industrial company or industry partner:  
- already found 50 28% 
- being sought 30 17% 
- was found and now lost 29 16% 
- is your employer 15 8% 
- [total industry partner involvement (any of latter 3 categories) 91 51%] 

Invention led to marketed product#,a 81 46% 
Patent is basis of a new service# 9 5% 
Nothing since submitting the patent 23 13% 
Other  (Please describe)  

- patent was for an improved production processa 5 3% 
- patent was just one part of productb 3 2% 
- patent led to several products 3 2% 
- “earlier patent led to product – current patent is acting as a 

blocker to competitors” 1 0.6% 
- “bought by company to prevent its development” 1 0.6% 
- don’t know 2 1% 

No answer provided 1 0.6% 
 
* inventors often gave multiple answers to this question – thus the total number of replies is 874 
# 5 patents led to both a marketed product and a new service, thus 85 patents led to a marketed product or 

a new service 
a one patent for an improved production process also “led to marketed product” 
b patents which are part of a product often are not made to a fully functioning prototype nor do they require 

separate market research for their commercialisation 
 

During the development of one third of patents, a business plan was drafted and market 

research was conducted.  In addition, 75% of the patents had a prototype of the 

invention made or tested.   

 

According to answers to this question, 51% of patents involve an industry partner at 

some stage.  However this differs to responses given in subsequent questions, especially 
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Question 25 asking about an industry partner, and so following the aforementioned 

review of questionnaires this figure was revised to 76% (135/177) (Appendix 10.11). 

 

5.4.3.7 Person in charge of commercialisation (Q19&20) 

The surveyed inventor is in charge of commercialisation for 25% (44/177) of the 

patents including 4% in conjunction with another person.  Forty percent (70/177) of the 

time it is an employee of the industry partner (25%) or some other company (15%) that 

is in charge.  Close to one in five inventors state that “no-one” was in charge of 

commercialising the patented technology.   

 

The possible reasons why one third to close to one half of inventors did not answer the 

question about the person in charge of commercialisation could include that the 

technology is no longer being developed or manufactured or because the issue is too 

sensitive for the inventor to disclose.  Given that 18% of surveyed inventors said no-one 

was in charge, it is likely that between 14% to 18% of inventors feel this question is too 

sensitive.  Such sensitivity or reluctance to answer is probably because the topic 

concerns the inventor themselves or someone with whom they have held a long term 

professional relationship.  During interviews I found a certain reluctance amongst 

inventors to answer this question. 

 

It appears that the people in charge of the commercialisation of Australian medical 

patents in the US are most highly regarded on their understanding of the intellectual 

property and least in their experience in commercialising medical technology.  Overall 

the person in charge is rated as being predominantly “good” or “average” and few were 

rated as being “poor”. 

 

5.4.3.8 Market research (Q21) 

Overall 64% (113/177) of inventors surveyed state that some form of market research 

has been undertaken as part of the commercialisation process.  This research largely 

took the form of assessing market size and the products of competitors.  One third of 

patented inventions include a survey of potential clients after using a prototype.  

Another third are created in response to client needs suggesting the technology is a 

market-driven development.   
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Question 18 identifies 34% (61/177) of inventors stating that market research had been 

done, whereas here in Question 21 this increases to 64% (113/177).  Why?  Does this 

mean that the inventor initially was unsure as to what was meant by “market research” 

or did Question 21 pick up inconsequential market research.  Certainly asking about 

“assessing size of market” and “examining products of competitors” does not 

differentiate between a cursory or sophisticated analysis.  This inconsistency could be 

clarified by asking further detail about the method used in the market research.  To get 

an overall measure whether any market research has been undertaken the answers for 

Question 18 and 21 are combined indicating 69% (123/177) have performed some form 

of market research. 

 

5.4.3.9 Manufacturing the patented technology (Q22) 

It appears that 44% of patents are being manufactured and 10% have ceased 

manufacturing – all in all 54% of patented technology had been manufactured.  

However, this differs with answers given in Question 18 for some patents where the 

inventor sometimes did not indicate whether the patent resulted in a marketed product 

or a new service.  This suggests “manufacturing” in some cases may have been an 

initial production run not leading to a marketed product or service.  For this reason 40% 

(71/177) patents had their surveys reviewed to make a final decision on whether it leads 

to a technological innovation (see Section 5.4.7 and Appendix 10.11).  This is why the 

total number of patents classified as successfully commercialised was 50% instead of 

the 54% which had been manufactured.   

 

5.4.3.10 Reasons for not being manufactured (Q23) 

Question 23 is answered by 35% (62/177) of inventors.  The inventors who did not 

answer this question, in all probability would expect their technology to be developed.  

The main reason for the patented technology not being commercialised is a “lack of 

interest from industry”(14%), as it is “uncompetitive” (6%), or because the industry 

partner was bought out by a competitor (5%) or the market is too small (4%).   
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5.4.3.11 Response of competitors (Q24) 

Forty percent (71/177) of competitors respond to the development of the patented 

technology usually by copying the technology (25%), creating a new product (15%) or 

mounting a legal challenge to the patent (8%).  Most competitors mount one strategy 

but 14% (24/177) use between 2 to 4 competitive strategies. 

 

5.4.4 Industry partner 

5.4.4.1 Corporate status (Q25) 

Overall two thirds of patents (118/177) appear to involve an industry partner at the time 

of the survey.  In under half of cases (80/177) the commercialisation process involves 

an industry partner that is either a public (18%), independent (11%) or a subsidiary 

(7%) company or a private firm (10%).  In 23% of patents the industry partner changes 

their corporate status during the commercialisation process - involving one in three 

industry partners.  Most (29/40) of these involve corporate takeovers – in other words 

one in six patents (16%) involves a corporate takeover: 

- 11% (20/177) by an overseas company; 

- 3% (6/177) by an Australian company; and 

- 2% (3/177) by both Australian and overseas companies at different times. 

 

Initially 67% (118/177) of patents appeared to involve an industry partner at the time of 

the survey.  This figure includes 7, who upon the review of questionnaires, were found 

not to be involved anymore and this figure was revised to 63% (111/177) – see Section 

5.4.7 and Appendix 10.11.  It was also established that 76% (135/177) of patents 

involve an industry partner at some stage during the commercialisation process. 

 

5.4.4.2 Type of company (Q26) 

Not surprisingly, the most common industry partners are pharmaceutical, biotechnology 

and medical technology companies making up 85 of the 118 industry partners i.e. 72% 

which are involved with half (85/177) of the surveyed patents.  By combining answers 

to Questions 26 and 27 it appears that 3% (6/177) of patents involve a start-up company 

specifically set up for commercialising the patents.  The patents for these start-ups come 

in equal 1% proportions from university, industry, and the rest of the public sector.  
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Though this may be an underestimate as there is no specific option listed pertaining to 

start-ups for inventors to circle in the survey. 

 

5.4.4.3 Involvement in commercialisation (Q27) 

Early industry involvement occurs with 24% (43/177) of patents with the business 

partner either being the source of original idea or research, or employing or having 

some other link with the inventor.  Generally industry participation is from the time of 

submitting the patent onwards.  In 51% (91/177) of patents, the industry partners are 

involved with constructing and testing prototype (i.e. product development), market 

research, and providing finance and manufacturing facilities.   

 

5.4.4.4 Country, ownership and size of industry partner (Q28-30) 

As a proportion of all patents, the industry partner is generally based in Australia (33% 

= 59/177) and in the US (23% = 40/177).  The remaining 24% are with industry 

partners based in one or two other overseas countries.  Seventy-seven percent of 

Australian based companies are majority Australian owned.  Not surprisingly the 

overseas companies are larger with a median of 1,000 or more employees whereas 

companies in Australia are a lot smaller with a median of 65 employees.  Of the 

companies located in Australia 71% (24/34) fit into the definition of small to medium-

sized enterprise (SME).  These are companies ranging from sole traders to up to 250 

employees.  For companies overseas, the converse is true, with only 25% (9/36) being 

SMEs and 75% (27/36) being large enterprises employing more than 250 people. 
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5.4.5 Manufacturing invention 

 

5.4.5.1 Years of manufacture (Q31) 

Thirty-two percent of patented technology is manufactured for more than 4 years.  In 

other words the median duration of manufacture is more than 4 years for patents which 

are commercialised.  This is consistent with the findings of Firestone (1971) who found 

that the median duration of manufacture was 5 to 9 years.  However, his figure relates to 

the 1960s and the expectation was that the duration of manufacture would have 

decreased (e.g. Sanderson & Uzumeri 1995). 

 

5.4.5.2 Sales of technology (Q32) 

Of the 177 patents in the survey, 34% (60/177) generated sales in the previous financial 

year in 1997 or 1998.  And 13% (23/177) had sales of over AUD$1 million in the 

previous financial year between 3 and 15 years after the patent had been granted (a 

median of 8 years). 

 

The overall value of the sales in the previous year is estimated to be $287 million 

(Appendix 10.10).  Knowing that the median duration of manufacture is more than 4 

years, and that from previous surveys the median duration was between 5 and 9 years 

(Section 2.9.2), a conservative estimate for the median duration of manufacture is 5 

years.  Thus, potentially these patents have generated sales in excess of AUD$1.435 

billion (5 years*$287 million).   

 

As a rough estimate, the average sales generated per patent is AUD$8.1 million 

(AUD$1.435 billion / 177 patents).  However, approximately 19% (33/177) of patents 

would be responsible for generating most of these sales.   

 

5.4.5.3 Country of manufacture (Q33) 

According to Question 33, 58% (102/177) of patented medical technology ends up 

being manufactured – however as will be seen in Section 5.4.7 – not all patents that are 

manufactured result in a technological innovation.   
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Of all patented technology in the survey: 

- 37% (65/177) are manufactured in Australia; 

- 22% (39/177) are manufactured in the US; 

- 4% (8/177) are manufactured in the UK; 

- 4% (7/177) are manufactured in Germany; and 

- 3% (5/177) are manufactured in Japan. 

 

These Australian medical patents are manufactured in many different countries with 

15% (27/177) being manufactured in 2 or more countries. 

 

In summary, 37% (65/177) of medical patents in the US of Australian inventors are 

manufactured in Australia and 33% (59/177) are wholly or partly manufactured 

overseas.   

 

After separating out all 102 patents that are manufactured, 64% are manufactured in 

Australia and 57% overseas. 

 

5.4.5.4 Reason for choosing country of manufacture (Q34) 

For the 58% (102/177) of manufactured patents - the main factor (59% = 60/102) 

influencing the site of manufacture is where the industry partner happens to have their 

manufacturing site.  The location of manufacture for 10% of patented technology is 

affected by a lack of support from either Australian industry or government.  Contrary 

to expectation, only 6% of inventors state that no suitable manufacturing facility was 

found in Australia.  However, given that most technologies are manufactured by the 

industry partner suggests that the inventor is generally not specifically looking for an 

Australian manufacturing facility.   

 

5.4.6 Commercialisation process 

 

5.4.6.1 Factors affecting commercialisation (Q35) 

The main barriers to commercialisation that medical inventors encounter include: 
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- poor access to finance in Australia (50%); 

- small size of Australian industry in field of invented technology (49%); 

- poor interest from Australian industry (44%); 

- small size of Australian market (43%); and 

- poor expertise in Australian industry (38%) and finance industry to understand 

invention (41%). 

 

The main factors which facilitate the commercialisation process include in descending 

order: 

- large size of overseas market (62%); 

- acceptance by customers or patients (51%); 

- interest from industry overseas (47%); 

- demand by customers (39%); and  

- trust of industry partner (33%). 

 

5.4.6.2 Sources of advice on commercialisation (Q36) 

The average number of advisers sought by inventors during the commercialisation 

process is 1.8 advisers or a median of 1 adviser, which is not very high.  So from whom 

do inventors seek advice?  Not surprisingly 54% primarily seek advice from their patent 

attorney.  Almost one third look for advice from a marketing expert, one in six from a 

lawyer and one in seven from an accountant.  Given that 45% of patents are either sold 

or licensed, one would expect inventors, for example, to seek more advice from people 

with expertise in licensing e.g. lawyers and accountants. 

 

5.4.6.3 Government programs used during commercialisation (Q37) 

Of the 177 inventors interviewed for this study, 82% (145/177) have not benefited from 

a Commonwealth or State government grant aimed at assisting Australian companies.  

Of the 18% (31/177) that did – 12% (21/177) of inventors use only one program, but 

4% (7/177) use 2, 1% (2/177) use 3 and 0.6% (1/177) use 4.  The Export Market 

Development Grants Scheme32 is the main Commonwealth Government Program used 

by inventors in the survey when commercialising their technology.  

                                                 
32 See http://www.austrade.gov.au/ [4 December 2003] 
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Such low usage of government programs may be because inventors worked for public 

organisations and that most technology was either sold or licensed to an established 

company, and only 3% involved a start-up company.   

 

5.4.6.4 Inventor’s opinion of Australian government and industry (Q38) 

In terms of commercialising their invention, the role of government is not seen as an 

issue for between one third and one half of the inventors.  However, between 27% and 

42% of inventors thought that the support from government is poor including in: 

- provision of funds for developing invention (42%); 

- vision for industry (39%); 

- using purchasing power to support Australian products (33%); 

- industry policy (32%); 

- Austrade (28%) which is the Federal Government agency assisting Australian 

companies win overseas business by providing support in developing 

international markets; 

- using political networks overseas to support Australian products / industry 

(27%). 

 

Only 3% to 18% of inventors rate the support from the Commonwealth Government as 

good, with provision of funds for developing the invention ranking the highest.   

 

Similarly for Australian industry around one quarter to a third of inventors rate industry 

in Australia as poor and yet a similar number inventors indicate industry on the various 

categories as good.  The exception being that 23% of inventors think that the level of 

tax on start-up companies is poor and only 8% think it is good. 

 

5.4.6.5 Constraints on commercialisation (Q39) 

The remaining questions in the survey (except Question 44) are open-ended (more 

inductive in nature) in order to give a deeper and more individual perspective of the 

inventors’ feeling about the commercialisation process.  The responses are categorised 

and put into tables.   
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It is not surprising that the main constraint to commercialisation that inventors identify 

(41%) is inadequate finances.  This is consistent with the finding above for Question 35 

where 50% indicated that one of the barriers to commercialisation in Australia is poor 

access to finance.  This lack of finances not only encompasses venture capital or the 

equity gap but inventors found shortages in all phases of commercialisation from R&D 

through to marketing. 

 

The second most common constraint affecting one third of inventors is a perceived lack 

of support ranging from colleagues, the Australian public, health professionals and 

Australian government and industry.  This may reflect the the existence of a negative 

enterprise culture in Australia (Industry Task Force on Leadership and Management 

Skills 1995), the so-called tall-poppy syndrome. 

 

A quarter of inventors highlight market constraints, primarily the difficulty accessing 

world markets (10%) such as through building links with overseas distributors.  Other 

market constraints include: 

- the difficulty in gaining acceptance of a new product (6%); and 

- the small size of the market for the product (3%) especially for the Australia 

market (2%).  

 

Commercial barriers are the fourth most common constraint.  These include difficulty 

finding an industry partner (8%), problems of competition from existing products (5%) 

and the challenge of finding an Australian manufacturer (3%). 

 

5.4.6.6 Factors aiding commercialisation (Q40) 

Over one quarter of inventors state that their own personal attributes are one of the three 

most important factors aiding the commercialisation process – the most important of 

which is perseverance.  Not surprising the next two most important factors aiding 

inventors is that the patent encompassed a quality product (25%) with strong market 

access and demand (24%). 
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Twenty percent state that specific support helped in the commercialisation process.  

These include support the industry partner, employer, colleagues, university and the 

government. 

 

The fifth most important factor aiding 20% of inventors is good management of the 

commercialisation process primarily by the industry partner.  

 

Surprising is that access to funding is the fifth factor - and not the most important factor 

- aiding the commercialisation process. 

 

Close to one in ten inventors feel that good links especially access to R&D facilities 

helped in commercialising invention.  The exact nature of these supports from “good 

links” were not detailed and may have been a form of financial aid, for example, by not 

being charged for the use of facilities. 

 

5.4.6.7 Improving the commercialisation of Australian medical inventions (Q41) 

It is not unexpected that 41% of inventors deem improving access to funds as the main 

way to improve the commercialisation of Australian medical technology.  They think 

that government has a major role in providing this funding either directly or indirectly 

through tax concessions.  The nature of this funding ranges from research and 

development, patenting, venture capital to start-up companies.   

 

One in four inventors recommends that the management of commercialisation needs to 

be improved. 

 

The third lot of recommendations includes support for innovation in Australia (24%) 

especially a shift in Australian culture to support and celebrate inventiveness and 

entrepreneurship (9%).   

 

A couple of inventors indicate that research funding agencies such as the NHMRC need 

to view more favourably research applications which have commercial potential and to 

value patents as much as publications.  Similarly they wish that universities should 

value patents as much as publications in terms of funding and promoting academics.   
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In addition, they articulate that there should be more incentives for government 

bureaucrats to be involved in commercialising technology or forming links with 

industry. 

 

The final group of recommendations involve improved access to advice on 

commercialisation.  Most often inventors desire some type of commercialisation centre 

where they can access first-class advice and assistance in forming links with industry, 

finding funds or facilities for testing inventions.  Such services inventors generally want 

funded by government.  However, the locus of control for such a body could either be 

within a government bureaucracy or as an independent organisation or this is not 

specified.   

 

5.4.6.8 How could the invention have been made in Australia? (Q42) 

The most common recommendation to enable the invention to be manufactured in 

Australia is to have an established industry in the area of the invented technology (6%).  

The second major barrier to commercialising in Australian is the unwillingness of 

Australian industry to diversify (5%).  The third most common barrier is that current 

Australian manufacturing facilities need to be improved.  This is followed closely by a 

perceived reluctance of Australian industry to commercialise Australian inventions.  

The fifth point of concern is that if there is better support and funding of 

commercialisation in Australia the invention could have been manufactured in 

Australia.  These indicate that the barriers to innovation lie within the culture and 

organisations of Australian industry and in the broader institutional environment. 
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5.4.7 Summary of commercial outcomes for medical patents 

 

The commercial outcome for medical patents was determined following the review of 

questionnaires, primarily to ensure correct classification of patents as technological 

innovations or not (Appendix 10.11).  This was particularly important as this was to be 

the outcome (dependent) variable in the bivariate and multivariable analysis examining 

the determinants of innovation.  The main inconsistency in responses by individual 

inventors was between the answer to Question 18 “invention led to marketed product” 

or “patent is the basis of a new service” or “patent was for an improved production 

process” and Question 22 where inventors circled whether the patent was “being 

manufactured” or “ceased manufacturing”. 

 

After reviewing 40% of the questionnaires, 50% of patents were confirmed to have 

become technological innovations (Appendix 10.11) with 8 patents reclassified from 

innovation to non-innovation and coincidently another 8 from non-innovation to 

innovation.   

 

The question is how to treat patented technology classified as still being under 

development.  There is good reason to think that maybe these patents had low 

probability of being successfully commercialised especially as the survey was 

conducted a median of 8 years (ranging from 3 to 15 years) after the patent had been 

granted, with the patenting process taking an average of 2 years,33 and thus, if it had not 

been developed by the time of the survey it would be fair to surmise that it is unlikely to 

be developed.  The exception to this are probably pharmaceuticals and some 

implantable medical devices (Rickne 2002).  Firestone (1971: 102-103) found that for 

patents granted in Canada in 1963, of patents which were commercialised 63% were put 

to “economic use” before the patent was granted and another 26% were put to use in the 

year the patent was granted.  So by the time a patent is granted 89% of patents which 

are going to be commercialised, have been commercialised. 

 

Another point that supports the notion that these patents are not going to be 

commercialised is that 62% (20/32) of these inventors when surveyed indicated that 

                                                 
33 See http://www.european-patent-office.org/tws/tsr_2001/ch4/4.4.php [4 December 2003] 
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they either had no industry partner, were seeking one, or they had lost one (see Table 

5.10 below).  So the majority of these patents do not have the support of an industry 

partner, which is a necessary requirement to develop the technology. 

 

This means that the technology that has been defined as being in the development phase 

is probably unlikely to be developed.  This impression is further ingrained from reading 

between the lines of surveys and from interviews with inventors.  Some inventors would 

say that their technology is still being developed even though nothing had been done 

since patenting the technology, for example, because they were too busy.   

 

Table  5.8: How far down the path of manufacture is your invention and where 

is it being developed or manufactured? (Q18&22) 

 Site of manufacture and 
development 

 

Commercial outcome Australia Overseas Both Total % of 177
Technological innovation 38 25 26 89 50%
Invention in development 
phase 

18 5 9 32 18%

Unlikely to be developed  52 29%
Don’t know  4 2%
Total 56 30 35 177 100%
 

 

Of the 121 patents which are either being marketed or developed 46% is in Australia, 

25% overseas and 29% both in Australia and overseas (Table 5.9).   

 

 

Table  5.9: Commercial outcome of patent and country of manufacture 

 Site of manufacture  
Commercial outcome Australi

a
Oversea

s
Both Othera Total 

Technological 
innovation* 

39 26 19 5 89 

Rest# 4 11 3 70 88 
Total 43 37 22 75 177 
 
* these numbers are used in Figure 5.1 
# this category includes patents classified as “invention in development phase”  or “unlikely to be 

developed” or “don’t know” as per Table 5.8 
a Inventor either did not know or did not answer the question 
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The numbers in Table 5.9 differ with Table 5.10 because the latter is looking at the site 

of development and manufacture – and Table 5.10 focuses solely on the site of 

manufacture.   

 

Of the 58% (102/177) patents manufactured, 10% (18/177) despite being manufactured 

do not end up being marketed as a product or service.  These are probably initial 

production runs.  Overall 37% (65/177) of medical patents in the US of Australian 

inventors end up being manufactured in Australia and of these 33% (58/177) end up 

being marketed as a product or service or improved production process.   

 

Of the 50% (89/177) that became technological innovations, 42% (74/177) were still 

being manufactured at the time of the survey and 8% (15/177) have ceased being 

manufactured. 

 

Table  5.10: Status of industry partner and commercial outcome (Q18&22&25) 

 Commercial outcome  
 Technologica

l innovation
Under 

development
Unlikely to be 

developed
Don’

t 
kno

w 

Total 

Industry partner 73 12 12 3 100 
Industry partner but seeking 
another 

4 6 1 - 11 

Lost industry partner & seeking 
another 

- 2 - - 2 

Lost industry partner 7 1 14 - 22 
Seeking industry partner 2 8 7 - 17 
No industry partner - 1 4 - 5 
No answer provided 3 2 14 - 19 
Don’t know - - - 1 1 
Total 89 32 52 4 177 
 

 

Overall 76% (135/177) of patents involve an industry partner at some stage.  The 

patents, which result in a marketed product or service, overwhelmingly (94% = 84/89) 

incorporate an industry partner with 4% seeking another and 8% having lost their 

industry partner (Table 5.10).  However, of the technology under development almost 

two thirds (20/32) have either no or lost or are seeking an industry partner.  This again 

suggests that their prospects for commercialisation are fairly poor. 
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The final commercial outcome of the survey is that 50% of patents result in a 

technological innovation (Figure 5.1).  Examining the outcome of technological 

innovations as a proportion of all patents, 22% are solely manufactured in Australia, 

15% are solely manufactured overseas, 11% are manufactured both in Australia and 

overseas (and for 3% this was not indicated).  The median duration of manufacture is 

more than 4 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  5.1: Commercial outcome and site of manufacture of Australian medical 

technology patented in the US in 1984-1994 and surveyed in 1997-1999 
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5.5 RESULTS – BIVARIATE ANALYSIS EXAMINING FOR A RESPONSE 

BIAS 

 

An important issue in terms of the validity of this survey, especially its external validity 

to all Australian medical inventors on US patents, is whether there is a response bias 

suggesting that a non-representative sample of inventors was surveyed.  In order to 

paint a clearer picture of the potential response bias in this survey two comparisons are 

undertaken.   

 

First, the characteristics of patents is contrasted between the 177 inventors who were 

surveyed (respondents) and the 225 who were not part of the survey (non-respondents).   

 

Second, of the 177 surveyed inventors, the 137 mail-out respondents, are put side by 

side with a random sample of 40 who agreed to be surveyed after being contacted by 

phone (phone respondents).  These 40 are in essence a random sample of non-

respondents to the mail-out survey.  The second comparison will not only focus on 

patent characteristics but will range through all the variables in the survey.  The detailed 

results of this analysis is available in Appendix 10.12.  A summary of these results is 

presented next. 

 

5.5.1 Comparing patents of respondents and non-respondents 

 

When comparing the characteristics of patents of inventors who were respondents with 

non-respondents, generally there is no statistically significant difference between them 

(Appendix 10.12).  The only statistically detectable bias is that the patents of 

respondents: 

- list fewer co-inventors as overseas residents (12% to 19%); 

- list fewer assignees from overseas (18% to 27%); and 

- are more likely to be unassigned (28% to 21%). 

 

The lower level of overseas linkages on US patents in the survey may mean that the 

survey may have preferentially detected inventors resident in Australia and contacted 

fewer Australian inventors working overseas.  Why should this be the case?  The 
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response of inventors to the survey is partly dependent on finding their contact details 

either on the patent itself or from publicly available data such as Australian telephone 

directories and the Medical directory of Australia (Section is 5.2.2).  Furthermore, 

unassigned patents are more likely to list an address for the inventor (though this was 

not quantified) and thus, individual inventors have a small over-representation in the 

survey.   

 

In summary, this survey under represents the experience of Australian inventors 

working overseas and has a slightly raised proportion of individual inventors.  

Otherwise it would be fair to surmise, based on the characteristics of patents, that this 

survey is fairly representative of all US patents classified as medical and listing 

Australian inventors.   

 

5.5.2 Comparing patents and surveys between mail-out and phone respondents 

 

Of the 177 inventors in the survey, an attempt is made to draw a distinction between the 

137 mail-out respondents, inventors who replied to the mail-out survey, with the so-

called 40 phone respondents of whom 82% (33/40) agreed to be interviewed by phone 

and 18% (7/40) completed a questionnaire which was mailed or faxed to them.  This 

comparison will cover all the survey variables as depicted in Appendix 10.12.  There is 

no significant difference between mail-out and phone respondents in terms of the 

characteristic of their patents.   

 

Not only are the characteristics of their patents very similar, but so are the answers to 

survey questions provided by respondents and surveyed non-respondents.  This means 

that the inventor’s personal characteristics and that of their technology and its 

commercialisation are much alike.  The most important similarity is that in both groups 

almost half of the patents became technological innovations – 53% for mail-out 

respondents and 47% for phone respondents.  A Pearson chi-square was p=0.569, 

thereby excluding a statistically significant difference in this outcome between the two 

groups.  The importance of this is that technological innovation is the main outcome 

variable used in all subsequent bivariate and multivariable analysis.  This finding is 



 

 

188

supported by the technology of both groups being manufactured for the same amount of 

time and generating the same value of sales. 

 

The main reason for a difference between the two groups is either: 

- a response bias; 

- a difference in the availability of a phone number on publicly accessible 

websites; or 

- due to the dissimilar method of data collection (phone interview versus mail-out 

questionnaires). 

 

On the whole, phone respondents had (Appendix 10.12): 

- less prior business experience (15% versus 33%);  

- sought less advice from their patent attorney (30% versus 61%) but more from 

their industry partner (25% versus 3%); and  

- did less market research. 

 

As one inventor mentioned, she had not responded to the mail-out survey document 

because “I did not want to admit that I hadn’t done the market research”.   

 

The difference in corporate status of industry partner for mail-out respondents and 

phone respondents is probably as a result that during the phone interview I persuaded 

all but one interviewee to specify the corporate status, whereas 14% of mail-out 

respondents failed to answer the question on the survey form.   

 

It appears that the feature of questions that are most likely to be different between mail-

out and phone respondents are the questions with many options which were not read out 

individually to save time and expedite the phone interview.  These questions were 

Question 14 with 24 options, Question 17 with 20 options, and Questions 27, 34 and 35 

with 17 options each.  These questions were asked in an open ended manner with a few 

prompts to make suggestions but not every options was gone through.  I used virtually 

the same prompts in each interview, and thus, these responses are the ones that 

generally became significant in the bivariate analysis.  So for these questions the 

manner of the interview is more likely to be responsible for the difference in response 

rather than a reflection of a true difference between respondents and non-respondents.  
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Differences in responses to questions late in the survey may also reflect that inventors, 

many of whom were busy people, were getting restless, and thus, indicated that factors 

were “not an issue”. 

 

Given that there were only 40 respondents to the phone survey, may mean that the 

sample is not large enough to bring out other differences.   

 

Generally, the respondents to the mail-out survey and those contacted by phone and 

their patented technology and its outcomes are very similar.  There are some differences 

between them but probably mainly due to differences in the method of collecting data 

leading to a differential recall.  This occurred due to prompting by the interviewer 

especially in questions with a large number of options during phone interviews.  These 

differences are not such that the data from the two groups cannot be combined to 

compare patents which have and have not become technological innovations. 

 

In summary, there does not appear to be a significant response bias in the survey.  The 

main difference is that Australian inventors overseas are under-represented because the 

contact details for inventors on patents were predominantly sought on Australian 

databases.  The over-representation of individual inventors is because they are more 

likely to have their contact details documented on patents.  Most importantly, the above 

comparison between mail-out and phone respondents has excluded that inventors with 

technological innovations were not preferentially recruited into this study. 
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5.6 RESULTS – BIVARIATE ANALYSIS IDENTIFYING THE 

DETERMINANTS OF INNOVATION  

 

The purpose of this section is to identify any significant differences between patents 

which have become technological innovations with those that have not.  The details of 

this analysis is contained in Appendix 10.13.  The headings in this section are largely 

the same as that of the tables in the aforementioned Appendix.  The aim is also to 

determine which factors, early in the commercialisation process, best predict whether a 

patent has the potential to become an innovation.  There are 4 patents for which the 

commercial outcome was not known by the inventors, and thus, were excluded from the 

analysis in this section.  The total number of analysed patents is 173, of which 89 

became technological innovations.  The 84 that did not become innovations have been 

labelled “non-innovations”. 

 

5.6.1 Summary of the determinants of innovation 

 

All the statistically significant determinants of innovation are included in Table 5.11.  

These all had a p-value of less than 0.05.  The only variables not included in the table 

are those with a significant difference in the proportion of inventors who did not answer 

the question.  These findings are discussed in detail in Appendix 10.13.   
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Table  5.11: Summary of the determinants of innovation 

 Crude analysis  
Odds Ratio 95% CI 

1. Inventors    
Current occupation of inventor - research scientists 0.35 0.16-0.75 
 - company director or manager 2.79 1.10-7.07 
 - R&D director or manager 5.19 1.10-24.44 
Area of employment at time of 
developing intellectual property# 

- industry 2.58 1.27-5.24 

 - research institute 0.10 0.01-0.76 
2. Patent, finance and invention    

Patent outcome# - licensed 4.53 2.26-9.11 
 - modified leading to further patents 4.54 1.74-11.83 
 - submitted in countries other than 

Australia and the US 
2.06 1.11-3.81 

Research funding# - postgraduate scholarships 0.19 0.04-0.92 
 - from any research funding body 0.48 0.24-0.96 
Source of finance# - personal 2.13 1.08-4.18 
 - 150% or 125% R&D tax concession 9.67 2.16-43.27 
Occurred to invention - industry partner involved at some stage 2.22 1.21-4.09 
 - nothing since submitting patent -*  
Person in charge of 
commercialising invention 

- industry partner 3.18 1.65-6.11 

 - no-one 0.30 0.13-0.71 
3. Industry partner    

Status of industry partner# - industry partner 11.41 5.56-23.41 
 - lost industry partner 0.34 0.13-0.86 
 - seeking industry partner 0.11 0.02-0.48 
 - no industry partner -*  
 - no answer provided 0.15 0.04-0.53 
Corporate status of industry - independent firm 4.05 1.29-12.77 
partner# - private firm 5.04 1.39-18.23 
 - no answer provided 0.10 0.04-0.22 
Industry of industry partner# - medical technology company 3.82 1.68-8.72 
Involvement of industry partner in 
commercialisation 

- employed inventor(s) at the time of 
submitting patent application 

3.20 1.11-9.25 

 - constructing prototype 3.22 1.55-6.69 
 - conducting initial market research 2.78 1.33-5.80 
 - drafting the first business or 

development plan 
2.89 1.29-6.47 

 - providing manufacturing facilities 7.57 3.47-16.51 
 - providing financial support 2.50 1.25-5.01 
 - searching for external financial support 16.82 2.17-

130.48 
 - providing own distribution network 61.84 8.24-

464.32 
 - searching for distributors 6.57 2.16-20.00 
Country of industry partner - Australia 4.27 2.10-8.68 
 - US 2.38 1.13-5.01 
Industry partner – majority 
Australian owned 

 5.93 2.64-13.33 

4. Commercialisation    
Factors influencing location of 
manufacture 

- site of industry partner’s manufacturing 
facilities 

24.38 8.98-66.18 

 - production capability 4.62 1.27-16.84 
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 - location of manufacturing company 5.78 1.24-26.92 
 - availability of good staff 8.20 1.00-67.03 
Access to markets overseas# - poor 2.11 1.06-4.19 
Access to finance overseas - not an issue 2.20 1.16-4.18 
Size of Australian market# - poor 2.59 1.39-4.81 
Size of Australian industry in field of 
invented technology 

- not an issue 2.57 1.10-6.00 

Expertise in Australian industry to 
understand invention 

- not an issue 2.79 1.10-7.07 

Interest from industry in Australia# - poor 0.54 0.29-0.98 
 - not an issue 4.79 1.96-11.74 
Trust of industry partner# - good 2.86 1.47-5.58 
Acceptance by customers or 
patients 

- good 6.77 3.48-13.18 

 - not an issue 0.20 0.08-0.50 
Demand from customers - good 7.10 3.52-14.32 
 - not an issue 0.20 0.08-0.46 
Quality of distributors - good 13.58 4.57-40.40 
 - poor 2.85 1.06-7.68 
 - not an issue 0.41 0.21-0.79 
Quality of suppliers - good 10.69 3.58-31.95 
Regulatory environment - good 2.89 1.33-6.30 
 - poor 3.53 1.33-9.34 
Government programs used in 
commercialisation 

- Export market development grants 
scheme 

16.92 3.87-73.98 

 - NIES world class manufacturing -*  
 - None of the above 0.36 0.18-0.70 

Australian government support 
through: 

   

c)  using political networks 
overseas to support Australian 
products/industry 

- good 10.51 1.31-83.98 

d)  Austrade - poor 2.39 1.19-4.78 
f)  vision for industry - poor 2.21 1.18-4.12 

Industry in Australia    
a)  quality/experience of personnel - good 2.49 1.27-4.87 
c)  production facilities - good 4.11 2.05-8.25 
d)  industrial R&D facilities - good 2.13 1.01-4.52 
f)  link with universities - good 3.32 1.67-6.59 

 
* unable to calculate odds ratio as one cell equalled zero 
# variables chosen for the multivariable analysis that are considered to be early in the commercialisation 

process. 
 

5.6.1.1 Characteristics of medical patents as determinants of innovation 

There does not appear to be any significant difference in the characteristics of patents 

for technology that is successfully or unsuccessfully commercialised.  Assigned patents, 

in particular, were expected to have a higher likelihood of becoming innovations as they 

ostensibly have the support of an organisation behind them.  However, the finding that 

assigned and unassigned patents are equally successful is in keeping with the findings 

of Firestone’s (1971) study of Canadian patents (Section 2.9.2). 
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There is one exception - though this finding is as unexpected as it is counter intuitive.  

Why should the median number of scientific citations be zero for patents that become 

innovations as against 3 for patents that are not commercialised?  This may be a 

reflection of the fact that universities and other public research institutions are less 

likely to have their patents commercialised and would be expected to cite the scientific 

literature in their patents (though this latter point has not been validated in this study).   

 

5.6.1.2 Characteristics of inventors as determinants of innovation  

Patents are more likely to become innovations if the inventor is working in a senior 

industry post or if the invention originated from industry.  On the other hand, success is 

much less likely if the inventor was a research scientist or if the patent came from a 

research institute.  Inventors who have written more provisional patents are to be more 

likely to commercialise their patents.  Interestingly there is no difference between 

inventors who created innovations and those that did not in terms of their background, 

level of education, previous business experience or whether they have clinical 

responsibilities or not, or the number of patents they have authored.  The only additional 

positive finding is inventors that had drafted more provisional patents were more likely 

to generate an innovation.   

 

5.6.1.3 Technology type, patent outcome and source of ideas as determinants of 

innovation 

The likelihood of a patent becoming an innovation does not appear to be dependent on 

the type of technology encompassed in the patent.  Neither does it depend on whether it 

was an improvement in known technology or new technology.  Licensed patents are 

four times more likely to become innovations.  This is understandable as someone 

interested in taking out a license, the licensee must have observed fairly strong 

commercial potential in the patent before paying the license fee.  Also patented 

technology which leads to international extension of protection and to further patents 

must have shown some commercial promise to warrant the additional development, 

thus, is more likely to end up becoming an innovation.   

 

The source of ideas and information does not influence whether a patent becomes an 

innovation or not.   
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5.6.1.4 Funding of commercialisation as a determinant of innovation 

That patents arising from research funded by a research funding organisation are less 

likely to become innovations fits in with previous findings about research scientists, 

universities and research institutes encountering less success.   

 

The cost of commercialisation for successful and unsuccessful patents seems 

unexpectedly similar.  Ten percent of inventors with commercialised patents and 20% 

of those with non-commercialised patents did not answer this question.  Assuming that 

all of these projects cost very little or equalled zero – this would have brought the 

median costs down further for unsuccessful rather than for successful patents.   

 

Another unexpected but interesting fact is that if the inventor has used their own 

finances in the commercialisation process it was twice as likely to end up with an 

innovation.  This means that inventors may actually be able to predict to a certain extent 

the likely commercial outcome of their invention, even if it is not consciously 

articulated by them.  Also 21% of patents which result in an innovation used the R&D 

tax concession, whereas as only 3% of patents, which are not innovations, used it.   

 

5.6.1.5 Process of commercialisation as a determinant of innovation 

This analysis dashed three of my favourite hypotheses, namely that if a business plan 

was drafted or market research had been undertaken or a prototype had been made or 

tested, then a patent is more likely to become an innovation.  Rather, none of these 

activities significantly increased the likelihood of generating an innovation.  According 

to Question 18 depicted here, only 61% of commercialised patents involve an industry 

partner at some stage.  However, as discussed upon review of questionnaires, industry 

involvement with patents which become innovations is found to be 94% (see discussion 

Section 5.6).   

 

If nothing was done since submitting the patent, not surprisingly, it was not 

commercialised.   
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5.6.1.6 Person in charge of commercialisation as a determinant of innovation 

If the industry partner is in charge of the commercialisation this technology is three 

times as likely to become an innovation.  Whereas if the inventor is in charge then there 

is an even chance and if no-one was in charge, as expected, the prospects for successful 

commercialisation are poor.  The attributes of the person in charge of commercialising 

the invention, as rated by the inventor, does not differ between patents that became and 

did not become innovations.   

 

5.6.1.7 Market research as a determinant of innovation 

There does not appear to be a significant difference in the degree of market research 

performed between patents which were and were not commercialised.  This goes against 

my own hypothesis, which is that if the commercialisation process involves more 

planning, drafting of business plans and doing market research, the inventors or their 

industry partner have better evaluated the commercial potential of the patent, and hence, 

are more likely to guide its commercialisation to a successful outcome. 

 

5.6.1.8 Industry partner as a determinant of innovation 

Ninety four percent (84/89) of patents which are commercialised involve an industry 

partner and most have a current industry partner (87%).  In contrast, only 57% (48/84) 

of non-innovation patents engage an industry partner at some stage, and only one third 

have a current industry partner and are not looking for another partner.   

 

Independent and private firms, if involved with the commercialisation process, are 

significantly more likely to end up with an innovation.  In contrast, public companies, 

which tend to be the larger ones, and are involved in the commercialisation of the 

greatest number of patents, appear to be less successful.  As one would suspect, small 

companies will only take out a patent with commercial value whereas the larger public 

companies will apply for patents that are not necessarily going to be commercialised in 

order to stake out an area of intellectual property or as a precaution if the technology 

was to take off or to camouflage important patents (Kingston 2001). 

 

The other intriguing point is that medical technology companies have a higher 

proportion of patents which are commercialised as against pharmaceutical and 
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biotechnology companies.  This may indicate differing patenting strategies between 

these industries or different rates of success in commercialisation. 

 

These findings and the ones to follow in Section 5.6 suggest that the involvement of an 

industry partner is crucial in generating technological innovations.  Not an unexpected 

finding. 

 

5.6.1.9 Involvement of industry partner as a determinant of innovation 

Only a small proportion of inventors (11%=20/177) were employed by the industry 

partner at the time of submitting the patent but if they were working for the industry 

partner at the time it was twice as likely to generate an innovation. 

 

Predictably if the industry partner is still involved further down the path of 

commercialisation, the more likely that the patent was going to become an innovation.  

This applies to constructing a prototype, performing market research, drafting a 

business plan, providing manufacturing and distribution facilities.   

 

5.6.1.10 Characteristics of industry partner as a determinant of innovation 

In terms of country of industry partner and whether they are majority Australian owned 

– the significant differences probably reflects that if an industry partner is involved, it 

does not matter which country they come from, the patent is more likely to end up in the 

market place as a product or service. 

 

5.6.1.11 Manufacture and sales of invention as a determinant of innovation 

If the invention was being sold or manufactured it has obviously been successfully 

commercialised to an innovation.  The odd finding is that 3 non-innovation patents are 

manufactured for more than one year.  Their questionnaires were carefully reviewed as 

discussed in Section 5.4.7 (and Appendix 10.11) and found not to have resulted in a 

marketed product or service or a fully commercialised production process.  These 

patents could have been manufactured and used in clinical trials but their development 

may have been terminated before being marketed.  This can occur if clinical trials 

generate negative results or detrimental outcomes for patients. 
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5.6.1.12 Country of manufacture as a determinant of innovation 

As one would expect, that when discussing the location of manufacture that most  

patents that have become innovations, hence few responses are provided by inventors 

with non-innovations.  Certainly manufacturing is a determinant of innovation, as it is 

part of the definition of an innovation, part of the dependent variable.  Therefore, this 

question does not help to discriminate between the two groups.  

 

5.6.1.13 Opinion of inventors on aspects of the commercialisation process as a 

determinant of innovation (Q35) 

Inventors who do not commercialise their patented technology are less likely to answer 

Question 35.  Inventors who develop innovations from their inventions are more likely 

to state that: 

- their access to overseas markets is poor; 

- the size of the Australian market is poor; 

- they trust their industry partner; and 

- acceptance and demand by customers is good. 

 

They were also more likely to express their opinion on the quality of distributors or 

suppliers or regulatory environment. 

 

Successful inventors are less likely to complain about the poor interest from industry in 

Australia (37%) than unsuccessful inventors (52%). 

 

This suggests the inventors who have successfully created innovations have a better 

understanding of markets, distributors, and suppliers, have better access to finance, and 

trust their industry partner and generate products with high acceptance and demand 

among customers. 

 

5.6.1.14 Advisors during commercialisation as a determinant of innovation 

These results are unexpected.  It was anticipated that inventors who seek more advice 

are more likely to succeed in their commercial aspirations for the patent.  In effect there 
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is no difference in the number or type of advisors that are consulted by successful and 

unsuccessful inventors.  Could there be a difference in the quality of advice received by 

the two groups?  This may be worth exploring in a future study. 

 

5.6.1.15 Government programs used during commercialisation as a 

determinant of innovation 

It is predictable that government funding to support manufacturing or export of products 

would only include patents that have been fully commercialised, with a product ready 

for marketing.  Again inventors who did not commercialise their patent are less likely to 

answer questions on their opinion of Australian government support of innovation.  

This could reflect: a disinterest in the topic of commercialisation; a reluctance to further 

discuss their experience; or a lack of experience of these issues. 

 

Inventors who develop innovations are more likely to rate: the Australian government 

support as good in terms of using political networks overseas to support Australian 

products and industry (11% versus 1%); Austrade as poor (36% versus 19%); and the 

government’s vision for industry as poor (48% versus 30%). 

 

5.6.1.16 Opinion of inventors on Australian government support and 

Australian industry as a determinant of innovation 

Again inventors who did not create innovation are less likely to answer these questions.  

In terms of their opinion of industry in Australia, inventors who developed innovations 

were more likely to rate highly the quality/experience of personnel, Australian 

production and R&D facilities, and industry links with universities. 

 

5.6.2 Excluding variables from the multivariable analysis 

 

Table  5.12: Reason for excluding variables from the multivariable analysis  

 Co-linearity 
with other 
variables 

e.g. “industry 
partner” 

Unimportant 
e.g. inventor 

indicated 
“not an 
issue” 

Possible 
confounder as 

later in 
commercialisa
tion process 

Specific to 
Australia and 
possibly not 
relevant to 

other 
countries 
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1. Inventors     
Current occupation of inventor   X  

2. Patent, finance and invention     
Source of finance#     
Occurred to invention X    
Person in charge of commercialising 
invention 

X    

3. Industry partner     
Involvement of industry partner in 
commercialisation 

X    

Country of industry partner    X 
Industry partner – majority 
Australian owned 

   X 

4. Commercialisation     
Factors influencing location of 
manufacture 

X    

Access to finance overseas  X   
Size of Australian industry in field of 
invented technology 

 X   

Expertise in Australian industry to 
understand invention 

 X   

Acceptance by customers or 
patients 

  X  

Demand from customers   X  
Quality of distributors   X  
Quality of suppliers   X  
Regulatory environment  X   
Government programs used in 
commercialisation 

  X X 

Australian government support 
through: 

    

c)  using political networks overseas 
to support Australian 
products/industry 

   X 

d)  Austrade    X 
f)  vision for industry    X 

Industry in Australia     
a)  quality/experience of personnel    X 
c)  production facilities    X 
d)  industrial R&D facilities    X 
f)  link with universities    X 

 
* unable to calculate odds ratio as one cell equalled zero 
# variables chosen for the multivariable analysis and considered to be early in the commercialisation 

process. 
 

The next step in assessing the positive and negative determinants of innovation, listed in 

Table 5.11, is to assess them together using logistic regression analysis to determine 

which is best at predicting innovation.  What variables should be excluded from this 

analysis? 

 

Table 5.12 indicates the variables that are excluded from the multivariable analysis.  

The reasons for excluding variables include:   

- inability to calculate an odds ratio as one cell equalled zero; 
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- likelihood of co-linearity with other variables primarily “industry partner”; 

- not thought as important for multivariable analysis, for example, all questions 

where inventors said that the variable was “not an issue” 

- relates to later stages in commercialisation, and hence, are possible confounders 

relating to where in the process an invention has ended up, and thus, possibly 

not causal, and furthermore, they are not of value in a predictive model for use 

in early commercialisation; and 

- factors subject to change over time or specific to Australia and not relevant 

for other countries, and therefore, are excluded as the aim is to keep the 

regression models relevant to other time periods and for other countries 

 

The issue of confounding will be further examined in the discussion section (5.8.2.15).  

One of the major problems with having cross-sectional data in this study is that 

determinants and outcomes are measured simultaneously and sometimes it is difficult to 

distinguish between a determinant and a confounder.  For this reason the decision was 

to concentrate on variables early in the commercialisation process, in order to identify 

the determinants of innovation during early development. 

 

Apart from these issues, the analysis was also limited by the number of variables that 

could be included in the logistic regression model at anyone time.  As indicated in the 

methods section (5.2.8), the maximum ideally should be around 10 outcomes 

(innovations) for every variable included in the model.  Given that 89 patents became 

innovations, I was limited to having around 9 variables in the logistic regression model. 
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5.7 RESULTS - MULTIVARIABLE ANALYSIS IDENTIFYING THE MOST 

IMPORTANT EARLY DETERMINANTS OF INNOVATION 

 

The purpose of this analysis is to determine which set of factors early in the 

commercialisation process are predictive of whether a patent becomes an innovation or 

not.  The subsequent aim is to develop a simple algorithm for inventors, patent attorneys 

and investors such as venture capitalists to use as a guide when assessing medical 

patents.   

 

Table  5.13: Variables used in the logistic regression analysis 

  

Variable (name used in models) Innovation 
(n=81)*

Non-
innovation 

(n=70)* OR (95% CI)
 Area of employment at time of developing 

intellectual property 
 

1. - industry (Employment) 31 (38%) 11 (16%) 3.3   (1.5-7.3)
 Patent outcome  
2. - licensed (Pat_lic) 39 (48%) 14 (20%) 3.7   (1.8-7.7)
3. - modified leading to further patents 

(Pat_modi) 
22 (27%) 6   (9%) 4.0 (1.5-10.5)

4. - submitted in countries other than Australia 
and the US (Pat_os) 

41 (51%) 24 (34%) 2.0   (1.0-3.8)

5. Research funding - from any research 
funding body (Fin_research) 

16 (20%) 25 (36%) 0.4#  (0.2-0.9)

 Source of finance  
6. - personal (Fin_pers) 34 (42%) 19 (27%) 1.9 (0.98-3.9)
7. - 150% or 125% R&D tax concession 

(Fin_R&Dtax) 
17 (21%) 2   (3%) 9.0 (2.0-40.6)

8. Status of industry partner - industry partner 
(Partner) 

71 (88%) 28 (40%) 10.6 (4.7-24.1)

9. Corporate status of industry partner - 
independent or private firm (Partner_type) 

25 (31%) 6   (9%) 4.8 (1.8-12.4)

10. Industry of industry partner - medical 
technology co. (Partner_medical) 

26 (32%) 8 (11%) 3.7   (1.5-8.8)

11. Access to markets overseas – poor 
(Market_access) 

28 (35%) 17 (24%) 1.6   (0.8-3.4)

12. Size of Australian market – poor 
(AusMarket_size) 

47 (58%) 26 (37%) 2.3   (1.2-4.5)

13. Interest from industry in Australia – poor 
(Industry_interest) 

28 (35%) 43 (61%) 0.3#  (0.2-0.6)

14. Trust of industry partner – good 
(Partner_trust) 

36 (44%) 17 (24%) 2.5   (1.2-5.0)

 
* patents for which there was no answer provided for one or more variables on this list (i.e. with missing 

variables) have been excluded to enable logistic regression analysis to proceed and include 7 from the 
innovation and 14 from the non-innovation group 
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# variables that have a negative association with innovation, whereas all the others have a positive 
association 

N.B.  variables were chosen for the multivariable analysis that were considered to be early in the 
commercialisation process. 

 

The logistic regression analysis uses the 151 surveys which have no missing values for 

variables in the analysis (Table 5.13).  The approach taken in the regression analysis is 

detailed in the methods Section 5.2.8.  The independent variables in Table 5.13, were 

tested in a forward stepwise regression using Group A – a random 67% subset of 100 

out of the 151 surveys.  Once the main effects model had been determined, all possible 

interactions were tested both in a forward and backward stepwise manner. 

 

The most parsimonious model generated from this analysis is regression model “1” in 

Tables 5.14 and 5.15.  These two tables need to be read in conjunction with each other.  

Model “1” contains 3 interaction variables.  It is then refined using a combination of the 

lowest log likelihood from the logistic regression model (indicating the best fitting 

model) and maximum area under the ROC curve estimated from the probability 

generated by that model (which indicates the proportion of innovations that were 

identified).  This is depicted in Table 5.15.  The coefficients in the regression models 

are replaced with a “1” to see whether the model can be used as a simple algorithm to 

identify innovations.  The area under these ROC curves is listed under the heading of 

“using innovation potential score”.   

 

Once the interaction variables are dropped (model “2” in Tables 5.14 and 5.15) – this 

model is a better fit for data in the second population (Group B) being used to test the 

validity of the model developed with Group A.  The improved fit is demonstrated by the 

increase in the area under the ROC curve for Group B from 0.803 to 0.830 with model 

“2”.  The final model was chosen with the highest area under the ROC curve for Group 

B, which is Model 3.  The variables in this model, which represent questions from the 

survey of medical inventors, are used to create the innovation potential score. 
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Table  5.14: Summary of final logistic regression models examining the 

determinants of innovation which are refined using ROC curve analysis  

Regression models 
1.* A + Employment + Pat_lic – Research_fund + Fin_personal + Partner + Partner_type + 

Partner_medical + Ausmarket_size – Industry_interest – (Employment*Pat_lic) – 
(Partner*Pat_lic) – (Partner*Partner_typ) 

2.  A + Employment + Pat_lic – Research_fund + Fin_personal + Partner + Partner_type + 
Partner_medical + Ausmarket_size – Industry_interest 

3.  A + Employment + Pat_lic – Research_fund + Fin_personal + Partner + Ausmarket_size – 
Industry_interest 

4.  A + Employment + Pat_lic – Research_fund + Fin_personal + Partner – Industry_interest 
5.  A + Employment + Pat_lic – Research_fund + Fin_personal + Partner + Partner_type 
6.  A + Employment + Pat_lic – Research_fund + Fin_personal + Partner 
7.  A + Employment + Pat_lic – Research_fund + Partner 
8.  A + Employment + Pat_lic + Fin_personal + Partner 
 
* most parsimonious model from initial logistic regression analysis of Group A (a random 67% subset of 

100 out of the 151 surveys) 
A = constant 
N.B. negative signs indicate variables that have a negative association with innovation 
 

 

Table  5.15: Summary of ROC curves analysis for the logistic regression models  

  Area under ROC curves 
  using probability* using innovation potential 

score# 
Regression 
model  

No. 
variables 

Log 
likelihooda

Group A Group B Group A Group B

1. 11 69.61 0.918 0.803 0.842 0.796
2. 8 80.18 0.895 0.830 0.875 0.819
3.b 7 81.99 0.888 0.841 0.870 0.831
4. 6 86.01 0.884 0.833 0.858 0.833
5. 6 85.81 0.876 0.793 0.855 0.778
6. 5 88.65 0.873 0.802 0.842 0.783
7. 4 91.90 0.857 0.809 0.844 0.797
8. 4 93.28 0.860 0.819 0.834 0.777
 
* calculated using the coefficients in the regression model 
# calculated using the number “1” instead of the coefficients in the regression model 
a generated from the regression model developed using Group A 
b the model chosen as the final one with the highest area under the ROC curve for Group B (used to test 

the model developed using Group A) and is employed to create the Innovation potential score for medical 
patents 

NB Group A is a random 67% subset of the 151 surveys used in this analysis and Group is the remaining 
33% subset 
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5.7.1 Innovation potential score for medical patents: indicating a probability of a 

patent becoming a technological innovation 

 

Table 5.16 lists the questions to be asked of the first-named inventor listed on a medical 

patent in order to assess the innovation potential score of a medical patent.  Each 

answer the inventor gives attracts a score and the six scores are added.  The sum total, 

which is the innovation potential score, is used to read the probability of a patent 

becoming an innovation.   

 

Table  5.16: Innovation potential score for medical patents 

Question for first-named inventor on medical patent Answer Scoring* 
1. Were you employed by industry at the time of developing 

the intellectual property which lead to your patent? 
Yes/No +1 if yes 

2. Has your patent been licensed? Yes/No +1 if yes 
3. Did the invention arise from research funded by a public or 

any other research funding body? 
Yes/No -1 if yes 

4. Is an industrial company or industry partner currently 
involved in the commercialisation of your patent? 

Yes/No +1 if yes 

5. Have you used personal finance in the commercialisation 
of your patent? 

Yes/No +1 if yes 

6. While commercialising your invention how did you find the 
following factors? 

 

- Size of domestic market not an issue 
/poor/good

+1 if poor#

- Interest from domestic industry not an issue 
/poor/good

- 1 if poor 

 
* responses which are not listed under “Scoring” attract a “0” score 
# this question if asked in a small country with a small market (such as Australia) would be “+1” if poor, 

whereas for a large economy such as the US, it would be “+1” if good.  It essentially is asking whether 
the inventor has insight into the market.  This issue needs validation. 

N.B. the references to Australia could be replaced by ones referring to the country in which this instruments 
is being used 

 

Table 5.17 provides a guide for how to use the innovation potential score.  The 

maximum value of the score is 5 and the minimum value is minus 2.  A value equal or 

higher than 2 is considered to indicate a very high probability of generating an 

innovation.  If the score is 4 or 5, it can be assumed that is almost a certainty (100%) 

that such a patent will lead to an innovation.  Of course, nothing is certain in life and 

this innovation potential score needs to be validated in prospective studies. 
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Table  5.17: Probability of a medical patent becoming an innovation given a 

specific innovation potential score 

Innovation potential score Probability of patent becoming an innovation
< 0 0%
   0 13%
   1 48%
   2 82%
   3 92%
≥ 4 100%

 

Using the example of the VenousAid Stocking in Chapter 6, the innovation potential 

score is “0” as the inventor was not employed by industry, the patent has not been 

licensed (+0), the invention did not arise from research funded by a research funding 

body (+0), no industry partner is currently involved (+0), personal finances were not 

used (+0), and the size of the Australian market (+0) and interest from the domestic 

industry (+0) are not an issue.  So the probability that the VenousAid Stocking would 

be commercialised is 13% (Table 5.17). 

 

The questions for the innovation potential score have been adapted for other countries.  

The only question that is probably difficult to transfer is Question 6a).  If this was asked 

of a US resident inventor, for example, they would state that the domestic market is 

good.  One would predict that if they answered good or poor depending on the 

prevailing opinion of that country’s market in the area of the patent then the patent is 

more likely to become an innovation.  Whereas if it was “not an issue” then it is less 

likely to become an innovation.  Overall, there is an increased likelihood of developing 

an innovation if: 

- the inventor has been working for industry while coming up with the invention; 

- an industry partner is involved; 

- the patent has been licensed; 

- the inventor had used their personal finances; 

- the inventor had an understanding of the domestic market; and  

- the domestic industry had expressed an interested in the technology. 

 

Whereas conversely the invention is unlikely to become an innovation if: 

- the inventor had not worked for industry at the time of invention; 

- the invention arose from public funded research; 
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- the inventor had not invested their own money; and  

- the interest from domestic industry was poor.   

 

The innovation potential score is a rough guide.  It has been developed with data 

generated from Australia and certain features of this final model probably reflect this.  

A large proportion of medical patents (53%) in Australia originate from public funded 

organisations.  This is the reason why the model found that it is crucial that some 

indication of the technology having been transferred to industry either through licensing 

or industry partner involvement. 

 

This model is also very specific for inventors and does not include various aspects of 

the broader environment.  It does not take into account, for example, government 

policies, regulatory setting, level of trust in a society and other measures of the 

institutional milieu.  Therefore, the innovation potential score needs to be validated in 

trials undertaken in other settings and incorporating institutional measures.   
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5.8 DISCUSSION 

 

Technical development has long since become the preserve of 

the scientist and the engineer. 

John Kenneth Galbraith (1952: 91) 

 

5.8.1 Introduction 

 

The purpose of this discussion is to explore the meaning of the empirical results and the 

methodological strengths and weaknesses of this survey.  Possible directions for future 

research and theoretical reflections arising from the findings in this chapter are 

considered in Chapter 7.  Recommendations for improving the commercialisation of 

Australian medical technology are outlined in Appendix 10.1. 

 

5.8.2 Principal findings 

 

This discussion primarily follows the aims of this survey outlined in Section 5.1.  It 

describes the background of Australian medical inventors and their experience in 

commercialising their patent and the determinants thought to support the creation of 

innovations.  The role of institutions in generating technological innovations is also 

elaborated upon.  The matter of examining for a response bias is scrutinised in the 

section on methodological issues.   

 

5.8.2.1 Characteristics of medical inventors 

Australian medical inventors are highly trained professionals who had undergraduate 

training in science, medicine or engineering.  Half of them have completed a doctorate 

and 10% a masters degree.  At the time of the survey they are working as researchers 

(38%) with just under half being professors (16%), industry managers (21%), clinicians 

(19%) and engineers (8%).  In addition, 26% have patient care responsibilities in 

medicine, dentistry, optometry and orthotics.  Most of those looking after patients are 

“academic physicians” (representing 20% of all inventors) and work in universities, 
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research institutes or public hospitals.  This emphasises the importance of university 

education in underpinning high technology medical inventions coming from Australia.  

It also underscores the findings of the innovation literature of the importance of publicly 

funded education in training innovators and the value of tracking the number of 

university graduates in science and engineering as is done by OECD countries (OECD 

1999c).  In other words, medical inventors represent a high level of human capital 

which is built up through a country’s institution of education.   

 

Two thirds of inventors have significant prior business involvement and one third were 

business owners or managers prior to coming up with the invention.  This may indicate 

the value of prior business experience on their inventive activity.  Such experience may 

engender an appreciation for protecting intellectual property and the requirements for 

business survival such as cash flow and knowledge of markets.  Though interestingly 

such experience was not predictive of generating an innovation.   

 

It was thought if the inventor had patient care responsibilities or had a prior significant 

business involvement, their understanding of the market or demand conditions would 

enhance the commercial potential of their patent.  However, this was not the case (Table 

10.71, Appendix 10.13).   

 

Very few women (3%) are medical inventors, though this is in keeping with findings or 

previous work overseas which found that women accounted for between 0.4% to 3.5% 

of inventors listed on patents (see Table 2.7).  This is sure to change with the increased 

success and participation of women in science, medicine and engineering.  Though not 

statistically significant, most female inventors (83% = 5/6) are involved with patents 

that became innovations.  Thus, it would be interesting to see whether the increasing 

participation of women would raise the rate of developing innovations from patents. 

 

Most surveyed inventors are not prolific having authored a median of 3 provisional 

patents and 2 granted patents.  Inventors who write more provisional patent applications 

are more successful at generating innovations, but surprisingly this did not hold for the 

number of patents granted to the inventors.   
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The only study identified (Section 2.9.2) as examining the determinants of innovation 

was by Dagenais et al. (1991).  This study just focused on individual inventors on 

unassigned patents rather than all inventors.  Their focus was to examine the 

characteristic of the inventor rather than investigate the commercialisation process in 

detail.  They showed that individual inventors were more likely to have turned their 

technology into an innovation, if they: 

- were under the age of 60; 

- who had an income over CAD$30,000; 

- were listed on more than one accepted patent; 

- had fewer years of schooling; 

- were self-employed;  

- were not employed in a research unit; and  

- had used a patent agent. 

 

Age and income were questions not focused upon in this survey, largely to avoid 

becoming too personal and discouraging inventors from responding.  Dividing inventors 

into those over and under the age of 60 is not a very discriminating analysis.  It would 

have been more interesting to divide inventors into ten-year age categories to see how 

success changes with age.   

 

Unlike Dagenais et al., the survey found that there was no difference between inventors 

who were successful and those that were unsuccessful in generating an innovation with 

regard to: 

- level of education (Table 10.71, Appendix 10.13); 

- number of granted patents authored (Table 10.71, Appendix 10.13); and 

- whether they had used a patent attorney or not (Table 10.83, Appendix 10.13). 

 

Most of the inventors in our survey were probably employed by government, business, 

or public sector research organisation.  Though we did not specifically look at whether 

the inventor was self-employed or not.  The only point that the survey concurs with 

Dagenais and colleagues is that inventors not employed by a university or research 

institute were more successful at generating an innovation.   

 



 

 

210

The differences in results may be real or due to different samples of inventors between 

our study and that of Dagenais and colleagues.  They were examining individual 

inventors whereas we examined all inventors, not just individual inventors.  

Furthermore, we were looking at medical patents and may therefore had a high 

technology bias rather than patents from all sectors as they did.   

 

5.8.2.2 Characteristics of medical patents 

If a number of patent characteristics or indicators could be developed from data 

available on the patent databases to assess the relative commercial value of a patent, 

that would be of great utility to, for example, potential investors, venture capitalists or 

financing institutions.  I hypothesised in Section 5.1 that patents may have a greater 

economic value if, for example: 

- the patent is assigned; 

- the patent is assigned to a business; 

- more than one inventor is listed; 

- there is evidence of international collaboration with one or more inventors or 

assignees from overseas; 

- a prolific inventor is listed;  

- the patent cites scientific literature;  

- the patent encompassed specific technologies such as biotechnology; and 

- the technology had a therapeutic rather than a diagnostic medical application. 

 

However, in the survey of inventors only one of these patent characteristics was found 

to predict innovative potential, namely, that patents citing the scientific literature were 

less likely to become innovations.  The median number of citations of the scientific 

literature for patents leading to innovations was a surprising zero, whereas for non-

commercialised patents it was 3.  Given this was a median - a measure of central 

tendency – there would be a wide overlap between the two groups.  Therefore, the 

number of scientific citations on a patent is not a good measure for discriminating 

individual patents as to their commercial potential.  This characteristic goes against the 

prevailing findings in the literature.  It seems to contradict the claim that R&D intensive 

companies which own patents that are highly science linked, as measured by citations, 

end up with higher returns on the stock market down the track (Narin et al. 2000: 23).  
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This may reflect the lower rate of commercial success for patents arising from research 

organisations which would be expected to have higher rates of citing scientific papers.34   

 

Unassigned patents were just as likely to be commercialised as assigned patents, which 

is unexpected.  Assigned patents ostensibly have the backing of an organisation and 

would be thought to be more likely to be fully commercialised (e.g. Rossman & Sanders 

1957).  This finding in our study, however, is consistent with Firestone’s study (1971) 

of Canadian patents.   

 

5.8.2.3 Summary of outcome for remaining hypotheses relating to survey 

The remaining hypotheses for this survey include that patents were more likely to 

become innovations if: 

the inventor had significant prior business experience; 

- the inventor was a clinician and had patient care responsibilities; 

- the inventor had authored more provisional and granted patents; 

- the inventor classified their technology as being “new” rather than incremental; 

- the research had been funded by a public research funding agency; 

- the level of investment for development was higher; 

- a business plan had been drafted; 

- market research had been undertaken; 

- a prototype had been developed; 

- an industry partner had been involved; 

- someone other than the inventor was in charge of commercialisation; 

- the person in charge of commercialisation had good business experience; 

- Australian government-funded programs for commercial development had been 

used; and 

- more extensive advice had been sought.   

 

                                                 
34 In our survey patents assigned to universities had a median of 7 such citations whereas those assigned 

to companies had 2.  However, this comparison needs to be done looking at the source of invention rather 

than assignees, which as discussed, underestimates the number of inventions coming from public funding 

organisations. 
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None of these were found to have a significant association with developing a 

technological innovation except if:  

- the inventor had authored more provisional patents (but not more granted 

patents); 

- an industry partner had been involved; 

- someone other than the inventor was in charge of commercialisation, namely if 

the industry partner was in charge; and 

- of all the Australian government-funded programs for commercial development 

only the R&D tax concession and the Export market development grants scheme 

were significantly associated with developing an innovation. 

 

These findings, if not already discussed, will be incorporated in the more detailed 

discussion to follow. 

 

5.8.2.4 Patent characteristics as defined by inventors 

If inventors stated that their patents had been submitted in countries other than 

Australia and the US, their technology had a greater chance of being successfully 

commercialised than those that were not (51% versus 34%, Table 10.72, Appendix 

10.13).  This finding is supportive of the concept of examining inventions that are 

simultaneously granted patents in multiple overseas countries such as the triadic patent 

families used by the OECD (2001c: 60) which appear to embody a higher degree of 

commercial potential.  Other predictors of commercial success include: the patent 

being licensed or being modified leading to further patents.  These are predictable 

findings because to pay for a license or further development work or extending patent 

coverage overseas, an industry partner or other investor would think long and hard 

about the technology’s commercial potential before providing the required additional 

funding.   

 

5.8.2.5 Source of invention 

The source of invention is taken as the workplace of the inventor at the time of coming 

up with the invention.  Inventors largely confirm this supposition.  They indicate that 

for 68% of patents the source of invention is their workplace - 77% for assigned and 

47% for unassigned patents.  This is probably an underestimation given: 
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- that this answer was part of a large question (Q14) with 24 options; and  

- inventors may not be conscious of the full influence that their workplace or job 

may have on their thinking processes and embodied in their tacit knowledge. 

 

Thus, medical patents in the US listing Australian medical inventors primarily come 

from publicly funded organisations (53%) and only just over one quarter come from 

industry (Table 5.5).  Medical inventions from publicly or government funded 

organisations (53%) materialise from universities (30%), public hospitals (10%), the 

CSIRO (7%), Commonwealth government (3%), and public research institutions (2%).  

Only 28% of inventors worked for industry at the time of invention – originating from 

the medical technology (11%), pharmaceutical (4%) and biotechnology (3%) industries.  

Another 11% come from an eclectic range of industries focusing on information 

technology, electronics and communication, household products, motor body 

manufacturing, and plastics manufacturing and one worked as a salesman (Table 10.8, 

Appendix 10.10).   

 

The area of employment at the time of invention is a very strong predictor of 

commercial success (Table 10.71, Appendix 10.13), whereas the source of ideas and 

information was not (Table 10.72).  If the inventor worked for industry they would have 

commercialised two thirds of their patents (68% = 32/47).  If they worked for a 

university, a hospital, CSIRO, or were in private clinical practice there was an even 

chance of success.  Whereas if they worked for a research institute only 10% (1/10) 

became innovations.   

 

5.8.2.6 Source of invention: first-listed assignees as the source 

In contrast to these findings the first-listed assignees are business (39%), largely 

publicly funded organisations (28%) and 28% are unassigned.  Hence, there are many 

more government-sourced inventions than patents assigned to public funded 

organisations.  Given that 90% of assigned medical patents list only one assignee (Table 

4.6 in Chapter 4), these represent the vast majority of assignees.  Just examining the 

first-named assignee on patents means that the true source of invention may be largely 

missed.  This survey suggests that the first assignee may be the source of invention in 

only 45% of assigned medical patents.  What about unassigned patents, which make up 
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28% of medical patents?  Individual inventors point out that 47% of time their 

workplace is a source of ideas for the invention.  With two thirds working for industry 

or a publicly funded organisation at the time it is possible half of these, making up one 

third of unassigned patents, may be the property of the inventor’s employer.  The rest of 

these individual inventors are mainly self-employed, and thus, they themselves would 

be expected to be owners of the intellectual property.   

 

These figures reflect the amount of medical R&D spent by the Australian public sector 

(64%) and the private non-profit sector (14%) as against industry (23%) in 2000-01 (see 

Appendix 10.4).  

 

The patent data are used extensively in the innovation and economic literature.  The 

source of invention in patents is examined a number of ways including examination of 

citations in patents to the scientific literature (Narin, Hamilton & Olivastro 1997) 

though whether there is a direct link between cited paper and citing patent has been 

questioned (Meyer 2000; Tijssen 2002).  The innovation literature does not describe 

assignees as the source of invention, rather there is a preponderance of research 

describing the patenting activities of assignees such as large firms (Patel & Pavitt 

1997), while the activities by inventors at the time of invention is neglected (Tijssen 

2002).  The likely reason for this is the ready accessibility of patent data.  Thus, 

studying patent citations to science and describing patenting activities of assignees 

generates a research bias leading to a publication bias.  This bias means the true 

complexity of factors influencing the creation of patented inventions are being missed.  

This study, for example, shows that even though only 28% of medical patents listed a 

publicly funded organisation as the first assignee, it appears that 53% actually 

originated from the public sector (Table 5.5).   

 

One third of patents originate from research supported by a research funding agency, 

most commonly the NHMRC (14%), ARC (5%) or through a postgraduate research 

scholarship (6%, Table 10.17, Appendix 10.10).  Altogether there were 21 different 

funding agencies listed by inventors.  Due to individual patents receiving multiple 

sources of funding, Australian public sponsored agencies funded research leading to 

24% of all medical patents.  
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Medical patents which have resulted from research supported by such research funding 

agencies or arising from a research supported by a postgraduate scholarship have less 

success in becoming innovations.  This is consistent with lower commercial success of 

patents arising from the public sector (Table 10.71, Appendix 10.13). 

 

5.8.2.7 Commercialisation process 

Given that close to one third of inventions originate from publicly funded research and 

half arise from publicly funded organisations35 - what is the vehicle for 

commercialisation?  A dominant form of technology transfer is for patents to be 

licensed or sold (45%).  This varied between the different sectors and predictably is 

highest for universities (57%), and less for the rest of the public sector (41%), industry 

(47%) and private research institutions 0%.  The remaining sectors, including inventors 

in private clinical practice, only licensed or sold 37% of their patents. 

 

Thus, one of the other predictors of commercial success include the patent being 

licensed.  This is a predictable finding because to pay for a license an industry partner 

would think long and hard about the technology’s commercial potential before 

providing the required additional funding.  In addition, given the higher proportion of 

patents originating from the public sector, a necessary requirement for its 

commercialisation is that it is transferred to industry.  Licensing is a strong determinant 

of innovation of Australian patents which remains significant even after the 

multivariable analysis (Tables 5.11 and 5.16). 

 

Barely 3% (6/177) of patented technology involves creating a start-up company to 

commercialise the technology.  This is consistent with the low number of patents which 

are funded during their commercialisation by venture capital (5%), a business angel 

(3%) or an initial public offering (2%).  Even though there is no specific option in the 

survey to indicate whether the commercialisation involves a start-up company or not – 

the fact that these figures are congruent, supports the finding that few start-up 

companies are created as a means for commercialising intellectual property in Australia.   

 

                                                 
35 The origin of the patent is taken as the site where the inventor worked at the time of developing the 

intellectual property which led to their patent. 
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Most patents are commercialised through established companies – SMEs in Australia 

and large enterprises overseas.  As a proportion of all patents, the industry partner is 

generally based in Australia (33%) and in the US (23%, Table 10.30, Appendix 10.10).  

The 59 Australian-based companies, most (77%) of which are Australian owned, are 

SMEs36 with a median of 65 employees.  For those, which indicated the size of their 

industry partner, only 29% are large enterprises.  In contrast, overseas companies are 

much larger with a median of 1,000 or more employees, with 75% being large 

enterprises (with more than 250 employees).  This suggests that in Australia SMEs 

commercialise Australian medical patents whereas large enterprises (possible 

multinational enterprises) do the commercialisation overseas. 

 

As would be expected, the most common industry partners are pharmaceutical, 

biotechnology and medical technology companies (72%) which were involved with half 

of the patents.  

 

Only 24% of patents involve an industry partner during the early phases of 

commercialisation, namely prior to patent submission.  This is consistent with 27% of 

inventors working for industry at the time of coming up with the invention.  Overall 

76% of patents involve an industry partner at some stage but a possible concern is that 

24% never did (Table 5.10).  Ideally, all these patents would have been assessed by 

industry.   

 

The main model of innovation for medical patents in Australia is a “technology push” 

from patented technology arising from publicly funded R&D and organisations which is 

commercialised through established companies.  Thus, most marketed products are 

commercialised through SMEs in Australia and large companies overseas.  From the 

innovation literature, new start-up companies are thought to be a crucial facet of 

technology transfer from universities and other public sector institutions and a vital 

aspect of industry growth (OECD 2001a).  Hence, the low number of start-up 

companies resulting from Australian patents in the US could be regarded with a degree 

of concern.  Recent figures from the Global Entrepreneurship Monitor (GEM) project 

(Hindle & Rushworth 2001; Reynolds, Camp, Bygrave, Autio & Hay 2001) are more 

                                                 
36 SMEs are small to medium sized enterprises and usually refer to firms that employ between 1 and 250 

or 500 people.  For the purpose of this thesis, SMEs are firms employing less than 250 workers. 
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promising.  These indicate that Australia was ranked third in the world behind Mexico 

and New Zealand in entrepreneurial activity.37  Only 3% of patents involved funding 

from business angels, though, this again seems to be turning around, with Australia was 

ranked equal 6th out of 24 surveyed in terms of business angel investment.  However, 

Australia is still ranked 16th out of 24 surveyed countries on venture capital investment 

as a percentage of GDP (Hindle & Rushworth 2001).  Hopefully, this will improve with 

an increasing availability of venture capital, especially early stage and patient capital, 

along with venture capitalists improving their commercialisation experience.   

 

The person in charge of the commercialisation at the time of the survey is most 

commonly an employee of the industry partner (25%) or some other company (15%) or 

the inventor themselves (25%).  This person is generally regarded as being “good” or 

“average” in their skills but is rated as less skilled in their experience in business and 

commercialising technology.  This supports the numerous Australian reports 

recommending policy initiatives for improving the availability of patient venture capital 

and the commercialisation skills of people developing innovations.  

 

5.8.2.8 Cost of commercialisation 

One third of inventors invested their personal finances in the commercialisation project.  

One third of patents had funding from the industry partner, one quarter from the 

inventor’s employer and 20% from the organisation where the invention arose.  The 

Commonwealth government plays a role by funding 11% of patents through the 150% 

or 125% R&D tax concession scheme and 18% through Commonwealth Government 

grants aimed at assisting Australian companies primarily the Export Market 

Development Grants Scheme (Table 10.38, Appendix 10.10).   

 

The median cost of commercialising US patents listing Australian inventors was 

between AUD$100,000 and AUD$500,000.  Surprisingly, the median amount spent on 

commercialising patents is the same whether the patent became an innovation or not. 

The expectation would be that successful innovations would cost more to 

commercialise. 

                                                 
37 Entrepreneurial activity is measured by the number per 100 adult individuals who are trying to start a 

new firm or are the owner/manager of an active business less than 42 months old. 
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This median amount is much less than that quoted by industry for commercialising a 

medical device (USD$100 million) or a drug (USD$250 to USD$800 million).38  

However, these industry figures are known to include all development costs, and also 

the cost for all failed products which do not make it to market, and not just the cost of 

successful ones.   

 

5.8.2.9 Proportion of patents which become technological innovations 

A central finding of this survey is that 50% of patents result in a marketed product or 

service or improved production process - thus becoming technological innovations.  As 

described in the literature review, this is in keeping with previous surveys of inventors 

(Table 2.6).  However, these surveys were performed of inventors who had applied for a 

patent in their home country, whereas our survey was for Australian inventors listed on 

patents registered overseas, namely in the US.  The expectation would be that the 

proportion of commercialised patents would be higher, given the extra effort and cost 

involved with patenting in overseas countries.  However, Firestone’s (1971: 363-364) 

findings about Canadian patents does not support this.  He found that 52% of US 

patents granted in Canada were commercialised, which is similar to the 51% of 

domestic Canadian patents. 

 

Overall our research demonstrates that: 

- 32% are manufactured for more than four years; 

- 34% of patented technology is generating sales the financial year before the 

survey (which was a median of 8 years after patents had been granted); and 

- 13% or one in eight of these is producing annual sales of over AUD$ 1million.   

 

The estimated average value of Australian medical patents granted in the US in terms of 

sales is AUD$8.1 million per patent – however, it seems the most profitable 19% are 

probably generating most of these sales (Section 5.4.5.2). 

 

This suggests that US medical patents listing Australian inventors are commercially 

very valuable.  Of the 50% that result in a marketed product most (33%) are 

                                                 
38 See http://www.backingaustraliasfuture.gov.au/submissions/issues_sub/pdf/i42.pdf [5 December 2003] 
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manufactured in Australia and 25% are manufactured overseas.  So regardless of the 

patents being granted in the US, most are manufactured domestically. 

 

Of all technology manufactured overseas (n=59), including that which did not end up 

being marketed, most is in the US (66%), then the UK (14%) and Japan (8%). 

 

5.8.2.10 Factors influencing the commercialisation process 

A focus of this thesis is to find factors which hindered or facilitated the 

commercialisation process.  A number of barriers to commercialisation were 

identified through Question 35 and the open ended Question 39 (Tables 10.36 and 

10.40, Appendix 10.10).  As expected the main barrier encountered by the medical 

inventors is poor access to finance in Australia (50%).  This ranges from a lack of 

money for clinical trials, to a lack of R&D, seed and venture capital all the way to a 

shortage of funds for marketing.  This is the equity gap between research and industry 

being prepared to take up the technology (Wills 1999: 152).  This is consistent with the 

finding of numerous reports in Australia (Cripps, Yencken, Coghlan, Anderson & 

Spiller 1999; Wills 1999; Johnston, Matthews & Dodgson 2000).   

 

There are a number of problems with technology transfer, primarily from the public 

sector to industry.  These include poor technological expertise in Australian finance 

industry (41%) and the complaints about the management of technology transfer by 

universities and other organisations (14%).  Also the person in charge of 

commercialising the patent is another factor to be considered; their main weakness was 

a lack of business and commercialisation experience.   

 

Further investigation and investment in technology transfer seems to be warranted.  

This has been the focus of recent reports (e.g. Cripps et al. 1999; Johnston, Matthews & 

Dodgson 2000).  However, given the predominance of commercialisation through 

established companies it is the state of the domestic medical industry which is most 

important.  This leads to the second lot of common constraints, namely, the small size 

of Australian industry in field of invented technology as found by half of the surveyed 

inventors (49%, Table 10.36, Appendix 10.10), their poor interest in the patented 

technology (44%) and their lack of expertise to understand the invention (41%).   
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The other issue for 43% of the inventors is the small size of the Australian market, 

which encompasses about 1% of the world medical market - unlike the US which for 

example represents 46% of the international medical instruments market and was worth 

USD$53 billion in 1998 (Department of Foreign Affairs and International Trade 2000).  

Another major problem was the perceived difficulty that 11% of inventors had about 

accessing world markets (Table 10.40, Appendix 10.10).   

 

A major issue is what could be summarised under the so-called tall-poppy syndrome or 

the existence of a negative “enterprise culture” in Australia (Industry Task Force on 

Leadership and Management Skills 1995; Hindle & Rushworth 2001).  Close to one 

third of inventors felt they were not being supported either by colleagues, the Australian 

public, health professionals or Australian industry and government.   

 

Unexpectedly, the meeting of regulatory requirements to have products approved for 

human use does not seem directly to be a large hurdle – it is a problem for about 11% to 

14% of inventors (Tables 10.36 and 10.40, Appendix 10.10).  What emerges from the 

interviews is that regulations are more a hurdle in the sense that finances are required to 

conduct clinical trials to meet these requirements.   

 

An initial assumption for this thesis was the main problem of commercialising 

Australian medical technology would be the poor management of technology transfer.  

However, all the above factors point to the foremost problem lying with the small size 

of the Australian medical industry and their domestic market.  These factors in turn may 

have contributed to the existence of a negative “enterprise culture” in Australia. 

 

5.8.2.11 Inventors’ opinion of government 

There were mixed responses, mainly ambivalent or negative, by inventors as to their 

opinion of the role of government in innovation.  It was not seen as an issue for 

between one third to one half of inventors.  However, one third or more felt that the 

Australian government was poor at providing support for commercialising their 

invention.  This includes a lack of support through provision of development funds, 

using its purchasing power, its political networks overseas or Austrade, and generally 
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lacking in terms of industry policy and a vision for industry.  Only 3% to 18% of 

inventors felt that the Australian government was good in these areas. 

 

5.8.2.12 Inventors and their perception of the commercial potential of their 

technology 

It is intriguing to note that the inventor’s assessment of their technology, whether it was 

classed as being “new”, a “substantial improvement” or just an “improvement” was not 

predictive of commercial success.   This question was getting at the nature of the 

innovation, the question being asked was essentially: is the innovation radical or 

incremental ?  Radical innovations are thought eventually to have a bigger economic 

impact, however, given that there were only 177 inventors and their patents in the 

survey it was unlikely that a truly radical innovation would be in the study sample.  

However, “new” technology was taken to be analogous to a “radical” development and 

“improved” as an “incremental” development (OECD 1992: 24).  Even if the inventor’s 

classification of their invention was incorrect, it was thought if the inventor rated the 

technology as being “new” then this could possibly be an indication of greater 

commercial potential.  Edquist (2001: 7) thought that such disaggregating of 

innovations into incremental and radical innovations or some other taxonomy is crucial 

when attempting to identify the determinants of innovation.  In our study this does not 

appear to be the case.  However, as noted in the literature incremental changes to 

existing technology can often be more profitable than new technology – with people 

who come up with radical or new technology not always being the ones to profit the 

most from it (OECD 1999b: 19).  Asking independent assessors rather than inventors to 

classify the nature of the invention may be a more reliable approach to take. 

 

I wondered if there was another way of tapping into the inventor’s thoughts on the 

patent’s commercial prospects.  Unexpectedly, directly asking inventors about the 

commercial potential of their technology is not predictive.  For example, inventors 

rarely admit to the technology being “uncompetitive technology against established 

products” (Q23, Table 10.25, Appendix 10.10) or that their patent was commercially 

unviable (e.g. Q39, Table 10.40, Appendix 10.10).  Rather they will externalise the 

reasons for commercial failure from the technology to a “lack of interest from industry” 

(Table 10.25, Appendix 10.10).  A strong belief in the commercial potential of the 
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technology may be important in sustaining inventors through the commercialisation 

process. 

 

Nevertheless it is interesting to note that inventors may subconsciously have a very 

good idea of the commercial potential of their patent.  This is confirmed by the finding 

that patents whose inventors have invested their own money in their commercialisation 

are twice as likely to end up as a technological innovation.  This finding appears to be 

robust and survives the logistic regression analysis.  This means that inventors may 

actually be able to predict the likely commercial outcome of their invention even if it is 

not consciously articulated by them.   

 

5.8.2.13 Commercialisation process (business plans, market research, advisors) 

Despite the insistence of venture capitalists that drafting a good business plan and 

undertaking market research are vital in the process of technology transfer, these 

features were not predictive of the patented invention becoming an innovation.  Neither 

was developing a prototype (Table 10.74, Appendix 10.13) or seeking more advice 

(Table 10.83, Appendix 10.13).  This meant that four of my initial hypotheses were 

dashed.  However, this finding may be because most patents were commercialised in 

established companies with few leading to company start-ups.  Established companies 

probably have a good understanding of the market for the technology and would 

incorporate the patented technology into their business routines.  However, if there was 

a higher proportion of technology being commercialised through start-ups then drafting 

a business plan, undertaking market research and seeking advice may become more 

important determinants of innovation. 

 

It could also be that knowledge of the market may be a more important predictor of 

success rather than market research by itself.  This is supported by the finding that 

inventors who state that the “Australian market is small” or that they have “poor access 

to markets overseas” are twice as likely to have successfully commercialised their 

patents (Table 10.82 Appendix 10.13).   
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5.8.2.14 Commercialisation process (industry partner) 

If inventors indicate that an industry partner has been involved at some stage, or was 

in charge of commercialisation, or was currently involved, this is a predictor of success.  

It is not surprising that medical patents are less likely to be commercialised if no-one is 

in charge, or they have lost their industry partner, or they have never had one, or they 

are seeking one.  For patents to become innovations requires an industry partner.  Not 

unexpectedly poor interest from industry in Australia leads to the patent being less 

likely to become an innovation – which hopefully means that the technology had been 

shown to Australian industry.  Whereas if this is not an issue the patent was close to five 

times more likely to be fully commercialised.   

 

Smaller firms such as private and independent companies have a higher commercial 

success rate with their patents (Table 10.79, Appendix 10.13).  However, firm size is 

probably related to rate of patenting such that it appears that smaller companies have a 

higher success rate for their patents because larger firms probably patent more but 

commercialise less.  The large companies are not only patenting specific intellectual 

property but are probably carving out a patent niche at the same time (Kingston 2001). 

 

If the industry partner is a medical technology company it is more likely to succeed than 

other types of medical companies.  This is probably related to company size and 

patenting strategy.   

 

If the industry partner was providing their own distribution network, was a particularly 

high predictor of commercial triumph – it includes 43% (38/89) of patents that became 

innovations but only one patent that did not become one. 

 

5.8.2.15 Determinants of innovation and confounders 

The major aim of this study was to outline the determinants of innovation for patented 

technology and identify the most important determinants early in the commercialisation 

process. 

 

One of the weaknesses of the systems of innovation approach is that “we know far too 

little about the determinants of innovation” (Edquist 2001).  This study identified such 
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determinants by comparing the experience of inventors listed on medical patents who 

generated technological innovations with those that had not.  This exercise was to 

identify a number of factors thought to be significant determinants as identified by their 

strength of association.  Then, through multivariable modelling using logistic 

regression, an attempt was made to identify the most important innovation determinants 

by calculating the innovation potential score for medical patents.  However, one cannot 

determine causality using survey data, as it is cross-sectional in nature with the 

determinants and outcomes being measured simultaneously.  All I could do was 

hypothesise as to cause and effect.  In other words, the survey data was able to identify 

a number of possible determinants of innovation for patented inventions, which need to 

be tested in prospective studies, where determinants are measured before the outcome is 

known.  The outcome in this case is whether the patented invention becomes a 

technological innovation or not.  One of the issues with survey data is that it is very 

difficult to separate determinants of innovation from confounders related to where the 

invention has ended up in the commercialisation process.  For this reason, only factors 

considered to be early in the commercialisation process were used to identify the most 

important determinants of innovation. 

 

Most factors associated with commercial success relate to things that inventors 

encounter later in the commercialisation process.  These include knowing about demand 

from customers, quality of distributors, suppliers, market access and market size (Table 

10.82, Appendix 10.13).   

 

The challenge in this survey is to identify determinants that are causal and those that are 

confounders.  For example, factors late in the commercialisation process which are not 

rated (“no answer provided”) or rated as “not an issue” instead of “good” or “poor” are 

associated with failed commercialisation (e.g. Table 10.82, Appendix 10.13).  This 

suggests that the unsuccessful inventor had not ventured deep into the 

commercialisation process, and therefore, not encountered these issues in order to pass 

judgement.  In other words, if “acceptance by customers or patients”, “demand from 

customers” and “quality of distributors”, is “not an issue” this predicts failure (Table 

10.82, Appendix 10.13).  Also, if government programs providing support to industry 
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have not been used during the commercialisation process (Q37), the technology is less 

likely to have been commercialised (Table 10.84, Appendix 10.13).39 

 

Confounding would also explain why commercial success is linked to the inventor 

circling either that the regulatory environment was “good” or “poor”.  The reason being 

that these inventors had encountered the issue of regulatory requirements, whereas 

inventors who noted it as being “not an issue” had not progressed to this stage in the 

commercialisation process.  Similarly, even though only 5% (11/177) of inventors find 

that the Australian government is “good” in terms of using its political networks 

overseas to support Australian products or industry – 10 out of these 11 inventors ended 

up with a technological innovation.  Inventors finding that Austrade is unsupportive or 

that the Australian government lacks a vision for industry are also predictive of bringing 

their technology to market.  These findings are suggestive of a deeper level of 

experience of government and the public service, and therefore, again of having 

travelled further down the commercialisation track.   

 

Equally, if inventors feel that industry in Australia has good personnel, production 

facilities, industry R&D facilities or link with industry, these are also predictors of 

commercial success.   

 

Answers that indicate the commercialisation process is going well, are also associated 

with commercial success; namely, that inventors trust the industry partner or that the 

quality of the distributors or suppliers is good. 

 

These findings seem to indicate that these factors or determinants did not influence the 

process of commercialisation but that the commercialisation experience of successful 

inventors was different.  In other words, these results are suggestive of confounding by 

differing experience of commercialisation between successful and unsuccessful 

inventors. 

 

The only way to tease out whether a determinant during the commercialisation was 

causal (a determinant of innovation) or a confounder is to undertake prospective cohort 

                                                 
39 This includes funding by the government’s R&D tax concession or the Export Market Development 

Grants scheme.   
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studies.  Cohort studies are particularly good at examining temporal relationships by 

measuring determinant before the outcome of interest has occurred.   

 

Ideally such cohort studies would entail:  

- a large sample of innovations in order to undertake multivariable analysis and 

rank the determinants of innovation; and 

- representatives samples from a number of regional, sectoral or national settings 

in order to elucidate context specific determinants from the more generic (e.g. 

institutional) determinants relevant in multiple settings.   

 

5.8.2.16 The most important determinants of innovation and the innovation 

potential score for medical patents 

The survey examines determinants of innovation by comparing patents successfully 

commercialised with those that were not.  Determinants with a statistically significant 

association with innovation during the univariate analysis were used in a logistic 

regression analysis to identify the most important determinants.  This analysis found a 

greater likelihood of a medical patent of becoming an innovation if: 

- the inventor was employed by industry at the time of invention; 

- the patent had been licensed; 

- the research leading to the patent was not funded by a public agency; 

- the inventor had invested their own finances in the commercialisation process;  

- an industry partner was involved in the patent’s commercial development;  

- the inventor found that interest from industry in their home country was not 

classified as “poor”; and 

- the inventor found that the size of Australian market is “poor”. 

 

These variables are used to create the innovation potential score for medical patents.  In 

order to identify the most important determinants and develop the innovation potential 

score for medical patents, the hundreds of associations generated through bivariate 

analysis were boiled down to 66 statistically significant associations (p<0.05) in Table 

5.11.  These were further reduced to 14 variables by excluding those: 

- having a co-linear relationship with other variables; 
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- relating to factors encountered later in the commercialisation process which are 

more prone to be confounders;  

- specific to Australia and unlikely to be relevant in other countries; and 

- subject to change over time. 

 

This process of selecting variables for the predictive model has a potential for bias.  The 

final determinants making up the questions in the innovation potential score for medical 

patents probably reflect some unique characteristics of the commercialisation of 

Australian medical patents.  If a patent has been licensed, that is predictive of it 

becoming an innovation.  This finding probably reflects the high proportion of 

Australian medical patents (53%) arising from public funded organisations and 

requiring some vehicle for transferring the technology to industry.  In addition, an 

appreciation by the inventor that the Australian market is “poor” is a predictor for 

generating an innovation.  This variable could be argued is too specific to Australia.  

However, it was left in the model because it indicates that an understanding by the 

inventor of their domestic market is a predictor of success.  As mentioned in Section 

5.7.1, in other countries such as the US, it might be that the inventor states their market 

is “good” is a predictor for success.   

 

Through this study we were able to develop a logistic regression model in an effort to 

estimate the innovation potential of medical patents.  The aim of developing an 

innovation potential score for medical patents is to: 

- identify the most important determinants of innovation early in the 

commercialisation process in an effort to avoid selecting confounders; 

- facilitate venture capitalists and other potential investors in their selection of 

patents that have the greatest potential for generating returns on their 

investment; and 

- help policy makers decide where to concentrate on improving the supports for 

medical inventors to maximise the commercial potential of their technology.   

 

However, our tool needs to be validated and expanded in prospective studies, in 

particular to incorporate institutional measures as will be outlined in Chapter 7.  The 

method used in this study to develop the innovation potential score, can be drawn on to 

identify the most important determinants of innovation in other studies.  
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5.8.2.17 Survey results and criteria for causation in innovation 

This section examines our findings through the modified Bradford-Hill criteria for 

causation as outlined in the literature review (Section 2.5.10), which could be adapted 

for use in systems of innovation research.  In the survey of medical inventors, several 

hundred associations between determinants of inventors and the outcome of interest, 

namely, technological innovations were estimated.  This was undertaken in Section 5.6 

and summarised in Table 5.11.  It is an unrealistic task to examine causality, using all of 

Bradford-Hill’s criteria, for each one of these associations.  So what was done?  When 

looking at the determinants of innovation, the main criterion investigated was the 

strength of the association through chi-square analysis and by calculating odds ratios.  

Assessing consistency of association with previous surveys of inventors could not be 

done as they had presented descriptive data or did not present the p-values after 

undertaking a narrowly focused comparative analysis (Dagenais, Séguin-Dulude & 

Desranleau 1991, see Section 2.9.2).  

 

The temporal relationship of some variables was analysed, such as the inventor’s 

workplace at the time of invention and their current occupation.  As outlined in Section 

5.8.2.15 above and 5.8.7 below, the temporal relationship between determinant and 

outcome cannot be reliably assessed in cross-sectional survey being prone to recall and 

other biases.   

 

Coherence of evidence is assessed through comparison with the literature review of 

previous surveys and literature on innovation.  The literature review did not discuss any 

specific experimental studies as no relevant trials were encountered during the review of 

the literature.  Generally few trials are done in economics (Guala 2001).   

 

Examination for a dose response was not done as most independent variables or 

determinants were binary.  A possible exception is investigating the education level of 

inventors (Table 10.71, Appendix 10.13), and the cost of commercialisation (Table 

10.73, Appendix 10.13).  Eyeballing these data shows no trend, chi-square analysis 

demonstrates no significant differences in proportions, though no test for trend was 

performed.  For continuous variables, median values were generally looked at and these 
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variables were not categorised into different “dose” levels.  A suitable variable for 

examining for a dose response may have been the number of provisional and granted 

patents inventors had drafted (Table 10.71, Appendix 10.13).   

 

Aetiological or theoretical plausibility is examined throughout this discussion section.  

Reasoning by analogy was not done.   

 

In terms of assessing causality, this study looked at strength of association, some 

temporal relationships, and some dose responses by comparing proportions.  Due to a 

lack of prior research it was impossible to examine for consistency of association, 

previous experimental evidence and I was limited in the assessment of the coherence of 

evidence. 

 

In summary, this study contained all the inherent weaknesses of a cross-sectional study 

undertaken in an area where no previous studies had been done.  As will be discussed in 

further research, large cohort studies are needed to further define the determinants of 

innovation for patented and other forms of technology.  As mentioned above, large 

numbers are needed in order to ensure adequate numbers for the statistical analysis, 

especially in any multivariable analysis.   

 

5.8.3 What is the role of “institutions” in generating Australian medical 

technological innovations? 

 

This survey was primarily focused on technological innovations.  However, it afforded 

the opportunity to retrospectively identify the role of institutions in guiding the 

behaviour of medical inventors trying to commercialise their inventions and generate 

technological innovations.   

 

In the survey, medical inventors were asked about educational, political and economic 

institutions.  The inventors were generally highly trained having been exposed to 

university and professional educational environments which probably had an enormous 

impact on how they interact with other people.  Through education, universities train 

medical inventors how to interact with other people and enculturate them into their 
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respective professions.  As a guide to human interaction, universities also provide the 

organisational environment and the incentives for creating inventions and in publishing 

research.   

 

In addition, two thirds of inventors had some significant previous business involvement, 

with one third having worked at a senior level in business.  This indicates that the 

combination of tertiary education and business experience appear to be important 

institutional influences on inventors listed on medical patents.   

 

The inventor’s workplace is likely to be an important source of invention for 68% of 

medical patents.  Organisations, such as the workplace, are environments in which 

human interaction is usually highly regulated.  The main source of invention for 

medical patents appears to be the interaction between the inventor and the organisation 

they work for.   

 

The quality of management is a prominent indicators of the quality of the organisational 

environment.  The perception of medical inventors of the person in charge of the 

commercialisation process was that they generally lacked business and 

commercialisation experience.  Given that institutions guide human interaction, the 

person in charge of commercialisation guides human interactions related to the 

commercialisation process.  This reflects the fact that quality of management culture in 

Australia, as outlined in the literature review, is somewhat poor relative to other OECD 

countries (Industry Task Force on Leadership and Management Skills 1995). 

 

The role of government in generating medical technological innovations appears to be 

very important or even pivotal in Australia.  The Commonwealth government in 

Australia funds the lion’s share of higher education and medical inventors depend on it 

with 89% of medical inventors having a university degree and 53% having doctorates.  

The majority (53%) of Australian patented medical inventions comes from publicly 

funded organisations.  In addition, 24% of research leading to medical patents taken out 

in the US is almost certainly publicly funded – again overwhelmingly by the Australian 

government.   
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Not only did the government fund the education of medical inventors, a quarter of the 

research leading to a medical patent and half the organisations generating inventions, 

but also contributes to the commercialisation process through government programs 

(18%) and the R&D tax concession (11%). 

 

There were mixed responses, mainly ambivalent or negative, by inventors as to their 

opinion of the role of government in innovation.  It was not seen as an issue for between 

one third to one half of inventors.  However, one third or more felt that Australian 

government was poor at providing incentives for commercialising their invention.  This 

includes a lack of support through provision of development funds, using its purchasing 

power, its political networks overseas or Austrade, and generally lacking in terms of 

industry policy and a vision for industry.  Only 3% to 18% of inventors felt that the 

Australian government was good in these areas.  The perception of inventors derives 

from their focus on the immediate commercialisation process, rather than more distal 

and indirect role governments play, such as in their own education.  The role of 

regulation in invention is of particular focus of institutional economists (e.g. Edquist & 

Johnson 1997; Ingram & Silverman 2002).   

 

Unexpectedly, the meeting of regulatory requirements to have products approved for 

human use does not seem directly to be a large hurdle other than the finances required 

to conduct clinical trials to meet these requirements.  

 

Culture in Australia seems to be a vital factor in the commercialisation process.  A 

major issue is the existence of a negative “enterprise culture” in Australia (Industry 

Task Force on Leadership and Management Skills 1995), with close to one third of 

inventors felt they were not being supported.  This was either by colleagues, the 

Australian public, health professionals or Australian industry and government.  This is 

also reflected in the findings of low levels of venture capital (3%) or business angel 

(3%) investment and by only 3% of patents involving a start-up company.   

 

On the other hand, inventors indicate that one of the main factors which facilitate the 

commercialisation process was a supportive cultural environment for inventors 

including specific support from colleagues and organisations (20%).  One third of 

inventors indicate that they trusted their industry partner, which was a predictor of 
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developing an innovation.  The other institutional features that help the 

commercialisation process (Table 10.41, Appendix 10.10) include good management of 

the commercialisation process (20%), and access to funding (18%).   

 

Certainly the attitude of Australian industry to commercialising Australian inventions 

appears to be on balance negative.  However, this was a predictor for failing to develop 

an innovation.  Thus, inventors may have externalised a negative response by Australian 

industry to their technology as a negative attitude to commercialisation. 
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The fundamental question is whether any institutional factors were found to be 

determinants of innovation?  Looking at Table 5.11, the institutional determinants of 

innovation include: 

- area of employment at the time of invention, with those working for industry 

being most successful; 

- receiving the Commonwealth Government’s 150% or 125% R&D tax 

concession or funding from an Exports Market Development Grant; 

- the person in charge of the commercialisation process being from industry; 

- the involvement of an industry partner; 

- the industry partner being a medical technology company (a sectoral 

determinant of innovation); 

- the industry partner being an Australian company or majority Australian owned; 

- trust of industry partner; 

- good quality suppliers; 

- market demand being good; and 

- good market access through quality distributors and Australian government 

support overseas. 

 

In terms of this survey, a strong institutional component is the organisational features of 

the industry partner and their involvement in the commercialisation process, good 

market demand and access, and being the recipient of public policy initiatives for R&D 

and export enhancement. 

 

Inventors who generated a technological innovation were also more likely to perceive 

that Australian government support through Austrade and their vision for industry was 

poor.  Successful inventors also thought that the personnel, industrial R&D and 

production facilities and link with universities for Australian industry was good. 

 

As this survey was conducted in Australia, it would not be able to detect institutional 

determinants of innovation that influenced all medical inventors or those that were not 

perceived by inventors.  Such Australian institutions include the general support for 

human rights, and other cultural factors of a high trust society including low levels of 

corruption (Fukuyama 1995).   
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In summary, medical inventors indicate a range of institutions that have influenced their 

behaviour ranging from education, culture, economics and politics.  However, there are 

a number of institutions that inventors would not perceive or that could not be assessed 

or tested because of the study’s design.  These would need to be investigated through 

studies specifically designed to investigate institutions, such as by including macro 

level variables concerning national policies or culture, and through research comparing 

different countries. 

 

5.8.4 Resources required for innovation 

 

In terms of resources required for innovation, the survey indicates that inventors 

encompass a high level of human capital given that over half have doctorates and over 

one third had significant business experience.  The need for and access to financial 

capital featured prominently.  There was some mention of having access to the internet 

and research facilities but otherwise physical capital was not mentioned frequently.  

Inventors often talked about the importance of their job related networks, their links 

with industry and that certain events during the commercialisation process created 

networking opportunities that assisted in furthering the invention’s development.  These 

responses arose spontaneously to open ended questions or during the interviews.  

However, they were not quantified.  In summary, the resources of human, financial, 

physical and social capital feature prominently in the survey of inventors. 

 

5.8.5 Models of innovation: science push versus demand pull  

 

The findings in this survey are very supportive of the coupling model of innovation with 

elements of both science push and market pull.  The science push aspects are supported 

by: 

- the high levels of human capital embodied in medical inventors; 

- 53% of patents originating from the public sector (Table 5.5) primarily 

universities; and 

- the fact that 95% of citations in these patents originate from public supported 

institutions (Narin et al. 2000: 16), primarily universities. 
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The market pull on innovation is embodied by: 

- 35% of patented technology arising “in response to client needs” (Table 10.23, 

Appendix 10.10); and 

- the fact that 26% of inventors are clinicians looking after patients, and hence, 

have a good appreciation of patient needs. 

 

Thus, demand factors play a role in its genesis but as discussed above they also 

represent a major influence on whether the patent becomes commercialised.  This 

includes the need for good “acceptance by customers or patients” and “demand from 

customers” in order to create innovations (Table 5.11). 

 

The demand factors also facilitate the commercialisation process (Tables 10.36 and 

10.41, Appendix 10.10).  The phrase that comes to mind is “the market is king” as the 

important facilitators are the large size of overseas market (62%), acceptance of the 

product by customers or patients (51%), demand by customers (39%) and access to 

markets (24%).   

 

This survey along with the literature review raises the question of what is “science 

push”?  As Kline and Rosenberg’s (1986) chain-linked model of innovation 

demonstrates, science plays a role throughout the process of generating technological 

innovations.  This science is primarily embodied in the knowledge carried around in the 

head of individuals.  As our survey demonstrates, medical inventors have been highly 

trained in science including medicine, engineering, chemistry and biochemistry.  Thus, 

just looking at the point of view of inventors, for example, within a company, who 

created a patented invention in response to some identified market demand, does not 

mean that this is purely demand pull.  The problem with innovation research that does 

not look at the level of human capital involved in such work, is that the science push 

aspect of innovation is missed (e.g. Shaw 1985; Biemans 1991; Shaw 1993). 

 

The main model of innovation for medical patents in Australia is a “technology push” 

from patented technology arising from publicly funded R&D and organisations which is 

commercialised through established companies.  Thus, most marketed products are 

commercialised through SMEs in Australia and large companies overseas.   
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What model of innovation best encompasses the issues discussed above?  The coupling 

model incorporating science push and demand pull appears suited for discussing some 

aspects of innovation.  However, the challenge is to include an institutional aspect in 

these models by incorporating government, culture and education.  

 

5.8.6 Ideas for growing the domestic medical industry 

 

What comes to light from the findings in this survey?  The absolute necessity to build 

an Australian medical industry in order for Australia to benefit from Australian invented 

technology.  In particular, there is the need to foster the creation of high technology 

start-up companies.  This will be further explored in Appendix 10.1.  The second issue 

is to improve the commercialisation process especially from the public sector through 

providing commercialisation experience to inventors, improving their links with 

industry in Australia and overseas, monitoring and enhancing management of 

technology transfer to industry and monitoring and enhancing the various forms of 

government funding for technology development.  A problem identified by inventors 

with Australian industry includes poor commercialisation or business experience of 

people in charge of commercialising the patent whether that person works for the 

industry partner (25%), some other company (15%) or is the inventor themselves 

(25%).   Thus, improving the commercialisation and business experience of not only 

inventors but also people in industry responsible for management of commercialisation 

is important, including venture capitalists and other financiers. 

 

What ideas for growing the domestic medical industry emerge from these findings?  

Three broad areas may help to grow the domestic medical industry. 

- First, by fostering the commercialisation of medical inventions within 

established companies and through technology transfer from government funded 

institutions either through the creation of start-up companies and by improving 

their links with established domestic companies.  Part of this includes 

developing the business and commercialisation skills of inventors and their 

commercialisation associates. 
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- Second and most importantly to establish a commercial environment in 

Australia that fosters and grows high technology start-ups.   

- Third, is the complex issue of growing Australia’s markets and associated 

distribution channels internationally.   

 

These three themes will be the hub of debate in Appendix 10.1 looking at the 

recommendations from this thesis specific to Australia. 
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5.8.7 Methodological issues: strengths and weaknesses 

 

We know what a person thinks not when he tells us what he thinks, but by his actions 

Isaac Bashevis Singer (1904-1991)40 

 

As Mays and Pope (1995b: 109) state “All research is selective – there is no way that 

the researcher can in any sense capture the literal truth of events”.  This section attempts 

to highlight features of the survey’s design and analysis that indicate how close or far 

from reality the generated results are.  

 

5.8.7.1 Methodological issues 

The methods of this survey showed that the majority of inventors could be identified 

and contacted.  This was to invite them to participate in the mail-out survey or the 

follow-up phone interview.  The main difficulty was finding their current addresses and 

telephone numbers.  The addresses of individual inventors on unassigned patents tended 

to be available on the patent but not for inventors on assigned patents.  Fortunately, with 

the advent of the internet many addresses could be found on searchable phone 

directories and organisational websites.  However, even after extensive searches an 

address was not found for one third (128/402) of inventors.   

 

Apart from the study by Firestone (1971) who was working with the Canadian patent 

office (which provided him with the mailing address of inventors), most researchers 

have to rely on the patent or use the assignee as a guide to finding the address of the 

inventor.   

 

5.8.7.2 Strengths 

This survey studies Australian invented patents in the single most important medical 

market in the world namely, the US market.  As outlined in the literature review 

                                                 
40 See http://www.quoteworld.org [4 December 2003] apparently from an interview in New York Times 

magazine 26/11/1978 
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(Section 2.8), these patents are economically the most important subset of Australian 

patents internationally.  By focusing on these patents, the efficiency of this survey and 

its associated analysis is increased as 50% of patents became technological innovations.  

This increased the power of the bivariate and multivariable analyses.   

 

One of the main strengths of the study is undertaking a national sample of inventors 

listed on patents in the US on both assigned and unassigned patents - a so-called whole 

of population sample of inventors.  This helped avoid the bias associated with 

investigating a specific subset of inventors such as those which are only listed on 

patents assigned to businesses or universities.  Certainly if a subgroup had been 

surveyed the research will have missed the fact that most Australian medical patents in 

the US arise from publicly funded organisations.   

 

Steps used in this survey for minimising bias observed in descriptive studies (Cumming 

1998: 439) include: 

- using valid and reliable tools for measuring study variables by incorporating 

wording or questions from previous well-constructed and piloted surveys 

including the OECD inspired innovation survey from the Australian Bureau of 

Statistics (Australian Bureau of Statistics 1994; McLennan 1995) and that of 

Professor David Blumenthal at Harvard University (Blumenthal et al. 1996a; 

Blumenthal et al. 1996b) and having the questionnaire reviewed and piloted at 

the Commercialising Health Innovations Forum (CHIF) conference in Sydney; 

- attempting to survey all medical inventors for the period of interest rather than 

selecting a subgroup of subjects; 

- attempting to achieve a high participation rate by keeping the survey small and 

through a second mail-out and follow-up phone survey - we attained 65% for 

inventors for whom an address was found (certainly higher than most previous 

surveys described in Table 2.5); and 

- collecting not just “some data” but all data from non-respondents to allow for a 

thorough assessment of a possible response bias which has not been done in 

previous surveys of similar design (see Section 2.9.1). 

 

This study was able to exclude a significant response bias through 2 comparisons.  First, 

by comparing the patents of inventors who were surveyed (mail-out and phone 
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respondents) with those not surveyed (non-respondents).  Their patents are remarkably 

similar in character (Appendix 10.12).   The only difference is that patents of surveyed 

inventors list fewer co-inventors (12% versus 19%) and assignees (18% versus 27%) 

from overseas.  So it would be fair to surmise that the survey involves fewer patents by 

Australian inventors that originated overseas.  Thus, the experience of Australian 

inventors working overseas is underrepresented in the survey.  As the main focus of this 

survey is on the Australian milieu for commercialisation, this bias should not have 

affected the survey’s findings. 

 

Second, a third of non-respondents were surveyed (phone-respondents) and compared 

to respondents to the mail-out questionnaire (mail-out respondents).  Put side by side, 

their patents were remarkably similar (Appendix 10.12).  When comparing their surveys 

most responses were the same with a small number of statistically significant 

differences, most of which are as a consequence of the different methods for collecting 

the data.  Most importantly the proportion of commercialised patents is almost the same 

for non-respondents (47%) and respondents (53%) with a non-significant p-value of 

0.569 tested using Pearson Chi-square.  This demonstrates that the study avoided 

preferentially surveying inventors who were successful in commercialising their 

technology.   

 

Another strength is the way the regression modelling was performed.  By developing 

the model in a random two-third of cases and then testing its accuracy in the remaining 

one third means an over fitted model was avoided which could have generated many 

interactions of doubtful value.  No previous survey of inventors named on patents has 

undertaken similar modelling to develop a tool for assessing a patent’s commercial 

potential.  

 

5.8.7.3 Weaknesses 

In summary, the main limitations are that only 44% of 402 inventors were surveyed.  

The main problem was finding the addresses of those inventors.  Despite this, 65% of 

inventors for whom a correct address could be found were surveyed.  Given that over 

half of the inventors in our survey have doctorates, they are a very busy demographic 

and probably difficult to survey at the best of times.  Despite this, there does not appear 



 

 

241

to have been a major response bias – so it would be fair to say that the inventors 

included in our survey were representative of the whole population of Australian 

medical inventors on US patents.   

 

Given all the contemporary discussion and focus on commercialisation of Australian 

intellectual property some of the data from US patents granted in 1984-1994 may have 

less current relevance.  However, I believe that surveyed inventors were often not only 

commenting on their experience but were also describing the current context of 

commercialisation in 1997-1999 – at the time of the survey.  Given the opportunity I 

would have attempted to interview all first-named Australian inventors for 1984-1999.  

It would have allowed an analysis of 2 patent cohorts, granted in the first half with those 

granted in the second half of the study, to see if change had occurred during the period 

of interest.   

 

Even though our study is the 7th largest survey performed (see Table 2.4), its main 

weakness is the relatively small number of respondents.  Reduced numbers means that 

the assessment for response bias may have missed significant differences between 

respondents and non-respondents.  It also means that possible differences between 

innovation and non-innovation patents were not detected.  Though equally it could be 

argued that any additional associations uncovered with a larger number of respondents 

is probably of a lesser importance.  The lower number of respondents also restricts the 

number of variables that can be incorporated in the multivariable analysis (Concato, 

Feinstein & Holford 1993).   

 

Bias is the term used to “describe differences between study findings and the truth” 

(Cumming 1998: 427).  Response bias has been discussed.  Other potential biases are 

examined in turn and include selection and recall bias.  There is also possible 

misclassification of patents into the outcome (dependent) variables used in the bivariate 

and multivariable analysis especially their grouping into innovation and non-innovation 

patents.  Finally there is feasible measurement error or bias through inaccurate 

measurement of study variables including determinants, outcomes or confounders 

which can lead to overestimation or underestimation of the true size of the relationship 

between determinant and outcome.  Some of these will be addressed separately below. 
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5.8.7.4 Selection bias 

Selection bias “occurs because of the way in which people are selected (either through 

their own choice or by the investigators) into various exposure groups in a study” 

(Cumming 1998: 428).   

 

The main possibility for selection bias is in the selection of medical patents which are 

the focus of the survey.  Medical patents were identified in Chapter 4 as part of the 

descriptive study of patents granted in the US in 1984-1999 to Australian resident 

inventors.  The US patents were initially selected on the basis of listing at least one 

inventor as being resident in Australia.  In the descriptive study all patents are divided 

into medical and non-medical patents.  Issues arising from this selection process are 

described in Section 4.5.3.1 and 4.5.3.2.  It is not easy to resolve whether biases in 

either step will alter the results of the current survey.  The patents in this survey do 

largely appear to be medical in nature.  This is supported by the fact that the title of the 

study on the questionnaire was “Confidential survey of medical inventors” and not one 

of the surveyed inventors, especially those contacted by phone, indicated that they did 

not identify as “medical inventors”.   

 

However, were any medical patents left out by being wrongly classified as being non-

medical?  If there is selection bias it probably is in the direction of having missed other 

medical patents.  Again it is not easy to ascertain whether this would have changed the 

outcome of the survey, especially as relatively little is known about the 

commercialisation of non-medical patents.   
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5.8.7.5 Recall bias 

Recall bias would arise if recall of determinants varies between subgroups of inventors 

who responded to the survey.  In particular, if recall differs between inventors who were 

successful in generating technological innovations compared to those who were 

unsuccessful.  In order to minimise recall bias, the inventors were not made aware of the 

specific study aims related to this analysis (National Science and Technology Council 

1995).  In the covering letter we stated that  

 

The aim of this survey is to generate ideas for improving the commercialisation 

of medical inventions arising in Australia.  Specifically we want to focus on how 

medical inventors could be better assisted in getting their inventions to 

market.(Appendix 10.8)   

 

Inventors who have a negative outcome, i.e. a failed commercialisation, may have 

searched their memories in a different manner to those who have been successful.  

Studies are most vulnerable to recall bias when non-specific questions are asked.  To 

minimise this, very specific questions were asked in the questionnaire with only 5 open-

ended questions out of the 44.  The open-ended questions have the greatest potential for 

recall bias.  From undertaking the survey and subsequent analysis it is uncertain 

whether this occurred and how it would influence study conclusions. 

 

There are probably four main factors that influence recall of inventors in our study 

(National Science and Technology Council 1995).  First, the feelings of inventors 

towards determinants which are shaped by: 

- personal experience – such as whether their technology generated a financial 

return for them, the amount of personal resources invested in commercialisation 

and whether they had business experience or worked for industry and better 

understood factors which may frustrate the course of commercialisation; 

- personal opinion and opinions of others such as family, peers and work 

colleagues; 

- recent publicity – such as the discussions in the media and the reports being 

written (Wills 1999) or published (The Information Industries Taskforce 1997) 

at the time of the survey; 
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- societal views – which in Australia includes the tall-poppy syndrome with a 

negative view of success, and the pessimistic attitude towards any previous 

business failures such as bankruptcies (Industry Task Force on Leadership and 

Management Skills 1995). 

 

Second, a greater time between the event and data collection will lead to reduced 

accuracy of recall.  In our case, the median time between the patent being granted and 

the survey taking place was 8 years.  Evidence of a possible recall bias is raised by the 

fact that inventors could not recall the number of co-inventors correctly in 21% 

(38/177) of cases.  Some inventors may have pictured another patent when answering 

survey questions.  Alternatively these inventors may have recalled co-workers who are 

not listed on the patent.  Does this matter?  As the survey is aiming to examine the 

environment for commercialisation in Australia, even if inventors recalled another 

patent – their experience is still valid for depicting the Australian scene.  To see 

whether there is a difference in the recall about co-inventors, this result could have been 

compared between successful and unsuccessful inventors.  Furthermore, during the 

phone interviews I noted that the answers of the more prolific inventors were influenced 

by their experience of commercialising other patents not just the patent selected for the 

survey.  Also some prolific inventors, were not always sure whether the responses 

related to the patent in question or another one.  If prolific inventors preferentially 

remember successful patents then this may lead to an overestimation of the proportion 

of patents, which were commercialised.  The proportion of prolific inventors is small 

with only 7% (12/177) of surveyed inventors having written 10 or more patents.  

Though unlikely, let’s assume that all these inventors would preferentially remember a 

commercialised instead of a non-commercialised patent.  In this scenario the maximum 

size of this bias would be 7% - this would mean that in this survey, instead of 50% 

being successfully commercialised, it would have been 43% of patents. 

 

Third the importance or intensity of the determinant to the inventor can affect recall.  

For example, issues relating to the industry partner are probably better understood by an 

inventor who is an employee compared to a university-based academic.   

 

Fourth, the method of data collection can influence recall.  For example, during a 

phone interview, the interviewer can prompt the person being surveyed to assist their 
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recall, which would not occur when an inventor is providing written answers in a 

questionnaire.  There is evidence that my prompts may have had the effect of 

misclassifying predictor variables such as the sources of ideas and information (Q14), 

the sources of finances for commercialisation (Q17) and the factors affecting the 

commercialisation process (Q35).  Would this result in a differential or non-differential 

misclassification of predictor variables between commercialised and non-

commercialised patents?  Given that there were equal proportions of each among 

respondents and surveyed non-respondents, this would result in a non-differential 

misclassification.  In summary, there probably is a degree of recall bias but it is likely to 

be equally distributed between innovation and non-innovation patents, and therefore, 

should not skew our findings or create a false association, but rather may dilute or 

obscure any association.  

 

5.8.7.6 Measurement error or bias 

Measurement error or bias through inaccurate measurement of study variables including 

determinants, outcomes and/or confounders can lead to overestimation or 

underestimation of the true size of the relationship between determinant and outcome 

(Cumming 1998).  Such errors may arise from differences in the interpretation of 

questions, categories and language used in the questionnaire by various respondents, 

which is difficult if not impossible to measure (AIDA 1981; Mays & Pope 1995b).  

Such misinterpretation was hopefully minimised through piloting the questionnaire.  

The impression I developed during the interviews of non-respondents was that most 

questions were understood by inventors.  Measurement error can be differential or non-

differential between subgroups of inventors.  Differential measurement error is of 

greatest concern where one group is favoured as it can lead to false associations 

between determinant and outcome.  The areas of greatest concern are the 

misclassification of technological innovation and of responses to open-ended questions. 

 

5.8.7.7 Misclassification of commercial outcome 

In this study a technological innovation or “successful commercialisation” was defined 

as any patent which led to a marketed product or service or a new or improved 

production process.  The misclassification of patents into the innovation and non-

innovation variety would have its major impact on the bivariate and multivariable 
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analysis, as the commercial outcome of a technological innovation was the dependent 

(outcome) variable.  The direction and effect of misclassifying commercial outcome is 

difficult to determine.  Any misclassification could have strengthened or weakened 

associations between predictor variables and commercial outcome.  The greater the 

degree of misclassification, the greater the likelihood of unusual or bizarre associations 

or findings.  Fortunately, most findings appear to make sense.  Furthermore, the review 

of 40% of surveys to correctly classify whether a patent led to a technological 

innovation or not (and whether an industry partner was involved or not), would have 

minimised such a misclassification.  Given that these figures are consistent with 

previous surveys (Table 2.6), suggests that we have fairly accurately identified which 

patents led to an innovation.   

 

This classification of patents into innovation and non-innovation has inherent 

limitations.  What are they?  A marketed product may send a company broke, for 

example, if the cost of development, production or any liabilities are not covered by 

sales of the product.  Our estimation of the value of technology through its sales in the 

previous financial year thus may not indicate the true value of the intellectual property.  

It possibly would have been preferential to estimate the profit firms derive from the 

technology.  Thus, a better analysis might have been conducted by classifying the 

outcome of commercialisation into non-innovation, unprofitable and profitable 

innovation. 
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The misclassification of commercial outcome could have been reduced by having: 

- the criteria for a technological innovation developed by 3 independent experts 

followed by a conference to discuss any differences and arrive at a consensus as 

to its definition; and 

- multiple investigators categorise each returned questionnaire independently and 

discussing any differences in order to arrive at a consensus. 

 

Such methods may have optimised the classification of patents.  Though ideal, these 

options were not feasible given our cost constraints.   

 

5.8.7.8 Misclassification of responses to open-ended questions 

The greatest difficulty with qualitative data is its translation into categories, which is 

subject to interpretation by the scientist.  Any such process of interpretation has two 

inherent biases including misunderstanding by the scientist of what the inventor means 

and misclassification of that data due to the scientist’s own biases.  This is especially 

the case for data which does not fit neatly into categories – where creative shoe horning 

may occur with a risk of misclassification.  This could lead to an over- or under-

estimation of the size of individual categories or the creation of ill-defined categories.  

In order to reduce the risk of distorting the inventors’ voice or opinion and to add a 

qualitative dimension to the survey, written and verbal quotes from inventors were to be 

provided in an appendix.  This would have allowed the reader to make up their own 

mind about the method of categorisation undertaken in this study.  However, in the end 

to conserve space it was decided not to go through with this.   

 

Again, categorisation of responses to open-ended questions by independent experts may 

have increased validity. 

 

5.8.7.9 Possible bias in the questionnaire 

In order to examine for possible bias, the survey ends with the question “have we 

missed anything” (Q43, Table 10.44, Appendix 10.10).  Half the inventors in the survey 

do not answer this question and close to a quarter stated that the survey had not missed 

anything.  Four percent considered there was a bias in the survey, of which 3% felt that 

the questionnaire assumed that one patent lead to one product rather than possibly 



 

 

248

just one part of a product.  Such patents do not necessarily require prototypes or clinical 

trials or market research as part of their development as the technology or the market is 

well understood by the industry partner.  How does this affect the results?  This 

assumption should not alter our findings from the bivariate or multivariable analysis, as 

long as the proportion of such patented technology is the same in the innovation and 

non-innovation groups.  However, if patents encompassing a new component of an 

existing product are, for argument’s sake, over represented in the innovation group, then 

the study may find that less market research or lower commercialisation costs are 

associated with a successful commercial outcome.   

 

Products often encompass a number of patents, thus 3% of inventors suggest the survey 

could have focused on patent portfolios rather than single patents.  Patent portfolios 

staking out an area of technology are probably more important than the narrower scope 

of individual patents.  Inventors in the study could have been asked whether the patent 

was part of a patent portfolio.   

 

Patent portfolios are usually associated with prolific inventors.  As seen in the 

description of Australian medical patents in the US in Chapter 4, most prolific inventors 

are working on a portfolio of related patents (Table 4.13).  However in that study and in 

this survey, the proportion of prolific inventors is small.  Inventors in this survey have 

written a median of 2 full patents (Table 10.13, Appendix 10.10).  Thus, the proportion 

of patents in this survey that are part of a patent portfolio is probably small and omitting 

to ask about them should not have a major impact on results.  Whether a patent is part of 

a portfolio or not, should not influence our ability to find out about the inventor’s 

background, the source of innovation, the funding and financing of commercialisation, 

the outcome of the patent, the industry partner, the duration and site of manufacture and 

other commercialisation issues.   

 

One inventor states that the questionnaire is biased to inventions occurring outside 

rather than inside companies.  This perception may well be true as my experience of 

commercialisation (see Chapter 6) is from the standpoint of an inventor in a university.  

The other possibility is that this view emerges from the language in the questionnaire.  

The difficulty in the wording of questions is to incorporate patents arising both inside 

and outside a company.  Thus, the term “industry partner”, used throughout the 
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questionnaire, was the compromise in describing the commercial entity which 

commercialised the patent.  The meaning of this phrase was indicated in the way it was 

first used in Question 18 “industrial company or industry partner”.  The term “industry 

partner” was successfully used by Blumenthal et al. (1996a; 1996b) in their survey 

examining the research relationship between academics in the life-sciences and 

industry.  As outlined in Section 5.2.3, their survey instrument provided ideas for the 

design of this study’s questionnaire.  To an inventor working in a company, “industry 

partner” is an odd or uncommon term, possibly engendering a sense of an assumption of 

the inventor being outside the company – they would probably expect phrases like 

“your company” or “your employer”.  This second perceived bias may have stopped 

inventors working for companies participating in the survey, resulting in a response 

bias.  However, the observation that there were equal proportions of company managers 

amongst mail-out respondents and phone respondents (Table 10.7, Appendix 10.10) 

tends to dispel the existence of such a bias.   

 

Another inventor felt that the survey was biased towards products and less focused on 

manufacturing processes.  This point has been discussed above, and certainly the survey 

does not specifically ask about whether the outcome was an improved production 

process.  In Question 13, 11% of inventors indicated that the patented technology led to 

“lower production costs” for their industry partner (Table 10.15, Appendix 10.10).  

Overall 3% of inventors specified that their patent involved an improved production 

process (Table 5.7).  This survey probably underestimated the number of patents 

involving production processes which may lie somewhere between 3% and 11% of 

patents.  This last bias may have reduced the participation of inventors with patents 

related to production processes or meant that issues affecting the commercialisation 

such technology could not be analysed separately.  Whether this would change the 

findings of this study is difficult to predict.   

 

What else was missed?  As outlined in Table 10.44 (Appendix 10.10), 4% of inventors 

feel the survey failed to focus on the emotional and financial cost or benefit to the 

inventor.  This issue would certainly generate a broader and more personal perspective 

on the commercialisation experience of inventors.  As will be discussed in Chapter 6, 

these factors are central to the motivation of an inventor in commercialising their 
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technology.  These personal issues may be important predictors of the success or failure 

of commercialisation and could be the focus of future surveys. 

 

5.8.7.10 How to improve the questionnaire 

This section looks at how to improve the questionnaire used in this survey for future 

research.  Even though the questionnaire was reviewed and piloted at the CHIF 

conference, ideally it should have been piloted on a random sample of medical 

inventors, such as through a mail-out to about 20 inventors.  

 

One of the issues for the survey is where did the original idea for the patent granted in 

the US come from.  Did the technology arise in Australia or did it arise overseas and 

happen to have an Australian inventor working on it?  Examining patent characteristics 

and responses to Question 14 indicates overwhelmingly that the source of invention is 

Australia.  Preferably the questionnaire should have included a question asking directly 

whether the patent had originated overseas or in Australia and where it had been 

developed.  Alternatively, the front page of the granted US patent could have been 

examined for the priority date which indicates the country of original submission. 

 

In this study the sales in the last financial year prior to the survey was used to indicate 

the economic value of a patent.  The survey should have asked, not just about sales in 

the previous financial year, but about peak sales and whether the patent was profitably 

commercialised.  Just because a product was manufactured, marketed and generated 

sales or used in a production process does not mean that a profit was made – which 

ultimately defines commercial success.  Without a profit a company cannot survive in 

the long term.  By asking about peak sales and profitability, these variables could be 

compared to explore the relationship between sales and profits.  The problem is that 

many commercialised patents may not have involved sales in the previous year as the 

product may already have finished its run in the market.  So this study may have 

underestimated the value of sales generated by the technological innovation.  At the 

time of designing the questionnaire, I followed the approach taken by the Australian 

Bureau of Statistics (1994) in their innovation survey.  The reason for asking about 

sales in the previous financial year is that they were thought to be remembered more 

clearly.  Even if a patent’s value is measured in terms of profits generated for the 
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company, the true economic value of any patent will in the end always be difficult to 

determine accurately (Section 2.8).  The questionnaire should not only examine whether 

a profit or loss had been made from the commercialisation by the industry partner but 

equally importantly by the inventor themselves.   

 

An inventor mentions that the study missed asking “what is the practical use of the 

invention?”  Question 13 asks “What was the competitive advantage of your 

invention?” but does not inquire about the specific application of the technology as this 

could in some cases identify the inventor or the company, such as would occur in the 

case of pacemaker technology.  Given the results of Chapter 4, I thought that such an 

examination would add little to the main focus of this survey while at the same time 

potentially discourage inventors from returning the questionnaire for reasons of 

confidentiality.  This is the reason given by  5 of the 9 non-responding inventors who 

declined an interview (Table 5.3).  

 

Our survey as mentioned does not focus on the emotional experience of the inventors 

and whether they had any financial or other cost or reward from the commercialisation 

experience.  After the last question I could have asked the inventors if they would like 

to comment on this specifically by rewording it to “If you wish to make further 

comments, especially about the emotional or financial aspects, please attach separate 

sheets”.  However, given the non-essential nature of the research to the respondents and 

if a significant number of responses is desired, there is a limit to the number and size of 

questions that can be asked, especially open-ended questions.  This is the reason our 

questionnaire was fitted onto one A3 page – folded in half so it became 2 double sided 

A4 pages.   

 

Question 38 asking about industry in Australia and whether “tax on start-up companies 

during the non-profit phase” was an issue – is poorly worded and should have raised 

whether “the capital gains tax on investments in start-up companies” was a subject of 

concern.  However, responses to this question did not appear to have an effect on 

outcomes, especially as it was not associated with technological innovation.   

 

To summarise and as discussed above, the survey could have included the following 

questions. 
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- Is your patent part of a group of 5 or more related patents (a patent portfolio) 

belonging to your industry partner? 

- Does your patent encompass a new or improved part of an existing product? 

- Did your patent lead to a new or an improved production process and what 

impact did this have on the sales and profits of your industry partner? 

- In which country did your invention originate? 

- In which country was your invention developed? 

- Has anyone in industry assessed the commercial potential of your patent? 

- Has the commercialisation process involved the creation of a start-up company? 

- During the commercialisation process did you or your industry partner go 

bankrupt? 

- For how many years has your invention generated sales? 

- What has been the peak value of yearly sales? 

- Did your invention generate a profit for your industry partner? 

- If yes, what was the size of this profit? 

- What has been the emotional and financial impact of developing your invention? 

 

5.8.7.11 Additional analysis on the determinants of innovation 

In the multivariable analysis, the response to open-ended questions looking at barriers 

and facilitators of commercialisation (Q.39 to 42) were not included.   Incorporating 

such responses may have been a fruitful exercise and led to a different final model for 

the innovation potential score for medical patents. 
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5.8.8 Conclusion 

 

This is the first study to my knowledge that has examined the determinants of 

innovation for patented technology in a rigorous manner and in a nationally 

representative sample of inventors.  This research is the first known survey of 

Australian medical inventors listed on US medical patents.   

 

The inventors in the survey appear to have substantial knowledge, not only of the 

research leading to the patent, but also its subsequent development and commercial 

outcome.  There appears to be little if any response bias to the mail-out survey other 

than a slight under representation of Australian invented patents originating from 

overseas and a slight over sampling of unassigned patents.   

 

The study demonstrates that US medical patents granted to Australian inventors in 

1984-1994 have an enormous commercial value with 50% becoming technological 

innovations and 13% generating annual sales of over AUD$1 million – a median 8 

years after the patents were granted.  It was encouraging to find that of the technological 

innovations, 43% are solely manufactured in Australia, 29% are solely manufactured 

overseas, 21% are manufactured both in Australia and overseas.  

 

The most surprising finding is the crucial role that the Australian government plays in 

all facets that lead to Australian medical patents granted in the US.  The Commonwealth 

government provides university training for Australian medical inventors, half of whom 

have doctorates.  It funded one quarter of the research that led to the patented 

inventions, and over half the organisations from which these inventions originate.  In 

contrast, industry was the source of just over one quarter of medical patents.   

 

The main focus of this study was on the determinants of innovation for patented 

inventions.  To avoid confounding, the focus of this analysis was on determinants found 

early in the commercialisation process.  The study design appears to be robust for 

examining these determinants in a cross-sectional manner by comparing patents 
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generating technological innovations with those that did not.  The multivariable analysis 

found a greater likelihood of a medical patent of becoming an innovation if: 

- the inventor was employed by industry at the time of invention; 

- the patent had been licensed; 

- the research leading to the patent was not funded by a public agency; 

- the inventor had invested their own finances in the commercialisation process; 

and 

- an industry partner was involved in the patent’s commercial development. 

 

This study also found that educational, political and economic institutions play an 

important role in generating these technological innovations.  Their role, however, 

requires further analysis, especially how they combine to form the institutional milieu 

that promotes the creation and diffusion of innovations.   
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6. CASE OF THE VENOUSAID STOCKING 

 

O! for a muse of fire, that would ascend the brightest heaven of invention. 

William Shakespeare, Henry V (1999: 4) 

 

6.1 INTRODUCTION 

 

This case study describes an Australian medical invention which was partially 

commercialised, and hence, did not become a technological innovation.  The invention 

was provisionally patented, clinically tested and further developed with Salzmann AG a 

Swiss multinational company.  It involves a device called the VenousAid Stocking that 

covered the lower leg and foot.  The Stocking was intended to treat the complications of 

chronic venous disease, such as leg swelling and chronic leg ulcers.   

 

After the aims and methods there is a brief summary of the case study, which is fully 

detailed in Appendix 10.14.  This summary begins with a timeline of and an 

introduction to the commercialisation process which provides a good overview of the 

case.  A discussion completes the case focusing on the main findings relevant to this 

thesis.  Future research and the recommendations arising from this case are incorporated 

in Chapter 7 and Appendix 10.1 respectively. 
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6.2 AIMS……. 

 

The purpose of this thesis is to explore the process of commercially exploiting 

Australian medical inventions and to identify their determinants of innovation.  The 

relevant aims of this case study are: 

- to describe the process of commercialising the VenousAid Stocking from a 

medical inventor’s perspective - through participant observation – and identify 

factors or determinants which assisted or inhibited the commercialisation 

process; 

- to compare the case with the survey of medical inventors in the previous 

chapter; and 

- to analyse this process from the viewpoint of systems of innovation. 

 

As the first of the three aims indicates, this case rather than testing hypotheses, is a 

hypotheses generating study.  Its purpose is to explore the commercialisation from the 

personal perspective of medical inventors but not from that of other players in the 

process such as industry-based managers of commercialisation.  We wanted to highlight 

aspects of commercialisation not exposed, or that could not be reached, by the survey of 

medical inventors.  This deeper perspective helps with refining the theoretical findings 

arising from this thesis.   

 

6.3 METHODS 

 

… in many ways it is honesty which separates the observational account from a novel 

Nicholas Mays and Catherine Pope (1995a: 184) 

 

This section discusses the case design and selection, sources of data and method of 

analysis.  It also examines the strengths and weaknesses of the methods used in this 

case. 
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6.3.1 Case design and selection 

 

This case study is primarily an illustrative case study as it strives to add realism and be 

an in-depth example to the survey of medical inventors (Morra & Friedlander 1999).  

However, it also contains features of an exploratory case as it generates hypotheses and 

an explanatory case study as it attempts to explain relationships between people and 

organisations (Davis 1998; Morra & Friedlander 1999). 

 

This case was selected by convenience sampling i.e. my supervisor Professor Stacey 

and I were working on commercialising an invention and employed it as the case study.  

A convenience sample is generally thought to be a poor method for selecting a case (US 

General Accounting Office 1990), however, we had a number of compelling priori 

reasons for such an approach.  These include that: 

- it was a case which provides the unique opportunity and perspective of our 

participant observation.  It was able to highlight the personal aspect of an 

inventor undertaking the commercialisation of their medical invention, and 

therefore, assist in the interpretation of the survey data. 

- it had the benefit of a prospective study with reduced risk of recall bias.  This is 

unlike the retrospective nature of the survey of medical inventors which was 

looking back on their commercialisation experience.  Thus, their recall may 

have been influenced by subsequent events in the commercialisation process 

resulting in recall bias. 

- this case was another way of exploring commercialisation issues of relevance to 

this thesis. 

- this was occurring in an Australian university which as a group are the second 

most common owners of medical patents granted in the US listing Australian 

inventors (see Table 4.8). 
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6.3.2 Sources of data 

 

The key data for this case came from field notes, which included: 

- a personal or field diary kept by me from 1994 to 1998 incorporating a 

chronology of events as well as my own “reactions to, feelings about, and 

opinions of” (Pope & Mays 1995: 43) the commercialisation process; 

- all correspondence including emails, faxes and postal letters; and 

- notes and observations of meetings, conversations and interviews. 

 

Notes or observations of meetings, phone conversations or other events, if not recorded 

at the time, were usually written down immediately afterwards - on a handful of 

occasions the following day.  This was done to prevent recall bias.   

 

Additional data used included: 

- two development plans for the VenousAid Stocking (a copy of the latest one is 

attached in Appendix 10.16); 

- notes and results of clinical testing including two reports outlining the results of 

testing the VenousAid Stocking on patients (a copy of the last report 

Development work to date is in Appendix 10.17); 

- scientific and commercial presentations and associated feedback; and 

- other relevant documents or information collected during the study such as the 

changes to our University’s intellectual property policy.41 

 

The people who were interviewed include: 

- Professor Bill Castleden, co-inventor and retired academic vascular surgeon 

from the University Department of Surgery at Fremantle Hospital who was 

interviewed by phone on 15 April 2002. 

- Dr Don Hicks, co-inventor, retired medical superintendent at Fremantle Hospital 

and general practitioner, who was interviewed by phone on 17 April 2002. 

- Mr Kim Heitman, University Lawyer and current Director of Legal Services at 

the University of Western Australia, who was interviewed on 22 April 2002. 

                                                 
41 In this chapter the term “University”, unless specified otherwise, refers to the University of Western 

Australia. 
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- Dr Felicity Flack, Executive Officer, Division of Clinical Sciences at the 

Telethon Institute for Child Health Research, who was interviewed on 24 April 

2002. 

- A member of the Performance Review Unit at Fremantle Hospital who wished 

to remain anonymous and was interviewed by phone on 8 April 2002. 

 

6.3.3 Analysis of data 

 

The field notes especially the field diary drafted during this study were detailed, highly 

descriptive accounts recorded chronologically.  They were descriptions and not 

explanations.  The purpose of this analysis was to “sift and decode the data to make 

sense of the situation, events and interactions observed” (Mays & Pope 1995a: 183).   

 

Thematic analysis was undertaken to search for “the common patterns … that are 

woven throughout an entire set of data” (Gifford 1998: 546).  Themes were highlighted 

and used to answer all questions in the survey of medical inventors.  Any identified 

themes missed by the questionnaire are also described.  Interim analysis (Pope, 

Ziebland & Mays 2000) of the case was undertaken on 3 occasions in preparation for 

scientific presentations at conferences.   

 

6.3.4 Ethical issues 

 

The main ethical issue with participant observation is that people encountered in the 

course of this case study were not asked in advance for their informed consent to be 

“observed”.  For this reason, the identity of a person has been kept secret except where 

observations are made about a person whose activities were public knowledge or they 

have given their consent for their identity to be revealed.  All people giving their 

consent did it after reading the segment in this case that refers to them.  

 

The details of this case study were kept confidential till February 2003, when the non-

disclosure agreements with Salzmann AG and Smith & Nephew Research Ltd had 

lapsed five years after they were signed in February 1997 and 1998 respectively.   
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6.4 THE CASE STUDY 

 

The description of the case study starts with a timeline and an introduction, which 

provide a convenient overview of the commercialisation process.   

 

6.4.1 Timeline of commercialisation process 

 

The timeline of the commercialisation process is described in Table 6.1.  This should be 

examined in conjunction with the next section introducing the case study. 
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Table  6.1: Timeline for commercialising the VenousAid Stocking 

Date Event 

 Origin of technology 
1990 Dr Don Hicks and Associate Professor Bill Castleden come up with the idea of pneumatic 

compression over lunch at Fremantle Hospital in Perth, Western Australia.  Dr Hicks 
examined air splints for fractured legs and attempted to find a local manufacturer and to test 
splints on patients. 

4-Aug-92 Provisional Australian patent (No. PL3936) lodged entitled “Therapeutic Shoe” 
19-May-93 Professor Stacey and I discuss my desire to do a PhD examining the commercialisation of 

medical research.  Professor Stacey brought up the concept of “the Shoe”, and during the 
ensuing discussion, the concept was refined down to a bladder with a cover. 

Nov-93 I was offered a 3 year Eva K A Nelson scholarship from the University of Western Australia 
for a PhD study. 

 Developing technology 
9-Jan-95 Meeting with Professor Stacey to start PhD – focusing on prototype development 

10 13-Jan-95 CTV Plastics Welding in Nollamara, Western Australia, make first bladder prototype. 
Jan. to June 

95 
Trial 1: developing a method of ambulatory venous evaluation and testing bladder prototype 
using Crinx bandages as the cover 

28-Jul-95 I enrol in a PhD at the University of Western Australia 
 Approaching and working with industry 

24-Feb-96 I present results of Trial 1 at the National Conference of the Australian Wound Management 
Association in Sydney.  Professor Stacey, Ms Yvonne Vandongen and I meet Mr Paul 
Grove, sales representative for the Swiss based Salzmann AG, at the Conference. 

12-Oct-96 Cover designed and made with elastic/inelastic panels and buckle/loop fasteners with Ms 
Kerry Marshall and Mrs Maureen Mattes (later found to be only patentable part of invention) 

24-Feb-97 Second provisional Australian patent (No. PO5262) lodged entitled “Therapeutic Ambulatory 
Compression Stocking” 

28-Feb-97 Meeting with Mr Daniel Künzli (managing director) from Salzmann AG and Mr Paul Grove 
(Trimed Australia Pty Ltd) at University Department of Surgery in Fremantle Hospital 

10-Apr-97 Board of Salzmann AG, meeting in St Gallen Switzerland, agree to go ahead with 
development.  Mr Edi Brack, a board member, is put in charge of prototype development. 

7-Aug-97 First industry prototypes of bladder arrive from Salzmann AG 
11-Aug-97 Start Trial 2: testing first bladder prototype from industry using compression bandages as 

cover 
27-Aug-97 Professor Stacey visits Salzmann AG in Switzerland 

Sept-97 Start Trial 3: testing second set of bladder prototypes from industry and seeing whether the 
foot portion needed to be enclosed 

22-Sept-97 Board of Salzmann AG decide to pull out of further development 
24-Sept-97 Professor Stacey informed of board decision upon meeting Mr Künzli in London 

3-Nov-97 Smith & Nephew Research Ltd approached through Mr George Drewery, Clinical Research 
Manager of R&D Technologies of the company 

7-Nov-97 Prototype of cover made from neoprene at a local surf shop with open foot portion 
18-Nov-97 Meeting between representatives of Smith & Nephew Research Ltd and Professor Stacey 

and Ms Vandongen in Heslington, York in the UK 
9-Feb-98 Email from Mr Bill Pigg at Smith & Nephew “we do not feel that we can take this 

development forward” 
25-Feb-98 Third provisional Australian patent (No. PP1995) lodged entitled “Therapeutic Ambulatory 

Compression Stocking” – see copy in Appendix 10.15 
25-Feb-99 Third provisional patent lapses 

2-Oct-01 Author commenced write up of case 
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6.4.2 Introducing the case 

 

This case study describes the commercialisation of a medical invention called the 

VenousAid Stocking.  This device was meant to cover the lower leg and foot.  It 

consisted of an inelastic cover and contained a pneumatic bladder.  Its purpose was to 

improve the function of leg veins by squeezing the calf of a person especially while 

they are walking.  The Stocking was intended to treat the complications of chronic 

venous disease such as leg swelling and chronic leg ulcers. 

 

The three original inventors Dr Hicks, Associate Professors Castleden and Stacey 

applied for a provisional Australian patent in August 1992 but let it lapse as they did not 

continue with its development.  The concept of the device was changed during a chance 

conversation between Professor Stacey and myself in 1993, when we laid the plans for 

this thesis (N.B. “we” in this chapter usually refers to Professor Stacey and I).  In 1995, 

we made and clinically tested a prototype of the VenousAid Stocking (Trial 1 in Table 

6.1) before approaching Salzmann AG in 1996, a Swiss company well known to 

Professor Stacey.  This resulted in a meeting with Mr Daniel Künzli, the company’s 

managing director, in February the following year, after which the company decided to 

go ahead with developing the Stocking.  Salzmann AG made the second prototype of 

the bladder and sent it to us for clinical testing.  However, during a meeting of the board 

of Salzmann AG in September 1997, the company decided to pull out of the 

development project due to a number of perceived difficulties in design and marketing.  

We then approached Smith & Nephew Research Ltd from the UK, who listened to our 

proposal in November 1997, but by February 1998 decided not to go ahead with 

developing the VenousAid Stocking as they were focusing on a related technology.  

Since then no substantive development has occurred.   

 

Right from the start, our aim was to license or sell the VenousAid Stocking to a 

company with the facilities and willingness to manufacture and market the technology.  

As university based researchers we did not have the facilities, nor did we wish to create 

a start-up company, to commercially develop the technology.  Thus, selling or licensing 

our technology to a company was a necessary, though not sufficient, condition for its 

commercialisation.  For it to become a medical innovation, the company would need to 

manufacture and market the invention. 
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In terms of commercialising the VenousAid Stocking we were selling 3 things to 

industry – the technology, and our ability to test such technology and our aptitude to 

promote it scientifically.  We were able to test the device by assessing its impact both 

on leg physiology and in healing venous leg ulcers.  This was through the Fremantle 

Leg Ulcer Clinic by having access to patients with chronic venous disease and the 

attendant skilled staff to undertake clinical trials.  Through the Clinic and our close 

relationship with Silver Chain (the main domiciliary nursing organisation in Perth), we 

were also in a good position to undertake market testing.  Scientific promotion of the 

device by us would have included scientific publications of our trials and their 

presentation at international medical conferences.  Promising scientific results would 

help with marketing the product.  Our difficulty was to tread the fine line between 

supporting a product and maintaining our scientific scepticism.  It was important for us 

to minimise investigator bias so that we did not lose credibility in the scientific world 

and undermine our academic careers.   

 

In the early phase of commercialisation, two crucial questions were being examined. 

- Is there a market for this product –is it better than the current leading products in 

treating patients with chronic venous insufficiency, namely, below knee elastic 

stockings and compression bandages?  In other words, is the VenousAid 

Stocking a significant improvement on these products in terms of improving 

venous function in the leg of patients while they are walking?  To answer this 

question necessitated undertaking clinical trials. 

- Is this technology able to be patented?  To be granted a patent technology needs 

to be novel, “nonobvious to a person skilled in the art” and “useful” (USPTO 

2003: 4). 

 

The main reason for embarking on clinical testing was because we felt that there were 

already two very dominant and competitive products in the market – below knee elastic 

stockings and compression bandages.  Because our product was bulkier than elastic 

stockings, we felt that if we were able to show that the VenousAid Stocking had a more 

beneficial effect on the physiology of the leg, i.e. that it was better at compressing legs 

and healing venous leg ulcers, then we would have a better chance of making in-roads 

into the established market.  However, before we could perform these studies we needed 
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to develop a method for assessing venous function while patients were walking on a 

treadmill as no such method had been properly developed (Nicolaides 2000).   

 

In order to understand the market and to undertake the clinical trials requires an 

understanding of chronic venous insufficiency, including its anatomy, pathology and 

epidemiology, which is outlined in Appendix 10.14.  It also details: 

- methods of measuring venous function; and 

- the 3 clinical trials which were conducted to demonstrate our method of 

ambulatory assessment of venous function and to test 3 different prototypes.   

 

6.4.3 The VenousAid Stocking 

 

This section looks at the design of the VenousAid Stocking.  A diagram of the 

VenousAid prototype taken from the provisional patent application PP1995 submitted 

on 25 February 1998 is seen in Figure 6.1 (see Appendix 10.15 for a complete copy of 

the patent application).42 

 

The final version of the VenousAid Stocking was envisaged: 

- to be skin toned; 

- with a cover similar to an elastic stocking but made of short-stretch material 

running from the ankle to below the knee.  The foot portion could either be left 

open or covered with a loose or more fitted elastic sock.  In our first prototype 

the cover was made of inelastic material with an elasticated panel (“16” in panel 

(b) in Figure 6.1). 

- with unobtrusive VELCRO fastening devices evenly spaced from ankle to 

below the knee, enabling the patient to apply the Stocking by themselves and 

adjust it to a predetermined level of compression by using a buckle/loop 

arrangement giving the patient added leverage in tensioning the Stocking.  There 

was an option to make the foot portion adjustable as well as is seen in panel “a” 

of Figure 6.1. 

                                                 
42 As the three figures are taken from the patent application, features of each drawing are numbered 

(these were difficult to delete, and hence, should be ignored unless otherwise indicated).   



 

 

265

- an internal pneumatic bladder was to be made of plastic held in place by a 

light weight sock or fitted inside the cover.  The bladder was probably going to 

be of a fixed volume of air.  However, an adjustable volume of air was 

considered with a hidden valve (“46” in panel (c) in Figure 6.1) to enable easy 

filling and emptying of air. 

- to have a set with 2 material covers and one internal bladder lasting for 6 

months at a cost of AUD$70. 

 

 
(a) (b) (c) 

 

Figure  6.1: Drawings of the lateral (a) and medial (b) aspects of the cover, and 

the bladder (c) of the VenousAid Stocking from the provisional patent application 

PP1995 submitted on 25 February 1998 

 

The weight of the VenousAid Stocking was to be somewhere between that of an elastic 

stocking and compression bandages.  The Stocking was to be available in a range of 

sizes, possibly similar to that seen for elastic stockings.  The design was very versatile: 

- the bladder could be used separately under bandages. 

- the cover could be used with or without the bladder.  For example, the combined 

VenousAid bladder and cover could be used at the commencement of treatment 

for a leg ulcer.  Once the oedema has settled or the ulcer has healed, the cover 

could be applied without the bladder. 
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The main application was to be in the treatment of chronic venous disease of the leg, 

otherwise known as chronic venous insufficiency (CVI). 

 

6.5 DISCUSSION 

 

The discussion focuses on the main findings of the case and examines them in the light 

of the survey of medical inventors, the literature review and the main questions of the 

thesis.  Possible future directions for case based research in examining 

commercialisation and the ideas flowing from this case are further analysed in Chapter 

7 along with those from the previous two chapters.  The objectives of this case study are 

primarily to describe the process of commercialising the VenousAid Stocking from a 

medical inventor’s perspective - primarily through participant observation – and 

through thematic analysis to identify factors which influenced the commercialisation 

process.   

 

6.5.1 Principal findings 

 

The principal findings include those concerned with the determinants of innovation, the 

most relevant model of innovation, the role of institutions, and the resources required 

during the development process. 

 

6.5.2 The case of the VenousAid Stocking and the determinants of innovation 

 

The hypothesised determinants of innovation that played a role in our case can be 

divided into those thought to have inhibited or assisted in the commercialisation 

process.  In our case, the main factors that inhibited commercialisation include: 

- design problems with the technology; 

- the uncertainty of whether the VenousAid Stocking was a significant advance on 

the current dominant products in the market, namely, below knee elastic 

stockings and compression bandages; and  

- uncertainty about its level of novelty, particularly to be granted a US patent.   
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These factors are endogenous to the technology rather than springing from the 

environment in which it was commercialised.  The fourth inhibitory factor we had listed 

was poor management of the commercialisation process by the university.  However, 

most of the issues related to the university, have been addressed through subsequent 

organisational changes.  As Johnston and colleagues (2000) show in their report, we 

were able to bypass the obstruction or the administrative inefficiency at the University, 

which did not really alter the outcome of the commercialisation process.  Certainly, we 

would have benefited from standardised proactive management of intellectual property 

emerging in a university – supportive of inventors in their attempt to transfer the 

technology to industry.  This is in keeping with the recent Australian reports, which 

recommend that university structures and processes support inventors transferring 

technology out of universities rather than taking the process over (Cripps et al. 1999; 

Johnston, Matthews & Dodgson 2000).  This is further sustained by the finding that by 

increasing the benefits to inventors from commercialising their inventions, the 

university regulations persuaded us to assign ownership of our intellectual property to 

the university.  The incentives built into the institutional environment appear to have a 

big influence on the commercialisation of public sector intellectual property.  

 

Our case confirms the importance of having specific support within the organisation for 

development and for the organisation to have a clear view of the role of the inventor and 

to make sure that appropriate incentives are in place to motivate the inventor to continue 

development and commercialisation of their invention.  Where our University was 

concerned, other than the inventors, there was no other person who would have gone on 

to develop the technology even in the light of recent changes in the administration of 

commercialisation.  This means that supporting the inventor and their interaction with 

industry is the key to successful transfer of university-invented technology to industry.  

Keeping the inventor central to technology transfer and keeping commercialisation arms 

as supports is more beneficial than taking over the management of the 

commercialisation process.  We concur with Johnston et al. (2000: vii) who advocate 

abolishing the monopoly of university commercial arm operations.   

 

A potential factor that may have scuttled our chance of patenting is the potential public 

disclosure of the intellectual property to patients, family and staff who were not 

covered by confidentiality agreements.  This highlights the importance of universities 
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and other public funded institutions having pro-active intellectual property management 

processes in place and ensuring that all staff have signed non-disclosure agreements and 

own well maintained and countersigned laboratory books.  This includes methods for 

early identification and protection of emerging intellectual property.  Moreover, there is 

a need for implementing good policies on confidentiality agreements.   

 

Similar to the survey of medical inventors, this case indicates a need in Australia for 

inventors in the public sector to be able to access obligation-free, reliable and 

independent advice about the commercialisation process, especially about protecting 

intellectual property and legal issues around its development and transfer to industry.   

 

Perth’s isolation raises the concern of the tyranny of distance which made meetings 

with Salzmann AG and Smith & Nephew Research Ltd difficult.  It delayed our initial 

meeting with Salzmann AG by 6 months, and thereby, delayed the resolution of the 

decision about the commercial viability of the VenousAid Stocking.  In addition, co-

location might have created invaluable opportunities to learn about their design, 

materials, and manufacturing processes.  It may have given us ideas about other 

approaches to addressing the problem of increasing compression of the leg while people 

were walking.  Being located in an innovation cluster might have sped up the whole 

process of creative destruction of our invention, and propelled us faster towards a 

technological solution.   

 

During the commercialisation process, all inventors involved in this project have made 

extensive use of local expertise and facilities.  Our project, which was an incremental 

rather than a radical improvement in technology, during the early development phases 

was very dependent on local assets.  These resources included those within the hospital 

(the Leg Ulcer Clinic and the vascular laboratory, the occupational therapy and 

emergency departments) and the University (legal services office, libraries, information 

technology, internet access).  Local resources external to the hospital that were used 

included shops for materials, plastics manufacturers, patent attorneys for medical 

expertise and in prosecuting the patents.  There is a question as to the quality of the 

local expertise that we used.  It was only after writing up this case that I became aware 

how much we had depended on local expertise.  If we had been located within an world 

leading innovation cluster related to textiles such as exists in Switzerland (Porter 1990: 
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317), for example, in St. Gallen down the road from Salzmann AG or been situated near 

Smith & Nephew Research Ltd. in Harrington, York, would the process have been 

different?  Would that have improved the likelihood of coming up with solutions to 

some of the technical issues?  During the initial development phase, such as the time of 

making prototypes, I accessed local resources, which were of a relatively low standard, 

whereas co-location with Salzmann AG or Smith & Nephew Research Ltd or other 

centres of excellence may have expedited the development or given new ideas as to how 

to approach the design of the VenousAid Stocking.  This raises the question: would we 

have benefited from being situated in an innovation cluster?  This we cannot answer 

without constructing appropriate comparative studies. 

 

Both Professor Stacey and I were unwilling to invest our own funds in the 

commercialisation process, as we were uncertain about the commercial prospects of the 

invention.  For example, along with the University, we were keen for the company who 

was to commercialise the invention, to pay the cost of international patenting.  This 

supports the finding of the survey of medical inventors, where one of the strong 

determinants of innovation was whether the inventor had invested their own finance in 

the commercialisation process.  

 

The main hypothesised determinants that assisted in the development of the VenousAid 

Stocking include: 

- the scientific reputation of Professor Stacey and his existing links with industry;  

- the quality of our development plans; and  

- our access to a leg ulcer clinic in a teaching hospital with attendant staff who 

had expertise at running high quality trials enabling us to test and refine 

prototypes.   

 

The quality of our development plans helped with our negotiations with industry by 

assisting us in maintaining a commercial focus.  In the survey of medical inventors, 

however, drafting a business plan was not a predictor for success in developing an 

innovation.  The reason for this may be that most patented technology originating 

outside companies, was sold or licensed to established companies, and only 3% led to a 

start-up company.  The intrinsic value of the technology may be more important in such 
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a transfer of technology, than the attendant business plan.  Rather business plans, so 

beloved of venture capitalists, are more relevant for start-up companies.   

 

The last point emphasises the benefits of being in a multidisciplinary team situated in 

a University Department in a public teaching hospital examining different facets of 

chronic venous disease.  Such benefits include: 

- economies of scale especially with regard to recruiting and testing patients for 

trials; 

- the availability highly trained nursing staff to assist with the studies; 

- access to quality equipment to undertake physiological assessments (e.g. D-PPG 

and APG); and 

- collegiality, for example, of Dr Yang, who was undertaking his PhD at the same 

time.  

 

The other point about all the inventors in this case, like in the survey of inventors, is 

that they were highly trained medical, legal and nursing professionals.  They embody a 

high level of human capital. 

 

An interesting issue concerns the acknowledgement of Ms Marshall and Mrs Mattes 

for their contribution to the intellectual property, which ended up being patented.  Are 

women, who are family members and assist male inventors in their endeavours, 

marginalised by not having their contribution recognised through being listed as 

inventors on patents?  Hence, does this help to contribute to the under-representation of 

women amongst lists of inventors derived from patent databases, such as described in 

Chapter 4?  Critical ethnography, as described by Savage (2000), specifically focuses 

on silent or marginalised people and may have been a method for exploring this issue 

in-depth.   

 

Our case also demonstrates the value of provisional patenting system, especially in 

negotiating with industry.  This is supported by Harabi (1995: 981), who found, in a 

survey of Swiss R&D executives, that patents “can contribute to enhancing the patent-

holders’ negotiating position towards third parties” including other firms and 

government agencies.  Most research on the function of the patenting system has 

focused on granted patents rather than on the role of provisional patenting.  This is 
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understandable as granted patents are published and have always been more accessible 

than provisional patents.  The main drawback is that a complete patent application with 

international coverage needs to be made within one year of lodging the provisional 

patent application.  As this is an expensive proposition, we wanted a commercial 

partner to fund the international patent protection of the technology.  However, as in our 

case, if an inventor is unable to secure the support of an industry partner, either the 

application is allowed to lapse with its inherent risks of prior public disclosure or the 

inventors or their institution needs to pay the cost of international coverage.  As we ran 

with the first option, we were relying on trust especially of co-workers and non-

disclosure agreements to protect the intellectual property.  Given the outcome of the 

commercialisation process, this was probably the most cost-effective approach.  The 

benefit of provisional patenting was the requirement to review the prior art.  This 

knowledge was valuable in discussions with industry representatives as we were in a 

position to identify the differences between our technology and that encompassed by 

existing patents. 

 

An interesting question was whether it was in the interest of Salzmann AG to keep the 

intellectual property as a “trade secret” or even a trademark, and thereby, reduce their 

financial liabilities in terms of future royalty payments?  However, given our review of 

the prior art and knowledge of the variability of the value of patents for different 

industries, patenting for the medical textile industry is not a big issue.   

A search on the US Patent and Trademark Office’s (USPTO 2000b) website found that 

Salzmann AG was not listed as an assignee on any US patent in 1976-2002.  Of course, 

it may also have been in Salzmann’s commercial interest to be paying a licence fee for a 

trade secret as against a patent.   

 

This case provides an interesting perspective on the tension between the goals of 

science compared to those of the commercial world.  The benefits for science 

include: 

- that in dealing with commercial imperatives creates new ideas in science, 

including having to devise a new method for ambulatory assessment of venous 

function; and 

- possible new therapy for improving the healing rates of patients with chronic 

venous leg ulcers. 



 

 

272

 

The imperatives of commercialisation can have a negative impact on the scientific 

endeavours by slowing the publication rate and delaying the comprehensive evaluation 

of the ambulatory assessment of venous function 

 

The benefits of commercialising university-invented technology include: 

- the question of original science questions; 

- deeper links with industry and a better appreciation of their concerns; and 

- increased knowledge and skills (human capital) in science, in the 

commercialisation process, and in dealing with industry. 

 

The desire of many reports on commercialisation is to encourage the creation of spin-

off companies as that is the method by which Australia may profit most from 

innovations generated in the public sector (e.g. Johnston, Matthews & Dodgson 2000: 

vii).  From this perspective, what are the structures that would help us start up our own 

company?  Although we have not fully investigated this issue, anecdotally the 

university provided little support or encouragement to us for creating a spin-off 

company.  The university did not foster an entrepreneurial culture in the university as it 

did not recommend: 

- short courses on entrepreneurship for staff and students (despite such a unit 

being available in the masters of business administration (MBA) program); 

- mentorship programs to link budding entrepreneurs with experienced ones; and 

- start-ups as an option for commercialising our invention. 

 

Thus, university culture at the time was, to paraphrase Henry Ford, “you may 

commercialise in any way you wish, as long as the technology is licensed”. 

 

6.5.3 Comparison of the case study with the survey medical inventors 

 

What is the main difference between the survey of medical inventors and the case 

study?  The main difference is that inventors in the survey were far down the 

commercialisation path having been granted a US patent.  For these inventors, the issue 

of patentability has already been clarified as they were selected on the basis of having 
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been granted a US patent.  This means that this case was able to explore issues early in 

the commercialisation process.  In particular, it was able to examine the subject of 

novelty, patentability and protection of intellectual property and its impact on 

commercialisation, which are less of a concern once a patent has been granted. 

 

The findings of the case under discussion differ from the survey in a number of ways.  

The factors that were missed or under emphasised in the survey include: 

- the importance of good returns to inventors in order to provide an adequate 

incentive to continue commercialising their inventions; 

- the intensity of the emotional journey that inventors undergo trying to 

commercialise their invented technology; 

- the importance of trust of both industry partner and any other organisation 

involved in the commercialisation process (in our case this was the university 

and its technology transfer organisation); 

- the benefit of direct one-line communication with the company; 

- the importance of standardised proactive management of emerging intellectual 

property;  

- the invaluable information that could be accessed via the internet for free 

including patent databases and templates for business plans (which were adapted 

for the development plan); and 

- the surprising and often informal sources of knowledge leading to invention, 

ideas, information or assistance. 

 

The survey of inventors did identify a number of personal factors that motivated 

inventors to pursue or continue with commercialising their patented technology.  We 

have tried to examine them to a greater depth in our case study.  We found that: 

- positive feelings with putting on prototype and feeling its effect; and 

- financial support e.g. scholarship for PhD. 

 

6.5.4 Findings in the context of the literature especially on systems of innovation 

 

Research into innovation has tended to focus on the macro perspective such as the 

national systems of innovation even down to the level of the firm but rarely from the 
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micro perspective of individual inventors and their contexts.  Our somewhat unique 

micro viewpoint supports the findings from other empirical research but equally reveals 

a few divergent findings.  This section will focus on the following areas of systems of 

innovation: 

- the importance of the organisational milieu which in our case means the 

university.  For example, having a timely response to requests for review of 

contracts and agreements and good bureaucratic processes in place to protect 

and manage intellectual property; 

- the concept of academic physician as “user as innovator”; 

- the importance of trust in facilitating the relationship between the university and 

industry (trust embedded in organisations and in the wider society); and 

- the benefit of undertaking a commercialisation project even one that does not 

end up with a commercialised product (increase in human capital). 

 

6.5.5 Academic physician as a source of innovation 

 

As academic physicians working in the nexus of a teaching hospital and a university 

department of surgery afforded a unique position in terms of innovation.  We were 

aware of the market demand (the needs of patients) and the products in the marketplace 

(the therapies available to patients – e.g. the competition) and an understanding of the 

trajectory of science and to a lesser extent technology (through scientific publications, 

conference presentations and interaction with industry including being contracted to 

conduct clinical trials on their behalf).  Unlike Shaw (1985; 1993) and Biemans (1991) 

who classified clinicians as innovators being demand led, our experience suggests a 

coupling model maybe more appropriate.   

 

Academic physicians are “users” as innovator as outlined by von Hippel (1988: 3), 

Shaw (1985; 1993), Biemans (1991) and Rickne (2002).  Academic physicians are 

users, among many other things, of: 

- scientific instruments or tests for investigation of patient’s illnesses and for 

undertaking research; 

- medical devices they use directly to treat patients, such surgical instruments and 

devices for implant; and 
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- treatments options, such as medications and therapeutic devices, through the 

advice they provide patients. 

 

The question is whether patients could also be defined as “users” of these products?  

Patients are required to give informed consent to any investigation or treatment and can 

decide not to follow a particular therapy or request another therapy based on their own 

information or experience.  In reality, however, their decision is usually made with 

much less information than is available to the prescribing physician, and the majority of 

patients (> 50%) comply with therapeutic recommendations made by physicians 

(Sackett, Haynes, Guyatt & Tugwell 1991).   

 

So both the patient and the physician can almost be defined as co-users.  However, in 

terms of “users as innovators” I submit that the physician is usually the true user in that 

they are in the majority of times the person to make the decision to “use” a product or 

innovation, and are usually in the possession of better quality and quantity of 

information regarding that decision.  In addition, when examining the background of 

medical inventors in the survey described in the previous chapter, only one or two were 

patients who created the patented technology – the vast majority (85%) were scientists, 

physicians or engineers (see Table 10.5, Appendix 10.10).  Thus, despite patients being 

users of innovations, they are rarely “users as innovators”.  Why is this so?  To an 

innovator in the medical setting, it appears that one needs: 

- knowledge not only of personal needs but also of the broader market (physicians 

by providing a service are meeting a market need); 

- knowledge of science and the scientific method; 

- access to finance, for example, research grants; and 

- to be working in an organisation that supports innovation such as a teaching 

hospital, and especially universities, which expect their physicians to be doing 

research. 

 

In other words, to be a user as innovator requires human capital, access to knowledge, 

access to finance, an institutional environment that support innovation.  In our case, it 

also meant access to a provisional patenting system and to industry, apart from being 

immersed in a high trust society (Fukuyama 1995). 
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This example extends the definition of user as employed by von Hippel.  Not only does 

the user benefit from using an innovation, they are also the person who makes the 

decision to use an innovation and possess the most information about the science and 

the market related to that decision.   

 

The innovating users, described by von Hippel, were university scientists who actively 

diffused their innovations through scientific publications, conference presentations and 

visits to the laboratories of other scientists.  He characterised users as innovators if they 

… (1988: 19): 

 

- perceived that an advance in instrumentation was required; 

- invented the instrument; 

- built a prototype; 

- proved the prototype’s value by applying it; and 

- diffused detailed information on both the value of the invention and on how the 

prototype device could be replicated. 

 

In our case, Professor Stacey and I completed the first four steps and were planning on 

undertaking the final steps as part of the marketing process for the VenousAid Stocking.  

In this sense, we fit von Hippel’s model of user as innovator. 

 

However, we do differ in terms of the benefit that we as academic physicians derive 

from creating or using an innovation?  As stated by von Hippel, the source of 

innovation is where the there is the greatest potential for deriving a benefit from that 

innovation.  Academic physicians derive a benefit in much the same way as the 

university scientists who were generating innovations related to scientific instruments in 

von Hippel’s study (von Hippel 1988).  The innovation allows them to undertake 

cutting edge research leading to peer recognition through scientific publications and 

conference presentations.  Despite only two presentations and two abstract publications 

(which do not count for much in science), we received a significant amount of peer 

recognition as our abstract was nominated as one of four finalists, out of a possible pool 

of over one hundred abstracts, for the “Investigator Award Woundcare” at the 

Australian Wound Management Association's National Conference in Sydney in 1996.  

Academic physicians can also derive other non-economic benefits by seeing their 
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patients receive a health benefit from their innovation.  However, unlike the innovators 

of scientific instruments, academic physicians can also derive an economic benefit from 

their innovations usually through selling or licensing their innovation as was 

demonstrated in the previous chapter.  The big difference is that academic physicians as 

innovators are able to patent their technology, which the university scientists in von 

Hippel’s study did not seem to be able to do.   

 

Von Hippel also argued that  “… potential innovators (1) not be able to shift functional 

roles easily and (2) benefit from their innovations by exploiting them themselves rather 

than by licensing them to others.” (von Hippel 1988: 5)  In this case we have described 

how as academic physicians, it would require a great effort to shift functional roles to 

become a manufacturer or supplier of innovation.  Creating a new company to become a 

manufacturer would have required us as inventors to change functional roles and to 

overcome many rather large obstacles and entailing considerable risk.  However, we 

would benefit from the VenousAid Stocking by using it for our patients but would have 

received a much greater benefit if it had been commercialised.  So the second point of 

von Hippel’s does not apply uniformly.   

 

Academic physicians are a variant of “user as innovator”, who do not necessarily 

exploit the innovation themselves (as we have not) and can obtain a benefit by licensing 

it to manufacturers.  It was the attendant possibility of receiving royalty payments that 

was the main driver for our interest in exploiting the VenousAid Stocking.  This means 

that von Hippel’s (1988: 5) second point above should read that potential innovators 

benefit from their innovations by exploiting them themselves or by licensing them to 

others.  

 

While developing the VenousAid Stocking, we also had to create a novel method of 

evaluating venous function in order to evaluate the physiological effect of our 

invention.  This entailed adapting established methods for such physiological 

evaluations to our own needs and then testing the method to ensure its reliability.  These 

results were presented at two conferences.  In this example, we were innovating users 

who: 

- perceived that an advance in testing instrumentation was required; 

- developed a new method; 
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- adapted current instruments to the new method (which is equivalent to building 

a prototype); 

- proved the value of the new method by applying it; and 

- diffused detailed information on both the value of the method and on how it can 

be replicated. 

 

The interesting point about this new process of evaluating venous function, was that it 

fitted the pattern of von Hippel’s users as innovators.  As it was a new technique, it was 

difficult to patent, license or sell as a “trade secret”.  Apart of its value in developing the 

Stocking, we benefited from its presentation at a conference and being selected as a 

finalist for an academic prize.  In this example, Professor Stacey and I were users as 

innovators, in that we decided what diagnostic tests and therapeutic interventions to 

“use” in our research (as against in our clinical practice).  Unlike for the VenousAid 

Stocking, which was patentable, there was little potential for leveraging an “economic 

rent” in the novel method of physiological testing.  

 

In summary, academic physicians in teaching hospitals as “users as innovators” are, 

unlike the innovators of scientific instruments, able to profit directly from an innovation 

if they are able to appropriate the intellectual property (for example, through patenting).  

They are able to profit from it through licensing, selling their technology or even 

developing a start-up company, and not only through publications and peer recognition.  

 

6.5.6 Sources of innovation: users 

 

In this case our findings support those of Rickne (2002: 169) who found that users, such 

as surgeons and physicians, in “prominent universities, medical schools, and hospitals” 

were important sources of “technological ideas” for 61% of biomaterials firms.  In 

addition, interaction with users was important for “technological ideas, and for directing 

the search process but above all for clinical trials” (Rickne 2002: 169).   

 

Our study showed, like Shaw (1985) and Biemans (1991) that users as innovators 

interact with manufacturers at a much earlier stage than outlined by von Hippel (1988: 

19).  We invented the device, built a prototype and did some initial testing before 
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approaching industry.  However, according to von Hippel (1988: 19), scientist users as 

innovators would not interact with industry until having proved the prototype’s value 

and “diffused detailed information on both the value of the invention and on how the 

prototype device could be replicated”.  Unlike Shaw (1985) and Biemans (1991), our 

case demonstrates that academic physicians encompass a coupling model of innovation, 

with scientific knowledge (science push) and knowledge of patient needs (demand pull) 

playing a role during the innovation process.  If the VenousAid stocking was just a 

demand-led innovation, we would not have developed a new method for investigating 

the venous system nor necessarily even come with the innovation in the first place.  In 

the first instance of the VenousAid stocking, our incentives for innovation were 

financial as well as scientific (with an interest in generating publications and scientific 

presentations).  The design of our new test for the venous system was both to answer a 

scientific question but also to generate scientific results useful for marketing the device.   

 

6.5.7 Model of innovation: Kline & Rosenberg model 

 

The case study of the VenousAid stocking appears to support the Kline and Rosenberg 

(1986) chain-lined model of innovation.  The innovation arose out of a combination of 

seeing the potential market through our treatment of patients in the Leg Ulcer Clinic and 

the accumulated knowledge of science related to venous disease embedded in Professor 

Stacey and to a lesser extent in myself.  As they state in the article  

 

… most innovation is done with the available knowledge already in the heads of 

the people in the organization doing the work, and, to a lesser extent, with other 

information readily accessible to them.  It is only when those sources of 

information fall short of solving the problem that there is a need for research in 

order to complete a given innovation.(Kline & Rosenberg 1986: 288) 
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Source:  (Kline & Rosenberg 1986: 289) 
N.B. arrow 1 in the original document runs in the opposite direction (from the central 
innovation process to the knowledge sphere) 
Symbols on arrows: 
C = central-chain of innovation; f = feedback loops; F = particularly important feedback;  
K-R = links through knowledge to research and return paths.  Of problem solved at node 

K, link 3 to R not activated.  Return from research (link 4) is problematic – therefore 
dashed line; 

D    = direct link to and from research from problems in invention and design; 
I      = support of scientific research by instruments, machines, tools, and procedures of 

technology; 
S     = support of research in sciences underlying product area to gain information directly 

and by monitoring outside work.  The information obtained may apply anywhere 
along the chain 

 

Figure  6.2: Kline and Rosenberg’s ‘chain-linked’ model of innovation 

 

This represents arrows “1” and “2” in Figure 6.2.  The issue of needing to undertake 

further research by developing a new method of assessing venous function while 

patients were walking represents arrow “3”.  Once this method had been validated 

(generated new knowledge), we used it to test prototypes (arrow “4”).  In addition, in 

order to undertake the ambulatory venous assessments, this coincided with the 

availability of the new lightweight digital photoplethysmograph (D-PPG) from the 

German-based Elcat Medical Systems GMBH (arrow “I”).  My interaction with Mr Edi 

Brack from Salzmann AG, who was in charge of making prototypes and the 
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development process for the company, was to clarify the purpose of the invention, in 

particular the conceptual framework for its functioning (arrow “D”).43 

 

Our case study strongly supports Kline and Rosenberg’s (1986: 291) assertion that 

knowledge (known science) and research (unknown science) run in parallel to the 

central innovation process rather than being at the beginning of the innovation process 

(as in the first generation linear models of innovation, see Section 2.7 of the literature 

review and Appendix 10.3).   

 

Kline and Rosenberg (1986: 291) conclude by saying that “the use of the accumulated 

knowledge called modern science is essential to modern innovation”.  However, as has 

been highlighted, the accumulated knowledge is much more than modern science and 

includes knowledge of demand, institutions and knowledge embodied in organisations 

especially in their routines.  The role of human capital is implicit in the discussion about 

the model as this quote illustrates “most innovation is done with the available 

knowledge already in the heads of the people in the organization doing the work” (Kline 

& Rosenberg 1986: 288).  However, human capital was not made explicit in their chain-

linked model.   

 

In addition, Kline and Rosenberg (1986) were thinking about the institutional aspect of 

innovation but this was omitted from their model (Section 2.7.2 and Appendix 10.3).  In 

our case we found that a number of institutional environments including politics, 

education, and culture influenced the commercialisation process.   

 

6.5.8 Institutions affecting the behaviour of individual inventors 

 

The challenge was to go back and attempt to identify the institutions that affected 

innovation my own experience in commercialising the VenousAid Stocking.   

 

                                                 
43 For example, I had to explain to Mr Brack that the whole calf needs to be covered by any compression 

device, as any device that only covers part of the calf would run the risk of strangling the calf, and thus, 

run the risk of complications for the patient. 
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North (1990: 3-4) indicates that institutions shape the behaviour of individuals.  As he 

states institutions  

 

are a guide to human interaction, so that when we wish to greet friends on the 

street, drive an automobile, buy oranges, borrow money, form a business, bury 

our dead, or whatever, we know (or can learn easily) how to perform these tasks.   

 

As an inventor, I can talk about my perceptions of what “norms, rules or laws” or 

institutions that influenced my behaviour towards others.  The most dominant in my 

mind were those of my profession and professional training (medical education, 

evidence based practice, ethical conduct including the Hippocratic Oath44) and the 

organisations that I worked in (teaching hospitals, community based general practices, 

university) or professional organisation I had to regularly deal with.  The latter include 

professional medical associations such as the Australian Medical Association (AMA) 

and medical colleges such as the Royal Australian College of General Practitioners 

(RACGP) and the Royal Australasian College of Surgeons (RACS).  Over my lifetime, 

my family background (Swiss, Australian, catholic upbringing) had an enormous impact 

on how I behave.  My parents instilled, for example, a strong sense of social justice, 

“love thy neighbour as thyself”, and that a good education was vital in life.  Whereas, to 

give an extreme example, if I had been sexually abused by a psychopathic father, my 

understanding of societal norms would be completely different, and hence, my 

behaviour towards other people would be completely different (e.g. Becker 1993).  

Australian and Swiss cultural norms were instilled in me through school, university, 

sports and recreational clubs and other interactions with the broader community.  In 

Australia, these norms would include a sense of egalitarianism “a fair go for all”, of 

being laid back or relaxed “she’ll be right mate”, an acceptance of multiculturalism, a 

cringe of intellectual culture (tall-poppy syndrome) (Industry Task Force on Leadership 

and Management Skills 1995) to name a few.  Of course there are also the state and 

national institutions, including laws, and their various methods of enforcement by 

police and medical boards, for example.  In addition, a familial “norm” in my extended 

family was one of helping one another in times of need.  Thus, the institution of my 

family through my wife, Ms Marshall, and my mother, Mrs Mattes, was involved in the 

                                                 
44 Hippocratic Oath e.g. http://www.pbs.org/wgbh/nova/doctors/oath_modern.html [9 May 2003]. 
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innovation process and made a contribution that in the end was the only patentable 

aspect of the VenousAid Stocking.  Thus, the institution of the family not only 

influenced me as a child but also continues to as an adult and as an innovator. 

 

The institutional matrix, that I believe has influenced my behaviour as a medical 

inventor, has very much a sociological flavour and includes the institution of the family, 

religion, education, economics and politics (Defleur, D'Antonio & Defleur 1984).  This 

demonstrates how the institutional framework that influences an individual’s behaviour 

is as unique as the individual.  Which of these has directly influenced me in the process 

of invention and attempted innovation?  The most important institutions are those 

defined and policed by my workplaces, a teaching hospital and the university.  

However, these are not the institutions that led me to become an inventor – guided my 

behaviour prior to graduating from high school and medical school.  In a longitudinal 

sense what would have been the most important institutions?  Certainly my family 

background I would venture is central.   

 

What is the most useful method for identifying the institutions that shape or influence 

my behaviour towards other people?  To my mind it is by examining my curriculum 

vitae.  It states where I was born, possible religious affiliations, my hobbies and 

interests, my educational background, my professional experience, the organisations I 

have worked for or been a member of (including committee work).  All these 

institutional factors would also identify which geographic regions I have lived and 

worked in (creating an understanding of the regional and national institutions that may 

have had an influence on me including in Australia and Switzerland).   

 

In terms of changing my behaviour, which of these institutions would have the 

greatest influence?  The institutional “structure that guides the way in which we operate 

is made up of formal rules, informal norms and their enforcement characteristics” 

(North 1999: 19).  The formal constraints as North (1994: 360) defined them, include 

“rules, laws, constitutions”.  These constraints can be determined at the level of an 

organisation or region or state.  Informal constraints include “norms of behavior, 

conventions, self-imposed codes of conduct” (North 1994: 360).  As North (1999: 19) 

states a few years later  
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All we can change quickly are the formal rules.  We cannot change the informal 

constraints, at least not in the short run; and even our ability to control 

enforcement is very limited. 

 

Any change in the organisations I worked for, such as through providing incentives 

along the lines of job or promotional opportunities, research funding, leave with pay, 

would all make me think about changing my behaviour towards others.   

 

The change in the intellectual property regulations at the University (giving increased 

royalty returns to inventors) influenced us in handing over ownership of our intellectual 

property to the University and stopped our endeavours to keep its ownership outside the 

organisation.  In addition, legislative change, for example, making a specific behaviour 

a criminal offence, would make me alter my behaviour. 

 

From an empirical perspective the major challenge is to pinpoint which institutional 

factor or factors combined to influence a specific behaviour.  Was it familial, 

educational, economic or political institutions that shaped that particular behaviour or a 

combination of all four? At times it would be nigh on impossible to identify which 

institutions influenced a specific behaviour.  For example, legislation, religion and other 

cultural institutions enforce the same constraint such as “thou shalt not kill”.  As a child, 

knowledge of formal and informal institutions were transmitted through my family – I 

was not able to distinguish that “thou shalt not kill” was both a cultural (including 

religious) and a legislative constraint.  Thus, the same constraint is transmitted through 

multiple institutions through informal and formal means.  It is an institutional mesh that 

guides behaviour.   

 

Certainly the institutional source for formal constraints are probably the easiest to 

recognise and the informal ones the most difficult.   

 

In summary, from the perspective of an individual inventor attempting to assess the 

impact of institutions on my behaviour: 

- the institutions, which influenced my life, appear to follow those outlined by 

sociologists and include the institutions of the family, religion, education, 

economics and politics; 
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- formal constraints appear to be easier to identify than informal ones; 

- some behaviours are enforced by an institutional mesh rather than a single 

institution; 

- knowledge about institutions is passed on simultaneously with other knowledge, 

thus learning embodies acquiring knowledge of institutions and other factors; 

- it seems much more difficult to identify the source of behaviour related to 

informal institutions, which may originate and be reinforced by any number of 

institutions, such as the family, school, religion and other culture transmitting 

institutions; and 

- my curriculum vitae appears to be the best source of information to identify my 

institutional exposures.   

 

6.5.9 The resources required during the development of the VenousAid Stocking 

 

As the case highlights there were four resources that seemed to be vital in the 

commercialisation process.  These include high levels of human capital, adequate 

funding and the physical infrastructure largely offered by the University and the 

teaching hospital, and the social connectedness of the inventors both locally and 

internationally, particularly with industry.  In our case, important resources seemed to 

be human, financial, physical and social capital. 
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6.5.10 Methodological issues 

 

… quality in qualitative research is a mystery to many … researchers 

Robert Dingwall et al. (1998: 169) 

 

This section looks at both the strengths and weaknesses of the methods used in this case 

study and ways to improve our design.   

 

6.5.10.1 Methodological strengths 

The aim of every study is to maximise its internal and external validity, which will be 

discussed in turn.  To examine the case’s internal validity, the rigour of study design 

needs to be scrutinised to determine the reliability of its findings.  Methods which 

predominantly enhance the internal validity of this study are those principally reducing 

observer bias and increasing the rigour of analysis.  They include: 

- clear exposition of our methods of data collection and analysis (Green & Britten 

1998; Mays & Pope 2000); 

- prospective data collection to minimise recall bias; 

- using multiple sources of data; 

- increasing the validity of findings through respondent validation (Barbour 2001) 

by Professor Stacey my supervisor and co-inventor, who examined the accuracy 

of the case from his perspective, and an independent review by Dr Marinova, my 

external supervisor, who had not been involved in the commercialisation 

process;  

- acknowledging the limitation of generalisability of our findings while making 

clear areas of transferability by tying it in with the larger picture generated by 

the survey of medical inventors (Gifford 1998); and 

- attempting to maximise reflexivity (Mays & Pope 2000). 

 

The main strength of this case study in terms of generalisability is that it was 

undertaken as a complementary study to the population-based survey of medical 

inventors – so it fits into a larger picture indicative of the experience of a representative 

sample of Australia medical inventors.  By making comparisons with the survey of 

medical inventors the intention was to further assist readers in assessing the study’s 
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generalisability.  As will become clear later in this chapter, the findings in our case are 

corroborated by those of the survey and the literature, which suggests that these findings 

are broadly relevant or generalisable to the population of medical inventors.  Exploring 

the subjective nature of commercialisation in this case contrasts with the objective 

stance aspired to in the survey of medical inventors.  This case was able to highlight 

aspects of the journey of attempting to take an invention to market that the survey 

missed or under-emphasised including:  

- the emotional intensity of the journey; 

- the lengths inventors go to in order to protect their intellectual property; 

- the role of the institutional environment on becoming an inventor and on the 

commercialisation process; and 

- affording a view of early commercialisation before patent applications are 

submitted, underlining the importance of effective procedures for protecting 

intellectual property and the vital role provisional patenting plays in transferring 

technology from the public sector to industry. 

 

The case’s generalisability is also enhanced by the reflexivity of our account and clear 

exposition of our data enabling the reader to judge whether or not the findings apply in 

similar settings (Mays & Pope 2000). 

 

6.5.10.2 Methodological weaknesses 

 

A clinical investigator is … a bundle of biases 

held loosely together by a sense of method 

Richard Horton paraphrasing Whitney Balliett (2000: 959) 

 

Initially methodological issues affecting internal validity will be discussed, before 

looking at the case’s generalisability.  The main methodological weaknesses disturbing 

internal validity of this study, especially as a stand-alone case study, include: 

- that it is subject to observer bias as it largely depends on the observation of a 

single inventor rather than the perspective all other participants in the 

commercialisation project.  Though hopefully this bias has been reduced by 

respondent validation and independent review by my supervisors; 
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- possible Hawthorne effect with research participants changing their behaviour 

in response to being observed (Pope & Mays 1995); 

- investigator bias particularly in reporting the context of this study, namely our 

University.  The reason being that the University is currently our employer and 

the institution through which this thesis will be examined; and 

- misclassification of themes as the coding was performed by a single rather than 

multiple investigators. 

 

The main methodological weakness affecting generalisability or external validity is 

that it is a case of one invention from the perspective of inventors based in one 

university in Australia.  However, our case could not hope to adequately represent the 

commercialisation phenomenon in Australia as there is such diversity of technologies, 

inventors, contexts in which commercialisation occurs.  That was not our stated aim.  

The benefit of the case is to help readers feel, hear, see, “be there” in order to explain a 

situation otherwise inaccessible to the survey and most readers (US General Accounting 

Office 1990).  External validity would have been enhanced by other cases being 

selected to describe the process of commercialising inventions in other sites such as 

industry, government and in the community.   

 

6.5.10.3 Ways to improve the design of this case study 

There are a number of strategies that could have been employed to improve the rigour 

of our case study (Keen & Packwood 1995; Mays & Pope 2000; Pope, Ziebland & 

Mays 2000; Barbour 2001).  These include: 

- a pilot study prior to starting the case to evaluate study protocols including the 

format for narrative reporting and field notes, preferably evaluated by an 

independent researcher. 

- multiple coding of the themes by independent and skilled qualitative 

researchers reading through all the original data and highlighting areas of 

differing coding strategies or interpretation of data. 

- triangulation of findings through additional data including interviews of 

university and industry people involved with this case – possibly by an 

independent interviewer to reduce observer bias. 
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- a more comprehensive respondent validation by including university and 

industry people reading and giving feeding back on the case write-up.  We could 

have sought additional feedback from other inventors at our university who were 

commercialising their technology at the same time. 

- the use of grounded theory whereby “all explanations or theories are derived 

from the dataset itself rather than from a researcher’s prior theoretical 

viewpoint” (Barbour 2001: 1116), such as the system of innovation framework 

in our case.   

- purposive or even probability sampling techniques (Pope, Ziebland & Mays 

2000; Barbour 2001) to identify additional cases which will be discussed under 

further research in Section 7.6.3. 

 

To broaden the perspective of the case through triangulation, may have been undertaken 

by conducting in-depth interviews with other people involved in our case who have a 

legitimate, but different, interpretation of events.  These include: 

- people at our university involved with technology transfer; 

- people who are normally silent or marginalised (as used in critical ethnography 

(Savage 2000)) which in our case could have included the staff in the Leg Ulcer 

Clinic and Ms Marshall and Mrs Mattes involved in developing the Stocking; 

- members of the technology transfer company Technology Innovation 

Management Pty Ltd (TIM);  

- members of the board at Salzmann AG; and  

- R&D managers from Smith & Nephew Research Ltd. 

 

An independent investigator not involved with the commercialisation project would 

ideally have done these interviews.  Examining the differing perspectives of inventors, 

their managers, and industry players would have given a “thicker” description and more 

reliable interpretation of events (Gifford 1998: 543).  This would have deepened the 

understanding of what influenced the ultimate course of the commercialisation process 

and how it could be improved.  Techniques such as multiple coding and triangulation 

would have conferred a greater degree of rigour to our case and enhanced its internal 

validity.  However, the aim of this case was to give the perspective of medical inventors 

to highlight the subjective aspect of commercialising medical technology and not as an 

objective stand-alone case study.   
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6.5.11 Conclusion 

 

... any wisdom to which I might ever aspire could consist only in realizing  

more fully the infinity of my ignorance.  

Karl Popper (1976: 7) 

 

Although there are a number of additional strategies that could have been employed to 

ensure rigour (Keen & Packwood 1995; Mays & Pope 2000; Pope, Ziebland & Mays 

2000; Barbour 2001), this case still affords the unique perspective of participant 

observation to flesh out the picture of commercialisation in Australia developed by the 

description of medical patents and the survey of the listed inventors enabling us to 

refine the recommendations arising from this thesis.  It also shows the benefit of 

undertaking case based research in conjunction with population-based surveys. 

 

Our case wonderfully illustrates the benefit of co-locating university clinical 

departments within teaching hospitals for generating innovation and providing an 

environment where such innovation can be developed and tested scientifically.  The 

crucial factor in terms of generating income for Australia is managing the bridge from 

the hospital-university locus to harness the intellectual property arsing out of such an 

environment.   

 

Our case study found that Kline and Rosenberg chain-linked model of innovation a very 

accurate representation of our experience.  In addition, we demonstrated the complexity 

of the institutional environment which were embodied in the “traditional” institutions 

from sociology, including the family, religion, education, politics and economics. 
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7. DISCUSSION 

 

There are very few human beings who receive the truth, complete and staggering, by 

instant illumination.  Most of them acquire it fragment by fragment, on a small scale, by 

successive developments, cellularly, like a laborious mosaic. 

Anais Nin;1903-1977 (Brady 1974) 

 

7.1 INTRODUCTION 

 

The purpose of this chapter is to chart the major issues confronting research into 

innovation systems raised by the findings of the thesis.  It proposes a series of solutions, 

especially from an empirical perspective to guide future research.  This thesis asserts 

that the ultimate goal for systems of innovation is to become a theory for economic 

change.  However, it is a long way from being such a theory, and the recommendations 

to follow are but a small step in that direction.  

 

This chapter involves appreciative theorising on the systems of innovation, by sailing 

close to the empirical wind of the findings of this thesis.  The approach employed in this 

discussion is more inductive rather than hypothetico-deductive.   

 

Thus, the focus is on methods for examining systems of innovation including:  

- the use of patent information to determine causality; 

- the role of institutions and developing a taxonomy for their empirical evaluation; 

- the proposition that technological innovations and their impact on economic 

growth are the principal outcome measure for systems of innovation; 

- the suggestion that the determinants of innovation lie in how systems of 

innovation create, diffuse and use knowledge, and hence, provide some 

preliminary methods for measuring these determinants; and 

- an investigation of how inputs into systems of innovation might be assessed in a 

holistic manner, given that technological innovations and their economic 

impacts are the outcome measures. 
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Thus, the determinants of innovation include the inputs into innovation systems, their 

institutional environment and how institutions create, diffuse and use knowledge. 

 

All these deliberations are brought together to create a proposed new model for systems 

of innovation, called “the necklace model” with institutions as its metaphorical “clasp”.  

This model also leads to a new definition for systems of innovation. 

 

Specific ideas for the further research arising from this thesis are then considered.   

 

A summary of the recommendations to improve the commercialisation of Australian 

medical inventions has been included, with the full version available in Appendix 10.1.   

 

7.2 CONTEXTUALISING THE LITERATURE REVIEW, RESEARCH 

QUESTIONS AND METHODS 

 

The literature review has demonstrated the importance of innovation and the growing 

economic significance of high technology industries, particularly those related to 

medicine such as the pharmaceutical, biotechnology and medical devices industries.  

Innovation is increasingly recognised as crucial for long-term economic growth.  

Systems of innovation were seen as the best framework to investigate innovations.  

 

The systems of innovation approach was first described in 1997 (Edquist 1997a), 

arising predominantly from the literature on national innovation systems.  The systems 

of innovation approach is regarded as a framework, rather than a theory, because of its 

conceptual vagueness especially in defining core features, such as determinants 

including institutions, and system’s outcomes.   

 

The literature review and the three studies undertaken in this thesis have underlined 

some of the weaknesses in the systems of innovation framework.  These include:  

- that most research under this framework due to methodological weaknesses is 

unable to validate causal pathways leading to innovation; 

- in particular, there is a need to agree on purpose, as this determines the 

outcomes to be measured.   
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- institutions are thought to be particularly important determinants in to the 

innovation process, however, no taxonomy or holistic measure has been 

developed as a tool for empirical analysis of the impact of the institutional 

milieu. 

 

Edquist (2001: 2) argues that the main purpose of systems of innovation research is to 

identify the determinants of innovation.  However, little work has been done on the 

determinants of innovation and, apart from one narrowly focused study (Dagenais, 

Séguin-Dulude & Desranleau 1991), does not appear to have been conducted for 

patented technology.  This thesis initially started to examine the determinants of 

innovation for patented medical technology, and then, retrospectively examined the 

influence of institutions on this process. 

 

The pharmaceutical, biotechnology and electro-medical industries are amongst the most 

profitable in the world.  They are extensive users of patents as a way of protecting their 

intellectual property in order to leverage higher profits through the monopoly patents 

provide.  Despite their apparent importance internationally, little is known about the 

commercialisation of medical patents, particularly examining a whole nation’s patent 

portfolio from the viewpoint of systems of innovation.  Certainly no-one has looked at 

the source of patented medical technological innovations for a whole nation.   

 

The thesis through its three studies identified that: 

- the determinants of innovation are specific to the context in which the study is 

conducted; 

- institutions influencing inventors seem to have a sociological flavour and 

include the family, religion, education, economics and politics; and 

- the economic impact of innovation have to be measured in order to rank 

innovation determinants. 

 

7.3 USING PATENTS TO DETERMINE CAUSALITY IN SYSTEMS OF 

INNOVATION  

 

This section discusses: 
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- selecting medical patents using patent classification systems; 

- using patents to determine causality in systems of innovation; 

- the relative juxtaposition of the provisional patent for the VenousAid Stocking 

vis a vis the patents in the survey of medical inventors; 

- the estimated economic value of Australian medical patents in the US by 

comparing sales figures generated by the patents in the survey and its relation to 

Australian exports; and 

- whether a market-defined approach is the best for examining technological 

systems within national innovation systems. 

 

7.3.1 Selection bias using patent classification systems to identify medical patents 

 

This thesis has demonstrated the value of using US patent data to describe Australian 

technology with innovative potential.  However, this needs to be done cautiously, 

especially with aggregated data.  This is particularly the case when using patents 

classification systems to identify specific technology.  Identifying medical patents using 

the International Patent Classification (IPC) underestimates the number of medical 

patents.  For example, using the IPC code “A61” to identify medical patents, as the 

Department of Industry Science and Technology did in their report, only identified half 

the true number of medical patents (Department of Industry Science and Technology 

1996: 61).   

 

Instead of having to laboriously classify each patent as was done in Chapter 4, there is a 

need to develop a more precise method of identifying medical patents in the US.  

Testing other patent classification systems is probably a good first step, especially the 

US Patent Classification (2003).  This also raises the issue that patent and industry 

classifications are frequently used but rarely validated in patent related research.  

Without validation of such coding, our findings suggest that results from these studies 

need to be interpreted with caution. 

 

7.3.2 The determinants of innovation 
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One of the weaknesses of the systems of innovation approach is that “we know far too 

little about the determinants of innovation” (Edquist 2001: 3).  The survey of medical 

inventors tried to identify such predictors by comparing the experience of inventors 

listed on medical patents who generated technological innovations with those who had 

not.  Then, through multivariable modelling using logistic regression an attempt was 

made to isolate the most important determinants of innovation.  These determinants 

were used to develop the innovation potential score for medical patents.  However, one 

cannot determine causality using survey data, as it is cross-sectional in nature with the 

determinants and outcomes being measured simultaneously.  All we could do was 

hypothesise as to cause and effect.  In other words, our survey data was able to identify 

a number of possible determinants of innovation for patented inventions, which need to 

be tested in prospective studies, where determinants are measured before the outcome is 

known.  One of the issues with survey data is that it is very difficult to separate 

determinants of innovation from confounders related to where the invention has ended 

up in the commercialisation process.  For this reason, the survey only used factors 

considered to be early in the commercialisation process, to isolate the most important 

early determinants of innovation. 

 

The determinants of innovation will be different in each study.  Using the innovation 

potential score as an example, its final make up is defined by the study design, the 

sample chosen (Australian medical inventors on US patents granted in 1984-1994), the 

context of the study (Australia), the variables chosen to be measured, and the time of 

the survey (1997-1999).  The survey, for instance, was undertaken during the time of 

the collapse of the South East Asian stock markets.  In particular the determinants of 

innovation are defined by the institutional make-up of Australia, especially that the 

majority of R&D is publicly funded.  Moreover, the determinants of innovation for 

patented inventions (codified knowledge) will be different to inventions that are “trade 

secrets”.  The determinants of innovation will also differ for each system of innovation 

whether defined geographically, technologically or functionally (Edquist 2001: 13).   

 

By way of example, our sample only reflects the very tip of the iceberg of innovative 

activity with potential to be patented.  This helps to illustrate that the determinants of 

innovation are difficult to define, as it depends upon so many factors.  As outlined in the 
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literature review, these include the underlying theory, the context of the study, its 

design, and the determinant and outcome variables that are measured. 

 

7.3.3 Degree of selection bias in using patents as the source of innovation 

 

Medical patents in the US registered between 1984 and 1994, and listing Australian 

inventors have a 50% chance of having been commercialised to become a technological 

innovation, and a 32% chance of being manufactured for more than 4 years.  There is a 

34% chance that the technology is still generating sales a median of 8 years after being 

registered in the US with 13% generating sales of over AUD$1 million.   

 

So, given that we submitted a provisional patent application for the VenousAid 

Stocking in Australia, what was the probability that we would have ended up with a 

product with annual sales of over AUD$1 million?  In order to assess this question a 

number of unrelated data sources need to be combined to generate Table 7.1. 

 

In Australia from 1990-91 to 1993-94, on average 18% of provisional patent 

applications go through to be filed as complete standard patent applications (see Figure 

7.1 and its associated data in Table 7.1).  During this period on average, 6,397 

provisional applications were submitted annually, with 1,120 subsequently being 

submitted as complete patent applications.  Overall, complete patent applications 

averaged 8,897 per year.  The vast majority of patent applications are submitted directly 

as complete applications and do not come from provisional patents.   
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Table  7.1: Data used to graph chart on schema for average annual number of 

provisional patent applications in Australia to technological innovations  

Type of patent 
application at start 

Annual 
average

No. 
required for 

one 
success* 

Years for 
which data 

available

Provisional Complete  

Sales >AUD$1 milliona 9 59 68 1 1984-1994
Technological innovationsa 33 227 260 4 1984-1994
Patents granted in the USa,d 65 455 520 8 1984-1994
Patents granted in Australiab,e 124 916 984 14 1991-1994
Complete patent applications 
in Australiac 

1,120 7,777 8,897 131 1991-1994

Provisional patent applications 
in Australiac 

6,397 0 6,397 711# 1991-1994

 
N.B. this table assumes that  

- all patents granted to Australian residents in the US were also submitted and granted in Australia 
- only Australian patents, which were also granted a US patent, became a technological innovation 
- that the proportions of US patents which became “technological innovations” and generated 

“Sales >AUD$1 million” holds true non-medical patents 
* No. required to generate one technological innovation with “Sales >AUD$1 million” a median of 8 years 

after a patent has been granted 
# calculated just for provisional patent applications i.e. 711 = 6,397/9 
a data from this thesis  
b Source: (Gruen, Bruce & Prior 1996: 33) 
c Source: http://www.ipaustralia.gov.au/pdfs/general/ipst9900.pdf and http://~/ipst9495.pdf [25 February 

2003] 
d No. of patents to Australian resident inventors in the US 
e No. of patents granted to Australian resident inventors in Australia 
 

 

What number of complete applications result in a patent being granted?  These averaged 

984 for the period 1991-1994 (Gruen, Bruce & Prior 1996: 33).  Around 11% of 

complete patent applications result in a patent being granted.  So the probability of a 

provisional patent application resulting in a patent being granted is around 2% 

(124/6,397; Table 7.1).   

 

It appears that about half of patents granted in Australia result in one being granted in 

the US.  Comparing the annual number of patents granted to Australian residents in 

Australia and in the US between 1984 and 1994 (Figure 4.1 in Section 4.4.2 and 

(Gruen, Bruce & Prior 1996: 33)) between 43% and 62% of the number granted in 

Australia are granted in the US.  This is assuming that all those granted in the US are 

also submitted in Australia.  It is likely that a proportion of US patents are only 

submitted in the US and not in Australia. 
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Data and sources described in Table 7.1  

Figure  7.1: Schema for annual number of provisional patent applications in 

Australia to technological innovations 

 

If the ratios in Table 7.1 and depicted in Figure 7.1 are true, it takes: 

- 194 (6,397/33) provisional patents in Australia to generate one technological 

innovation; and  

- 711 provisional patents to generate one technological innovation with sales of 

over AUD$1 million (a median of 8 years after the patent was granted).   

 

Given the assumptions entailed in calculating the data in Table 7.1, what if, for 

argument’s sake, this data is an overestimate by a factor 4?  In this instance the chance 

of going from a provisional patent to a technology innovation is 1 in fifty and to 

generate sales in excess of AUD$1million is one in 200. 

 

What is the probability that the provisional patent application for the VenousAid 

Stocking would become a technological innovation and then one generating sales over 

0 2000 4000 6000 8000 10000

Provisional patent applications in
Australia

Complete patent applications in
Australia

Patents granted in Australia

Patents granted in the US

Technological innovations

Sales >AUD$1 million Started as provisional patent application

Started as complete patent application
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AUD$1 million?  The probability of the Stocking becoming an innovation is 0.5% 

(=33/6,397) and for it to generate a million dollars in sales is 0.1% (=9/6,397).   

 

Surveying inventors, and possibly assignees, on patents granted in the US is a good 

inroad into the commercialisation milieu, especially as such a high proportion (50%) 

result in a technological innovation.  However, as the graph above illustrates, there is a 

need to examine early commercialisation, long before a patent is granted.  This is 

especially the case given that Australian patenting in Europe is half the average rate for 

countries of the OECD (2001d).  If Australia wants to be on level pegging with the rest 

of the OECD, it needs to increase the flow of ideas through to provisional patenting and 

then to full patent application.   

 

The determinants of innovation will vary depending on the method of selecting 

intellectual property with innovative potential and what factors or determinants are 

examined.  Given the enormous sources of such intellectual property (see Table 10.3, 

Appendix 10.2) from Pavitt (1984)), selecting any one source means the selection is 

skewed.  Even looking at intellectual property with potential to become a patent, there is 

an enormous drop off in the sample from a provisional patent application to patents 

granted in the US to Australian resident inventors, to generating sales of > AUD$ 

1million.  Therefore, the studies examining successful innovations described in the 

literature review (see Table 10.1, Appendix 10.2 for example, with users as a source of 

innovation) represent 1 in 178 (711/4) of all technology at the equivalent level of 

development as a provisional patent application.  This is an enormous selection bias 

from the perspective of explaining determinants of innovation for provisional patents 

through the experience of someone with a patented technological innovation.  This 

means that such a sample would miss the experience of 99.4% of inventors with 

technology in early development. 

 

As will be discussed in Section 7.6.3, it would be fruitful to explore such early phases 

of the commercialisation process by surveying inventors listed on both provisional and 

complete patent applications and following them prospectively to see the outcome of 

these inventions.   
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7.3.4 Using patents as a descriptor for technological innovation systems 

 

As discussed in the literature review (Section 2.8), patents are an imperfect measure of 

technology with innovative potential as not all new technology is patented, patenting 

varies between industries, and the propensity for firms to patent varies over time and 

with the firm’s size. 

 

As medical industries have a high propensity to patent especially in the pharmaceutical, 

biotechnology, and electro-medical industries, the medical patents are probably a fairly 

good measure of invention and innovation.  In addition, as 50% of Australian patents in 

the US, according to our findings, go on to become an innovation, they are an effective 

means to examine the determinants of innovation for patented technology. 

 

However, depending on the patenting tendencies of industries, the value of using 

patents as a descriptor for systems of innovation will vary accordingly.  

 

7.3.5 The estimated economic value of Australian medical patents in the US 

 

It is notoriously difficult to value patents.  As outlined in the literature review (Section 

2.8), essentially there are four traditional sources of information on this subject 

(Griliches 1998: 308; Jaffe, Trajtenberg & Fogarty 2000): 

- surveys of patent owners or assignees; 

- data on patent renewals; and 

- econometric analyses comparing patent numbers and firm profits or stock 

market value; and 

- citation analysis. 

 

Surveys of patent holders showed that the median return per patent was close to zero 

(Griliches 1998: 309-310).  However, through skewing of the distribution probably due 

to a small number of patents generating enormous returns, the mean gain to the patent 

holder ranged from USD$73,000 to USD$473,000 per patent in mid 1980’s prices.  

Other work estimated the average value of a patent varied between $7,000 and 17,000 

for the UK, France and Germany (Griliches 1998: 310).   
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We have surveyed medical inventors, who generally are not the patent owners except 

for unassigned patents.  However, inventors usually had a good idea of the commercial 

outcome of the patent.  This was both in terms of whether it became a technological 

innovation or not, and the value of sales that the innovation generated in the previous 

financial year.  So what is the true value of the medical patents registered in the US 

listing Australian resident inventors?   

 

Overall there were 1,308 medical patents granted to Australian resident inventors in the 

US between 1984 and 1999.  So what is their value in terms of estimated annual sales?  

Using the estimates from the survey of medical inventors, where 177 patents generated 

a total of AUD$1.435 billion of annual sales in 1996-1998 (see Section 5.4.5.2 Sales of 

technology (Q32)), then 1,308 medical patents may have generated sales worth 

AUD$10.6 billion ( = 1.435 billion * [1,308/177]).   

 

This figure is probably an underestimate as they were elicited a median of 8 years after 

the patent had been granted which is late in the product cycle (except maybe for 

pharmaceuticals) and assumes the average duration of manufacture is 5 years.  It is in 

dollar values for the time of the survey, namely, 1997-1999, and does not indicate 

whether the sales generated profits for the company.   

 

Half of the patents in the survey of medical inventors became innovations of which two 

thirds were produced in Australia.  Given that the Australian medical market is 1% of 

the world medical market, most of these products (at least 90%) produced in Australia 

would be exported overseas.   

 

As seen in Appendix 10.4, medical exports, as a proportion of all Australian exports in 

goods have risen from an estimated maximum of 1.7% to 4.4% (from 0.4 to 3.8 billion 

AUD$) over the years 1988-89 to 2000-01.  In total these exports amount to AUD$32 

billion dollars over the 13-year period.   

 

It is very difficult to compare the very rough estimate of the sales generated by the 

medical patents from 1984-1999 with the equally rough estimate for Australian exports 
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for 1988-2000.  Despite the assumptions underpinning their estimation, it is noteworthy 

that these figures are in the same ballpark and differ only by a factor of 3.   

 

It can be concluded that the average sales generated by each patent are AUD$8.1 

million (AUD$1.435 billion / 177 patents).  However, as demonstrated by our survey, 

approximately 19% of patents would be responsible for generating most of these sales 

(see Section 5.4.5.2).  Assuming 66% (33%/50%) of manufacturing occurs in Australia 

and 99% of this production is exported (proportional to the ratio of the international to 

domestic market), then of the AUD$8.1 million of sales generated by each patent, 

AUD$5.3 million (8.1*66%*99%) goes to Australian exports.  By estimating the 

value of sales for each patent one can extrapolate the value to Australia of its medical 

patents in the US.  Even if this figure is out by a factor of 5, the stock of Australian 

medical patents in the US is very valuable.   

 

The challenge in the future is to match this data for the whole nation at the level of 

individual firms, matching firm-based patent data with information on product sales and 

exports by the same firm.  As will be discussed, such firm-based patent data needs to 

include all submarine patents.  Linking such data for individual firms and analysing it 

within a macroeconomic context will provide much stronger evidence for whether 

patents and patenting influence economic growth. 

 

Furthermore, this thesis looked at total sales rather than the net return to the inventor or 

the owners of the patent.  This is certainly an interesting topic for future research. 

 

7.3.6 Examining technological systems within national innovation systems 

 

What is the purpose of studying technological or sectoral innovation systems?  Why 

observe flows of knowledge?  Why fund research into technological innovation 

systems?  Ultimately a nation hopes to benefit from investment in research into 

technological innovation systems so as to maximise outcomes for its citizens.  

Innovative firms are the main source of a nation’s economic growth.  Firms in certain 

industries or sectors provide a predominance of that growth.  By studying all 
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technological innovation systems within a nation or a defined region, one can identify 

which sectors hold the greatest promise and which are in decline.  

 

From a policy perspective Carlsson’s (1994: 22) position is that “strengthening existing 

technological systems and facilitating the creation of new ones ought to be among the 

main goals of government technology policy”.   

 

The literature review and the outcomes of the thesis support the assertion that  

 

The emphasis ought to be on creating well-functioning systems rather than 

promoting particular firms, industries, or technical solutions; on creating a 

variety of approaches and institutions rather than selecting individual projects; 

on facilitating networking rather than supporting individual actors; on 

competence building throughout the system (i.e. diffusion and utilization) as 

opposed to merely promoting the creation of new technology.” (Carlsson 1994: 

22).   

 

It is equally true that governments of small and open economies need to decide which 

industries to support, as Taiwan and Singapore have done (Mathews 1999).  For a small 

country to support all industries indiscriminately may reduce the efficiency and earning 

potential of their economies. 

 

If the purpose of studying the technological innovation systems within a nation is to 

maximise the performance of the national innovation system by strategic investment in 

certain technological innovation systems and disinvestment in others, then that requires 

a completely different focus from just knowledge flows to overall economic 

performance, particularly income, employment, and exports.  This requires a taxonomy 

of technological innovation systems within a nation.   

 

Most research on technological innovation systems has focused on a particular slice of 

technology usually a topical area or something of interest to the researcher, such as my 

focus on medical technological innovations.  Other researchers (Carlsson, Holmen, 

Jacobsson, Rickne & Stankievicz 2002a; Eliasson 2002b; Rickne 2002) have examined 
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biomaterials, health care, pharmaceuticals, factory automation, and while missing other 

technology innovation systems in a geographically defined region.   

 

How do you slice the technology cake for a whole nation?  A number of classification 

systems exist for patents (e.g. IPC of the World Intellectual Property Office (WIPO) 

2003) and industries (e.g. NAICS US Census Bureau 2000).  Or should one use 

knowledge fields, products, or markets, as defined by Carlsson and colleagues (2002b: 

237), as the basis for cutting up the whole cake?   

 

As will be discussed below, this thesis suggests that a market-defined approach appears 

to hold the most promise.  The challenge is to develop a classification of technological 

systems delineated by markets for a whole nation, which is beyond the scope of this 

thesis.  

 

Despite all the known disadvantages and biases involved in using patent data, we have 

demonstrated for Australia that patents are a good method for exploring the 

technological trajectories and emerging technological strengths in a nation’s 

technological innovation system.  In our case we were able to highlight the emergence 

of biotechnology as a major strength in Australia’s medical technology portfolio.  Of 

course, such analysis of a system of innovation needs to identify measures of innovation 

in a much broader body of indicators beyond patents, an example of which will be 

outlined below (Section 7.5).   

 

This discussion will outline why a market defined technological innovation system 

approach may offer a better analytic lens than either a knowledge field or product 

approach.  In particular, it provides a superior method for examining:  

- the evolution of technological trajectories; 

- the role of government in innovation;  

- the source of innovation in the context of a whole nation; and. 

- “technology operating under the same institutional arrangement, and therefore 

sharing “a common selection environment” (Carlsson et al. 2002b: 238).   

 

The value of using a market defined technological innovation system approach to 

analysing national systems of innovation, is that a market such as health care 
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incorporates a number of unique features, especially a high level of government 

involvement at a national level.  As outlined in Section 2.10 and Appendix 10.4, 

Australian government influences the process of developing medical technological 

innovations through: 

- its stringent regulation and registration requirements for drugs and medical 

devices;  

- funding the majority of medical research; and 

- financing health services and subsidising a significant proportion prescribed 

pharmaceutical products.   

 

In other words, governments not only define the parameters of the commercialisation 

process, but also major parameters of the market for medical technology.  

 

Using a national approach to study a technological innovation system means that the 

role of government and the impact of policy can be examined in all facets of 

commercialising patented medical technology.  It also means that the results can be 

compared to other economic data which are usually collected on a national (macro) 

basis including data on inputs into R&D and outputs ranging from provisional through 

to granted domestic patents, GDP and exports.  In other words, the micro data of the 

commercialisation experience of inventors can be placed into the context of macro 

economic data. 

 

Using the approach used in this thesis by describing patents and surveying their 

inventors within a national framework, but within a technological innovation system, 

meant that we were able to examine the creation and the source of innovation for the 

whole nation and the process of commercialisation including the influence of 

government policy and then compare these results with macro economic data (see 

Section 7.3.5, for example, of data on the sales of patented innovations being compared 

to data on national exports).   

 

This thesis shows that market-defined technological innovation systems can be used to 

examine the creation of new technology, technological trajectories and even new 

techno-economic paradigms (Freeman & Perez 1988) such as biotechnology. 
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This thesis has been concerned with a market defined technological innovation system 

encompassing “a set of related products and artefacts aimed at a satisfying a particular 

function, such as health care” (Carlsson et al. 2002b: 237) within a national innovation 

system.  This has encompassed all patented medical technologies which are aimed at a 

specific market – the medical market .  Essentially the whole health care market was 

included in this thesis, except for dental technologies.   

 

Examining technological innovation systems, defined by a set of products which have 

a common market, overcomes the problem of technology changing, often very 

radically.  For example, the rise in biotechnology has meant that within the biomaterials 

industry (e.g. making an artificial pancreas for patients with diabetes mellitus) there has 

been a shift from synthetic to biological materials (Carlsson et al. 2002b).  However, 

the market has largely kept the same boundaries.  Whilst the new technology ostensibly 

extends the market, in reality this is not the case.  The number of diabetic patients 

would not change, the treatment with insulin would remain but the method for injecting 

insulin would change from using a syringe to an artificial pancreas.  In the example of 

the artificial pancreas, the knowledge field and the product have changed whereas the 

market has remained the same.  Thus, when examining technological systems over time, 

the market defined technological innovation system framework may offer the best 

approach.45   

 

Generally technologies are increasingly complex and interrelated, with “the range of 

technological competencies required for success in any one innovation having 

increased” (Andersen & Walsh 2000: 78).  It is thought that this may be an explanation 

“for the increased co-operation among firms, and between firms and other institutions” 

(Coombs et al 1996 as cited in Andersen & Walsh 2000: 78).  In addition, industries 

may be patenting in a greater number of technological areas due to the increased 

complexity of technology (Cantwell 1996 as cited in Andersen & Walsh 2000: 78).   

 

                                                 
45 I have only found one recent paper claiming to use a market defined technological innovation system 

or a competence bloc approach to examine the evolution of the chemical technology systems from 1890-

1990 using patent data from the US (Andersen & Walsh 2000).  However, this paper missed the essential 

point that a competence bloc is defined by the market, so rather than defining a market, the paper used 

patents classified as being from the “chemical” industry. 



 

 

307

In conclusion, a market defined technological innovation system approach may offer a 

better analytic lens than either a knowledge field or product approach when examining 

the evolution of technological innovation systems over time i.e. technological 

trajectories.  It also enables the role of government to be examined as it frames many 

institutional factors influencing innovation.  Finally it permits the source of innovation 

to be investigated for the whole nation and its impact on macro economic data to be 

considered. 

 

7.3.7 Conclusion 

 

In conclusion, patents as source of innovation are the tip of the innovation iceberg, at 

the apex of the effort to create innovations, as there is an enormous fallout from 

submitting a provisional patent application to being granted a patent. 

 

This thesis has demonstrated the value of using US patent data to describe Australian 

technology with innovative potential.  However, this needs to be done cautiously, 

particularly with aggregated data.  This is especially the case when examining the 

source of innovation and using patents to describe the technological innovation system 

related to medicine.  First, as outlined in Sections 5.4.1.3 and 5.8.2.6, using the first-

named assignee as the source of innovation, distorts the true source by overestimating 

the proportion coming from business and underestimating that originating from the 

public sector.  Second, identifying medical patents using the International Patent 

Classification (IPC) underestimates the number of medical patents.  Other patent 

classification systems need to be assessed as to their effectiveness at identifying medical 

patents.  This also raises the issue that patent and industry classifications are frequently 

used but rarely validated in patent related research.  Without validation of such coding, 

results from these studies need to be interpreted with caution. 

 

This thesis has demonstrated the value of examining the sources of innovation using a 

systems of innovation approach by combining national and technological perspectives.  

It has shown that medical inventors, as the source of invention or innovation, 

encompass a very high level of human capital.  It also demonstrated that inventions 

arising from industry are twice as likely to become innovations than those arising within 
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the public sector (Table 5.11).  In other words, the source of invention determines the 

likelihood of receiving an economic benefit from its commercialisation into an 

innovation. 

 

Overall, this thesis has also been able to: 

- demonstrate a method for identifying the determinants of innovation for 

patented inventions using a nested case-control study within a cross-sectional 

survey of a nationally representative sample of inventors.  The most important 

determinants were selected through multivariable analysis using logistic 

regression in order to develop the innovation potential score for medical 

patents.  This has identified the most important early predictors for Australian-

invented medical patents in the US, which requires validation in prospective 

studies. 

- undertake the first known study surveying a nationally representative sample of 

medical inventors listed on patents.   

- through a case study using participant observation, underline the complexity and 

uniqueness of the institutional environments that an inventor encounters during 

their lifetime.  The case even proposes that an inventor’s curriculum vitae may 

provide a means to measure their institutional exposures. 

- mount a case for using technological innovations on macroeconomic 

denominator as an outcome measure for systems of innovation, and thereby, 

enable their economic impacts to be calculated. 
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7.4 ASSESSING DETERMINANTS OF INNOVATION IN INNOVATION 

SYSTEMS 

 

Most of the creations of the intellect or fancy pass away for good after a time that 

varies 

between an after-dinner hour and a generation. 

Joseph A. Schumpeter (1942: 3) 

 

 

This section initially builds on the findings of thesis on institutions, in particular the 

survey of medical inventors and the case of the VenousAid Stocking.  It endeavours to 

more clearly delineate the role of institutions, and hence, develop better empirical 

methods for measuring its function.  This is done by creating a taxonomy of institutions.   

 

The section continues by advocating for empirically investigating the determinants of 

innovation within systems of innovation from a macroeconomic perspective in order to 

begin linking system function with economic growth.  In order to assess the 

effectiveness of innovation systems, specific system’s inputs and outputs also need to 

be defined and measured.  The proposal is to use a resource framework to measure 

inputs and to use technological innovations as the output.  As outlined in Section 2.5.3, 

the effectiveness of innovation systems would be determined by how it influences 

economic change and ideally growth.  These findings are then synthesised into a new 

model for systems of innovation which has been called a necklace model, with 

institutions as its metaphorical “clasp”. 

 

This section discusses: 

- economic change and systems of innovation; 

- defining and measuring institutions by creating a taxonomy of institutions; 

- measuring human capital and other resources as possible inputs into systems of 

innovation; and 

- measuring knowledge within systems of innovation. 
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The aim was to tie these threads together and create a model for innovation systems, 

which would assist in portraying the conceptual issues discussed in a visual format. 

 

7.4.1 Systems of innovation and economic change 

 

Once having decided to study the economic consequences of innovation as the outcome 

measure when assessing the determinants of innovation, I was trying to find a 

framework in which to place the varying themes that were emerging in this thesis.  

North’s (1999) speech to the Institute of Economic Affairs, weaved these themes into a 

coherent picture on the systems of innovation, especially his triad of factors leading to 

economic change.  

 

Economic change is a result of changes, one, in the quantity and quality of 

human beings; two, in the stock of human knowledge, particularly as it applies 

to the human command over nature; and three, in the institutional matrix that 

defines the incentive structure of society.  A complete theory of economic 

change would therefore integrate these three strands. (North 1999: 9) 

 

North (1999: 9) outlines a triad of human capital, knowledge and institutions that he 

believes are required in a coherent theory of economic change.  

 

This thesis was about examining the determinants of innovation for patented medical 

technology and not concerned with generating a theory of economic change.  However, 

when the findings of this thesis appeared to fit the three strands of North’s thinking, it 

provided a scaffold for arguing how to extend the systems of innovation partway 

towards becoming a theory of economic change.  A number of steps are outlined 

towards achieving this goal. 

 

The first step is to measure the impact of institutions on innovation.  In order to do that 

one requires a taxonomy of institutions.  The main focus of this section is to develop a 

rudimentary taxonomy.  The following steps lead into the next section describing the 

necklace model for systems of innovation. 
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The second step, is to examine the role of “the quantity and quality of human beings” 

(North 1999: 9) in nations and their role in innovation.  Certainly to be a medical 

inventor you have to be fairly intelligent, with a minimum requirement being to hold a 

university degree, preferably a doctorate.  The idea that one of the determinants of 

innovation is human capital will be examined below. 

 

The third step, which has not been thoroughly assessed in this thesis, is to examine the 

stock of human knowledge, how it flows through individuals and organisations by way 

of their different forms of learning to bring about innovations that lead to economic 

growth.  A method is sketched out for measuring the generation, diffusion and use of 

knowledge.  

 

The fourth step in that direction is to extend Edquist’s (1997a: 14) definition of systems 

of innovation to examine the economic impact of the innovations as indicated in Section 

2.5.3.  This step, which again has not been thoroughly assessed in this thesis, involves 

developing a framework for measuring inputs and outputs for systems of innovation.  

Much in the way that macroeconomic analysis estimates its national accounts, a concept 

developed by Kuznets.  He compared the National Income with the Gross National 

Product “the total production of goods and services of all kinds, public and private” 

(Galbraith 1987: 245).  Similarly systems of innovation need to be measured at a 

macroeconomic level if their impact on the economy is to be calculated.  If 

technological innovations on a macroeconomic denominator are the output, the difficult 

task is to develop a method for measuring inputs into innovation systems.  An adapted 

resource framework from Coleman (1988) provides a possible means to measure such 

inputs.  This resource framework consists of human, financial, physical and social 

capital, and natural resources. 

 

The final step, was to bring all these strands together and create a model for systems of 

innovation, which has been called a necklace model, with the clasp representing 

institutions. 
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7.4.2 Defining and measuring institutions and their role in systems of innovation 

 

Not everything that can be counted counts, and 

not everything that counts can be counted 

Albert Einstein 

 

Give me the child until he is 7, and I will show you the man 

Jesuit maxim 

 

The literature review and the empirical work in this thesis have demonstrated the 

importance of institutions within systems of innovation.  A particularly complex issue is 

how to empirically investigate the role of institutions.  One way to progress this issue 

may be to develop a taxonomy for institutions.  The recommendations that follow are 

very broad brush but attempt to develop such a taxonomy.  The institutional aspect of 

innovation was not part of the initial plan for this thesis, however, the studies provided a 

means to investigate them retrospectively.  In the case study, a maze of institutional 

influences were identified which include the family, religion, education, economics and 

politics – very much a sociological mix of institutions which influenced my behaviour 

as an inventor.   

 

In the innovation literature, the focus tends to be on institutions that act on individuals 

operating in the system of innovation.  In other words, this focus is usually on adults 

working in universities, firms or governments.  How the individual currently acts in the 

system of innovation is as a consequence of a lifetime of conditioning or learning.  I 

would venture to ask: what are the institutions that have led the individual to act the 

way they do today?  As North (1994) states, it is a lifetime of learning and developing a 

belief system or abstract mental models (the internal representation of institutions).  

What is the link between learning and institutions? 

 

Learning entails developing a structure by which to interpret the varied signals 

received by the senses.  The initial architecture of the structure is genetic, but 

the subsequent scaffolding is a result of the experience of the individual.  The 

experiences can be classified into two kinds – those from the physical 
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environment and those from the socio-cultural linguistic environment.  The 

structures consist of categories – classifications that gradually evolve from 

earliest childhood to organize our perceptions and keep track of our memory of 

analytic results and experiences.  Building on these classifications, we form 

mental models to explain and interpret the environment – typically ways 

relevant to some goal.  Both the categories and the mental models will evolve, 

reflecting the feedback derived from new experiences: feedback that sometimes 

strengthens our initial categories and models or may lead to modifications – in 

short, learning.  Thus the mental models may be continually redefined with new 

experiences, including contact with others’ ideas … The mind appears to order 

and reorder the mental models from their special-purpose origins to successively 

more abstract forms so that they become available to process other information.  

The term used by Andy Clark and Annette Karmiloff-Smith (1993) is 

“representational redescription.”  The capacity to generalize from the particular 

to the general and to use analogy is a part of this redescription process.  It is this 

capacity that is the source not only of creative thinking, but also of the 

ideologies and belief systems that underlie the choices humans make...   

 

Belief structures get transformed into societal and economic structures by 

institutions – both formal rules and informal norms of behavior.  The 

relationship between mental models and institutions is an intimate one.  Mental 

models are the internal representations that individual cognitive systems 

create to interpret the environment; institutions are the external (to the 

mind) mechanisms individuals create to structure and order the 

environment.  (North 1994: 363, emphasis added) 

 

In other words, belief structures or abstract mental models are the internal 

representation of institutions, and are shaped through a lifetime of learning and 

experiences.  As North indicates, these belief systems are passed on by the culture of a 

society.   

 

Time as it relates to economic and societal change is the dimension in which the 

learning process of human beings shapes the way institutions evolve.  That is, 

the beliefs that individuals, groups, and societies hold which determine choices 
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are a consequence of learning through time – not just the span of an individual’s 

life or of a generation of a society, but the learning embodied in individuals, 

groups, and societies that is cumulative through time and passed on 

intergenerationally by the culture of a society.  (North 1994: 359-360, emphasis 

added)  

 

… the cumulative experience of past generations that is embodied in culture ...  

It is culture that provides the key to path dependence – a term used to 

describe the powerful influence of the past on the present and the future.(North 

1994: 364, emphasis added)   

 

As the sociology literature indicates, the culture of a society is passed on not only 

through the economic and political institutions, but all institutions, especially those of 

the family, religion, and education (Defleur, D'Antonio & Defleur 1984).   

 

Within innovation systems, especially of a nation, is there a way to assess the belief 

system or mental models representing institutions that individuals develop?  This is 

difficult to do directly.  However, the process of developing these mental models is 

intimate with that for generating an individual’s human capital.  Essentially human 

capital is the sum of all learning embodied in an individual.  The OECD defines human 

capital as “The knowledge, skills, competencies and attributes embodied in individuals 

that facilitate the creation of personal, social and economic well-being” (OECD 2001e: 

18).  North (1994: 363) states “Learning entails developing a structure by which to 

interpret the varied signals received by the senses”.   

 

One way to assess the ability of people to “interpret these varied signals received by the 

senses” (North 1994: 363) is to measure a facet of their human capital, namely, their 

ability to read.  This can be done by appraising their literacy levels “the ability to read 

and write” (Delbridge et al. 1997: 1253).  In other words, one method for measuring the 

quality of a society’s learning experience, and hence its ability to develop mental 

models, is to measure the literacy levels of its citizens.   

 

It appears that family and broader institutions have an important influence on learning 

as measured by literacy levels in their children at 16-25 years of age.  The socio-
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economic status of the parents as measured by their educational attainment is directly 

correlated to the literacy level of their children (Figure 7.2).  The higher the educational 

attainment of the parents the higher the literacy level of their children.   

 

 
Source: http://www.unb.ca/crisp/pbrief5.PDF [15 April 2003] quoting from (OECD and Statistics 

Canada 1995: 151) 

 

Figure  7.2: Quantitative literacy scores for youth aged 16-25 from the 

International Adult Literacy Study, 1994 

 

Internationally, children of highly educated parents all seem to perform well.  However, 

the social gradients in literacy attainment vary from country to country, with Sweden 

having the flattest gradient, where parents with only 7 to 8 years of education have 

children on average with high levels of literacy.  In sharp contrast, the children from 

similar families in Great Britain, Northern Ireland and New Zealand have much lower 

levels of literacy.   
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The family as an institution has a powerful effect on a nation’s human capital, in this 

case as measured by literacy.   

 

The second issue is that nations appear to have a powerful effect on the capacity of 

families, especially with parents of lower socio-economic status (as measured by 

educational attainment), to improve their children’s literacy levels or capacity to work 

in the knowledge economy.  Sweden is known to have robust health, educational, social 

welfare and economic institutions which are thought largely to account for the high 

literacy levels of children from families of lower socio-economic status (Henslin 1997).   

 

Thus, literacy or educational attainment may be a good proxy measure for an 

individual’s learning about institutions.  Literacy is also a good measure of the influence 

of family and broader institutions on an individual. 

 

The variety of social gradients in different nations as depicted in Figure 7.2, has led 

Keating (1999: 245) to hypothesise that the steeper the social gradient the more likely 

that nation will divide into a technical and cognitive elite and marginalized mass 

populations.  Whereas a flatter social gradient he postulates will lead to mass 

participation in a nation’s economy leading to collaborative knowledge building 

societies.   

 

As North writes “Institutions are the humanly devised constraints that structure human 

interaction” and include informal constraints such as “self-imposed codes of conduct” 

(North 1994: 360).  In order for a person to act on “self-imposed codes of conduct” they 

must have the ability for emotional self-regulation, the neural pathways for which are 

laid down in early childhood and are strongly modulated by the child’s physical and 

social environment usually mediated through the family (Keating & Miller 1999: 222).   

 

The institutional environment of the child, especially in the first 3 years of life, not only 

develops their belief systems but has a direct impact on brain growth, especially in the 

building of neural pathways (Keating & Hertzman 1999).  These environments have a 

direct effect on lifelong behaviour, academic performance and health.   
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Adverse social influences such as poverty and dysfunctional home environments can 

lead to poor academic performance at school, behaviour problems, depression and 

suicide, increase in risk taking behaviour including drug abuse, crime and teenage 

pregnancy and low-wage employment or unemployment.  Whereas a stable, emotionally 

warm family environment with rich verbal and playful stimulation leads to academic 

achievement, good employment prospects and a beneficial effect on lifelong health.  

Institutions of the family, health, social welfare, education, economics, and politics 

shape these environments (Defleur, D'Antonio & Defleur 1984; Henslin 1997).  Out of 

all these, the family is probably the most important.  As Becker (1993: 21), who won 

the 1992 Nobel Prize in Economic Sciences for his work primarily on human capital, 

states: 

 

No discussion of human capital can omit the influence of families on the 

knowledge, skills, values and habits of their children.  Parents who severely beat 

their children cause lasting damage, while at the other end of the spectrum, 

sympathetic and firm parents help motivate their children. 

 

Large differences among young children grow over time with age and schooling 

because children learn more easily when they are better prepared.  Therefore, 

even small differences among children in the preparation provided by their 

families are frequently multiplied over time into large differences when they are 

teenagers.  This is why the labor market cannot do much for school dropouts 

who can hardly read and never developed good habits, and why it is so difficult 

to devise policies to help these groups. (Becker 1993: 21) 

 

In our study we have demonstrated that medical inventors who spawn medical 

technological innovations represent very high levels of human capital.  This is 

indicated, for example, by the fact that 53% of medical inventors have doctorates (see 

Section 5.4.1).  Therefore, not only do the early institutional environments create the 

mental models (such as the internal representation of institutions) but simultaneously 

influence brain growth and the socio-emotional and intellectual capacity of the 

individual.  The way the actors in a system of innovation interact with other human 

actors is not only shaped by the current institutional milieu but through a lifetime of 

institutional exposure or conditioning.  This lifetime of institutional contact 
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simultaneously determines whether or not you have the human capital (e.g. the capacity 

to learn and act on “the rules of the game”) i.e. to be an actor in the system of 

innovation.  In summary, institutions not only play an important role in guiding human 

interaction in systems of innovation but also in generating the human capital required to 

make such systems work effectively.   

 

Institutions not only transmit knowledge of institutions (creating the mental models or 

belief systems) but other knowledge including that of culture.  I will present two 

examples to illustrate.  First, as a child, my mother would teach my siblings and I how 

to cook biscuits.  At the same time she would teach us how to behave by getting us to 

share licking the bowl clean and the biscuits, and make sure we would not push each 

other off the chairs we used stand up on to reach the kitchen bench.  Second, as a 

medical student, physicians would take us on ward rounds to teach us how to examine 

patients.  Concurrently, they would teach us, both by example and through advice, how 

to interact with patients, the patient’s family, and other health professionals.  

Institutions not only transmit knowledge to guide human interaction but also many other 

forms of knowledge (as will be discussed below).  Thus, the internal representation of 

institutions could be regarded as another form of knowledge, a part of a person’s human 

capital. 

 

In conclusion, institutions: 

- generate the human capital required to make systems of innovation work 

effectively; 

- involved in this process are not only economic and political institutions, but all 

institutions, especially those of the family, religion and education; and 

- the internal representation of institutions could be regarded as another form of 

knowledge, a part of a person’s human capital. 
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7.4.2.1 Taxonomy of institutions 

 

The social process is really one indivisible whole.  Out of its great stream the 

classifying hand of the investigator artificially extracts economic facts. 

Joseph A. Schumpeter (1934: 3) 

 

This thesis contends that a taxonomy of institutions is required.  Its purpose is to 

provide an empirical evaluation of the institutional framework within a system of 

innovation.  A system of innovation may include a nation, region or sector.  This section 

outlines a proposed taxonomy of institutions suited to this purpose. 

 

Edquist (1997: 43) agreed with Durkheim’s premise that sociology is “the science of 

institutions”.  Review of the pan-disciplinary literature in the area leads me to agree 

(Defleur, D'Antonio & Defleur 1984; North 1990; 1994; Edquist & Johnson 1997; Galli 

& Teubal 1997; Henslin 1997; Coase 1998; Furubotn & Richter 1998; Hodgson 1998; 

Aron 2000; Nelson & Sampat 2001; Ingram & Silverman 2002; Nelson & Nelson 2002; 

Voigt & Engerer 2002).  

 

The following taxonomy of institutions has been developed through an amalgamation of 

thesis conclusions on institutional experience of medical inventors and literature 

pertaining to “social institutions” as understood by sociology (Defleur, D'Antonio & 

Defleur 1984: 378). 

 

Defleur (1984: 378) lists 5 fundamental “social institutions”: the family, religion, 

education, economics, and politics.  In modern times, other institutions have been 

described including health (or medicine), social welfare, military, law, science, and 

media (Defleur, D'Antonio & Defleur 1984: 145&378; Henslin 1997: 99).  

Unfortunately there is an enormous overlap between each category.  To generate a 

taxonomy, ideally each category should be mutually exclusive. 

 

7.4.2.2 Basic taxonomy of institutions 

It is not possible to ensure categories within the taxonomy are mutually exclusive.  

Within traditional and modern institutions (Defleur, D'Antonio & Defleur 1984: 
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145&378) there is a considerable overlap (Table 7.2).  Religions, for example, own 

hospitals (health), universities (science), charities (social welfare) and newspapers 

(media).  To a lesser extent they run armies (military) or law firms (legal) e.g. in certain 

Middle Eastern countries.  Even among so-called traditional institutions there is a 

degree of overlap.  For example, educational institutions apart from being religious, can 

also be an economic institution (e.g. private for profit universities), or a political 

institution (e.g. departments of education in the government bureaucracy).   

 

To develop a comprehensive taxonomy and provide some point of division between 

categories, models of traditional institutions are used as the main framework.  Modern 

institutions are redefined and incorporated into a traditional institutional classification 

for consistency and completeness.  Institutional classifications are drawn from 

sociology and explained in Section 7.4.2.3 below.   

 

Table  7.2: Areas of institutional overlap: traditional versus modern categories 

of institutions 

 

Traditional 
institutions
* 
 

“Modern” institutions# Institutions which 
transmit culture 

 Health Scienc
e 

Social 
welfar

e 

Military Legal Media  

Family       X 

Religion X X X X X X X 

Educationa X X X X X X X 

Economics X X X X X X X 

Politics X X X X X X X 
 

* as per (Defleur, D'Antonio & Defleur 1984: 145) 
# adapted from (Defleur, D'Antonio & Defleur 1984: 145&378; Henslin 1997: 99) 
a education includes all “formal groups explicitly designed for transmitting specific aspects of 

culture and social organization”, and their related activities (Defleur, D'Antonio & Defleur 1984: 
410).  Thus, “clubs and athletic associations” are included as part of the educational 
institution, as they transmit various aspects of culture including that of arts and sports. 

 

There will be aspects of the environment not defined or depicted by existing 

organisations.  The challenge is to identify aspects of the institutional environment not 

necessarily covered by organisations.  This I have called the “supra organisational 
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sphere” (Table 7.3) of which culture is probably the most important facet.  Culture is 

defined as the “transmission from one generation to the next, via teaching and imitation, 

of knowledge, values and other factors that influence behavior” (Boyd & Richerson 

1985: 2;  cited by North 1990: 37).  As the sociology literature indicates (Defleur, 

D'Antonio & Defleur 1984), the culture of a society is passed on not only through the 

economic and political institutions, but all institutions, especially those of the family, 

religion, and education (Table 7.2).  The challenge is to capture a measure of culture, as 

it is passed albeit in an unmeasurable way via institutions.  

 

7.4.2.3 Measuring institutions 

The main aim of the taxonomy in the context of systems of innovations is to provide a 

framework to measure the impact of institutions on the development, diffusion and use 

of knowledge in order to create technological innovations.  The institutional taxonomy 

is meant as a framework to consider which institutions are most important when 

examining a specific aspect of an innovation system.  It attempts to identify using a 

series of indicators where researchers could begin to examine the institutional 

environment.  To examine the impact of every institution on innovation is a very 

demanding exercise.  This is possibly less rewarding, than identifying which institutions 

are likely to play an important role, before testing their impact on innovation in a deeper 

way.  When examining a system of innovation, defining the organisations in the system 

would identify most of the important structures shaping the institutional environment.  

Organisations shape many important institutional factors operating on technological 

innovation.   

 

From the standpoint of an individual inventor, my curriculum vita emerged as the best 

source of information to identify my institutional exposures or experiences.  The 

question is how to measure the impact of institutions on how I behave as an inventor.  

Formal institutions such as organisational constitutions (e.g. of firms) or regulations 

(e.g. of the University) can be readily measured.  However, informal institutions can 

probably only be assessed at the aggregate level by making comparisons between 

groups of inventors, for example, by comparing different: 

- professions (e.g. each segment of specialisation in labour or the various forms of 

educational contact professions encounter); 
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- religious and ethnic backgrounds; and 

- organisational encounters (e.g. inventors working for industry or university, or 

membership of sports clubs).   

 

Ideally such comparisons would control for other institutional exposures. 

 

I would postulate that each person’s institutional exposure is a unique mix of “social 

institutions” but from the perspective of systems of innovation, the interest is how they 

affect aggregate behaviour. 

 

This exercise has shown the complexity of the institutional environment and how 

unique each individual’s exposure to that environment is.  A challenge will be to 

develop a measure of institutional exposure that is meaningful to use in research 

examining economic change.  A priority area for examining institutional environments 

would be to develop measures for countries in the developing world that would help to 

differentiate those that are catching up from those that are struggling.  This would 

identify priority areas for institutional investment by the international community. 

 

7.4.2.4 Conclusion about the role of institutions in systems of innovation 

One of the most vexing issues facing the systems of innovation approach is to define 

and measure the impact of institutions on innovation and ultimately on economic 

change.  Starting with a robust taxonomy, along the lines of that presented, will provide 

a good foundation to investigate this issue.  North (1994: 359) stated that “institutions 

form the incentive structure of a society, and the political and economic institutions, in 

consequence, are the underlying determinants of economic performance”.  From the 

discussion above, I would venture that all institutions determine economic performance 

including those of the family, education, health and social welfare, and not just the 

political and economic institutions.  Using this broader, multidisciplinary approach to 

the study of institutions provides a much richer framework for examining the influence 

of institutions on innovation and economic growth.  In particular, such a taxonomy 

would enable a more detailed comparison of national innovation systems between the 

western and developing parts of the world.  It could also serve to take account of supra-
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organisational spheres such as culture.  Culturally appropriate means of assisting 

undeveloped countries to develop flourishing innovation systems may be discovered. 

 

As mentioned in the literature review, for societies to evolve and function as successful 

and complex economies with increasing “specialization and division of labor”, they 

must develop more complex institutions “that will permit anonymous, impersonal 

exchange across time and space” (North 1994: 363).  As we have shown in our survey 

of inventors, access to certain parts of the institutional environment is only given to 

individuals embodying a high level of human capital.  This is in part why population 

measures of human capital are important to estimate. 

 

Institutions not only shape the behaviour but also the capacity of individuals to 

participate in the knowledge economy or in the systems of innovation.  Institutions help 

create the mental models (the internal representation of institutions), and directly 

influence neural development in early childhood and transmit other forms of 

knowledge.  This leads to the socio-emotional and intellectual (e.g. literacy) abilities of 

individuals required to deal with increasingly complex mental models.  It also 

influences their ability to interact with other individuals in a trustworthy and reliable 

manner and to acquire the high level of specialisation demanded by modern economies.  

It is not only organisations that come into existence but also the entrepreneur, inventor 

or other specialised individual who come into existence as a reflection of the 

“opportunities provided by the institutional matrix” (North 1994: 361).  The capacities 

of these individuals develop through a lifetime of exposure to a variety of institutions.  

Institutions shape the behaviour of the individual and generate their human capital.   

 

Institutions also shape demand for technological innovations through, for example, 

government procurement, product regulations and registration, competition policy, 

quality media free from interference and a culture imbued with a high level of trust. 
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In summary, the function of institutions is to: 

- increase trust and enable anonymous exchange (reduce transaction costs) 

through reducing uncertainty, managing conflicts and cooperation and 

providing incentives (Edquist & Johnson 1997: 51); 

- develop human capital; 

- transmit culture to future generations; 

- preserve, create and transmit knowledge; 

- ideally increase the adaptive efficiency of institutions (North 1999: 17-

18) to effectively deal with change; and 

- shape demand for technological innovations. 

 

7.4.3 Human capital, knowledge and institutions 

 

In order to assess the role of systems of innovation within an economy, as discussed 

above, requires an understanding of the relationship between human capital, knowledge 

and institutions. 

 

As outlined in Section 2.5.4, knowledge is what underpins innovation systems and 

economies.  Marshall (1890: Book IV Chapter I) recognised this over a century ago 

saying that “Knowledge is our most powerful engine of production”.  Or Lundvall 

(1992a: 1) who writes “the most fundamental resource in the modern economy is 

knowledge”.  Though knowledge has not been an overt focus of this thesis, it has been 

embedded in many of the issues that have been examined including patents, scientific 

articles and the internet (codified knowledge) and the high level of human capital (tacit 

and codified knowledge) embodied in medical inventors such as academic physicians.   

 

As part of developing empirical methods for measuring these innovation determinants, I 

was trying to conceptualise the relationship between human capital, knowledge and 

institutions.  Figure 7.3 provides a highly schematic representation of these concepts.   
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Figure  7.3: Schema for path dependence and growth of knowledge over time 

and how it overlaps with organisational and individual knowledge 

 

In this schema, institutions within a nation are regarded as another form of knowledge, 

which as North (1994: 360) states is passed on to the next human generation through the 

culture of society.   

 

The knowledge embedded within an individual begins to be accrued through learning 

from birth (and is encompassed in that person’s human capital).  Part of this learning 

involves developing an internal representation or mental models of institutions, 

classified as part of a person’s knowledge of society and how it functions.  Thus, 

knowledge for the individual is simplistically seen as an enlarging triangle over lifetime 

– the shape and content of which varies for each individual.  Most of that knowledge 

disappears with the death of that person except that which has been handed on to their 

children or other person, or been codified in some manner such as through publications 

or patents (and hence, contributes to technological trajectories), or been acquired by an 

All knowledge in society including: 

- institutions (inc. culture) 

- technological trajectories 

- innovations 
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(in individuals, routines, 

processes, products) 
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knowledge  

Time 
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organisation (e.g. in its routines, processes or products).  Knowledge which has been 

handed on then contributes to the growing knowledge in society. 

 

Figure 7.3 shows how over time, knowledge, including that of institutions, evolves and 

increases.  Probably the biggest increase in knowledge has been with the improved 

codification and accessibility of knowledge, especially with Guttenberg’s printing press 

in 1453, improved transport (e.g. railroad in late 1800s) and information technology in 

the late 1900s (Stevens 1996).   

 

Just as each individual’s knowledge accrues over a lifetime – some of which remains, 

most of which is lost upon death.  The same applies to organisational knowledge.  Each 

organisation acquires knowledge (tacit and codified), some of which, especially that 

embedded in its routines, is lost when an organisation ceases to exist.  Organisational 

knowledge is also enhanced with hiring and lost with dismissing individuals. 

 

Other knowledge becomes redundant as technology changes e.g. compositors who 

formerly put each page together with linotype before printing – their knowledge became 

largely redundant with the advent of computerised publication.  In other words, “the 

depreciation and obsolescence of knowledge in the context of its use” (Howitt (1998) 

cited by Trewin 2002: 1).   

 

As Stevens (1996: 9) writes 

 

Knowledge is not a traditional economic input, like steel or labour, and presents 

enormous difficulties of measurement.  As a result, the understanding of what is 

happening in OECD economies is circumscribed by the indicators available.  

Intangibles such as knowledge stocks and flows, knowledge distribution and the 

relationship between the creation of knowledge (in the form of research and 

development, for example), and economic growth is virtually unmapped.  In 

many respects, the knowledge-based economy remains more of a concept than a 

measurable entity. 

 

In light of the aforementioned schema, how should one view invention and inventors?  

Invention could be viewed as a collision between an individual’s trajectory embodied in 
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their human capital and his or her interaction with the technological trajectory i.e. a 

specific body of knowledge.  This collision is occurring under the influence of a 

specific institutional environment.  In his study of Causation in history, Carr (Carr: 87-

108) states that the study of history is in distinguishing  

 

… between rational and accidental causes.  The former, since they are 

potentially applicable to other countries, other periods, and other conditions, 

lead to fruitful generalizations, and lessons can be learned from them; they serve 

the end of broadening and deepening our understanding.  Accidental causes 

cannot be generalized; and, since they are in the fullest sense of the word 

unique, they teach no lessons and lead to no conclusions.(Carr 1964: 107)   

 

However in innovation, the study of causation is the study of “rational” causes that 

increase the likelihood of generating “accidental” causes such as invention.  This is the 

beneficial binding of a “collision of two independent causal chains” (Bury (1920) as 

cited by Carr 1964: 99).  For example, if Thomas Edison had been born as a Kalahari 

Bushman instead of in the US in 1847, then he would not have become the most prolific 

inventor in human history with 1,093 patents to his name. 

 

In conclusion, innovations are knowledge that is economically useful and primarily 

reflect new combinations of existing knowledge (Lundvall 1992a: 8).  Thus, it is 

important to assess not only the “development, diffusion, and use of innovations” 

(Edquist 1997a: 14) but also that of “knowledge” (Lundvall 1992a: 2).  Why examine 

knowledge in systems of innovation?  As Edquist (1997a: 1) observes 

 

The processes through which technological innovations emerge are extremely 

complex; they have to do with the emergence and diffusion of knowledge … as 

well as the ‘translation’ of these into new products and production processes.  

 

A taxonomy of knowledge is required for its empirical assessment, which is beyond the 

scope of this thesis.  However, some empirical methods to measure its creation, 

diffusion and use, as well as empirical measures of human capital are described below.   
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7.4.4 An approach to the determinants of innovation within innovation systems 

 

At this stage of the thesis I was grappling with two questions.  The concepts of 

institutions, human capital and knowledge in innovation systems are hypothesised 

determinants of innovation, and hence, of economic change.  Therefore, the first 

question was how to begin outlining a holistic approach to empirically investigating 

these determinants.  In response to this, I started to collect and tabulate a series of 

empirical indicators in the literature representing these concepts.   

 

The second question was: how does one relate these determinants to economic 

functioning and growth?  If the systems of innovation are to be examined as to their 

impact on the economy, as has been outlined in Sections 2.5.3 and 7.4.1, they must be 

investigated in the light of macroeconomic performance, which historically have 

provided the main measures of economic change.   

 

A fundamental assumption in macroeconomics is that total spending determines total 

output or gross domestic product (GDP, Miller & Shade 1980).  The total demand for 

products equals the total supply of products.  Simplistically, macroeconomics represents 

an input – output model.  This suggested that in order to study innovation impacts on 

economic growth, systems of innovation should be treated the same way.  However, 

how does one measure all inputs and outputs of an innovation system, and how is the 

process in between assessed?  The proposal is that technological innovations are outputs 

and are measured as a numerator on top of macroeconomic denominators.  Given that 

technological innovations are the outcome, then the determinants of innovation would 

be embodied in the inputs and the system’s processes leading to technological 

innovations. 

 

These considerations provided the basis for conceptualising an input-output model of 

innovation systems called the necklace for systems of innovation.  The determinants of 

innovation are embodied in the inputs and the functioning of innovation systems.  Each 

of these issues will be considered in turn. 

 

7.4.5 Resource inputs into the necklace model for innovation systems 
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So what are the inputs into systems of innovation?  What resources need to be 

mobilised to generate technological innovations within an institutional environment?  

Institutions may guide human interaction, which may generate, diffuse and use 

knowledge but without resources this economic engine would stop.  Therefore, this 

thesis proposes to use a resource framework as a measure of inputs into a system of 

innovation.  Edquist (1997a: 6) states that “the resource bases of various national 

systems of innovation highly influence their patterns of innovation”.  This is 

presumably true of all systems of innovation.  The composition of these resources has 

been influenced by a number of sources including the thesis (Sections 5.8.4 and 6.5.9), 

Coleman (1988), Porter’s (1990) factor (input) conditions, and of course, the factors of 

production from neoclassical economics.   

 

The question is how does one best classify and breakdown these resources – to create 

the most comprehensive yet still parsimonious list of resources.   

 

Inputs “are all the materials and resources used in the production of goods and services” 

(Miller & Shade 1980: 54).  Thus, inputs into systems of innovation are all the materials 

and resources used in the production of technological innovations.  Resource inputs into 

systems of innovation are determinants of innovation.  How can these inputs be 

characterised and measured?  As outlined in the literature review (Section 2.2) the 

traditional inputs or factors of production are land, labour, capital and enterprise.   

 

The proposed agents of production or resource inputs include physical capital (Capital), 

human capital (Labour), natural resources (Land), social capital and financial capital.  

Institutions could be regarded as an agent of production, which mobilises resources.   

 

Financial capital “is a legal claim to or ownership of a physical asset” and “common 

financial assets are stocks, bonds, money, and government securities” (AmosWEB 

2003).  Financial capital has the potential to be invested to produce physical capital, 

increase human capital, purchase natural resources which can be used to produce goods 

and services.  In other words, it has the potential to be invested in creating technological 

innovations.   

 

What about social capital?  As Coleman (1988: S100-S101) succinctly states  
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… the concept of physical capital as embodied in tools, machines, and other 

productive equipment can be extended to include human capital as well (see 

Schultz 1961; Becker 1964).  Just as physical capital is created by changes in 

materials to form tools that facilitate production, human capital is created by 

changes in persons that bring about skills and capabilities that make them able to 

act in new ways. 

Social capital, however, comes through changes in relations among 

persons that facilitate action.  If physical capital is wholly tangible, being 

embodied in observable material form, and human capital is less tangible, being 

embodied in the skills and knowledge acquired by an individual, social capital is 

less tangible yet, for it exists in the relations among persons.  Just as physical 

capital and human capital facilitate productive activity, social capital does as 

well.  For example, a group within which there is extensive trustworthiness and 

extensive trust is able to accomplish much more than a comparable group 

without trustworthiness and trust. 

 

Social capital in the family and in the community, for example, assists in the formation 

of human capital in the next generation by reducing the probability of students dropping 

out of high school (Coleman 1988).  Coleman (1988: S119) identifies three forms of 

social capital “obligations and expectations, which depend on trustworthiness of the 

social environment, information-flow capability of the social structure, and norms 

accompanied by sanctions”.  Therefore, social capital is deeply embedded in the notion 

of institutions and is largely created by the institutional environment. 

 

The value of adding social capital into a resource framework for inputs in to innovation 

systems is that it allows the relations among elements of the system to be included at 

both the individual and organisational level.  At an organisational level informal 

relations are most likely through specific individuals but more formal relations are 

bedded down between organisations through strategic alliances often underpinned by a 

legal agreement.  These can include R&D, joint venture, technology licensing, 

manufacturing and marketing agreements.  Thus, the social capital pertaining to an 

organisation whether based on informal or formal relations can potentially be measured 

through: 
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- the social capital of individuals in the organisation;  

- the transactions that occur through the relationship including the exchange of 

people, money, intellectual property, and other assets; and 

- other less tangible forms of reciprocity, such as mutual support to lobby for a 

specific standard to be adopted by government agencies. 

 

The issue of measuring social capital of organisations needs to be carefully investigated.  

This means that to include the last two points in a concept of social capital is 

scientifically untested and requires validation. 

 

Social capital may provide a part measure of intangible assets (e.g. goodwill) of firms 

which up to now have been difficult to measure.   

 

A simple analogy might help to conceptualise how these resource inputs work.   

 

Universities are an important source of knowledge required for generating technological 

innovations both in terms of human capital but also scientific discoveries (such as made 

obvious by the rise in patenting in biotechnology).  In our survey, public funded 

organisations were the source of 53% of patented inventions.   

 

Given that universities are an important source of innovation in terms of human capital 

and the research it undertakes, how can a university’s input into a system of innovation 

be measured in a fulsome way, and which could be extended to all forms of input into 

innovation systems.  The university is an organisation which guides the use of its 

resources to fulfil its function of training students and generating new knowledge 

through its research.  In other words, a university generates, diffuses and uses 

knowledge.  What resources does it mobilise?  First, it organises its staff and students, 

its human capital.  But in order to mobilise its human capital, it requires financial 

capital, especially to pay its staff, and physical infrastructure – buildings, computers, 

telephones, laboratories and their instruments - i.e. physical capital.  For a university’s 

staff to be able to undertake their work effectively, they require networks of contacts 

including scientific colleagues, business contacts and also their social networks of 

friends and family. In other words, a university’s human capital cannot function without 

its social capital.  Overall, for a university to perform its task, it needs to mobilise its 



 

 

332

human, financial, physical, and social capital.  The university generates, diffuses and 

uses knowledge and in that process it occasionally develops inventions, which can 

become technological innovations.  This analogy could be extended to a system of 

innovation and its institutions.  

 

Firms can be regarded in a similar vein except that their main function is to generate a 

profit, usually from the sale of its products and services.  Firms mainly use knowledge 

in the heads of its employees (Kline & Rosenberg 1986) and embedded in its routines 

(Nelson & Winter 1982: 14)46 and accesses knowledge being diffused, and occasionally 

will create knowledge (as outlined in Kline and Rosenberg’s chain-link model of 

innovation, Appendix 10.3).  Sometimes firms will undergo an organisational change in 

order to improve its use, diffusion and creation of knowledge.  Sometimes, out of these 

activities, firms will create technological innovations.  Cooper (1993) estimated that by 

1995, US firms would derive 52% of company sales and 46% of company profits from 

products created in the previous five years i.e. from recent technological innovations.  

Thus, the proportion of a firm’s output of products and services that derive from recent 

technological innovations, determine its profitability.  In particular, this would be the 

situation for firms producing high technology products and consumer goods.  Firms 

through their organisations mobilise resources to create technological innovations.   

 

In conclusion, the proposed resource framework to measure inputs into innovation 

systems includes human, financial, physical and social capital, and natural resources.  

There is an underlying assumption that capital can be measured in monetary terms, 

which raises a number of empirical challenges (e.g. Laroche, Merette & Ruggeri 1999) 

which will not be addressed here.   

 

Therefore, the ability of a system of innovation to generate, diffuse and use knowledge 

is dependent on the available resources and its firms, its institutional framework and the 

available market for the innovations generated.   

                                                 
46 Routine is defined as “all regular and predictable behavioral patterns of firms” (Nelson & Winter 1982: 

14).  They include “well-specified technical routines for producing things, through procedures for hiring 

and firing, ordering new inventory, or stepping up production of items in high demand, to policies 

regarding investment, research and development (R&D), or advertising, and business strategies about 

product diversification and overseas investment” (p.14). 
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7.4.6 Knowledge as a measure of the function of innovation systems 

 

Given these inputs, how does one measure the functioning of innovation systems?  The 

proposal is to measure the functioning of innovation systems is estimated by how well 

the system creates, diffuses and uses knowledge.  Most attempts to measure knowledge 

for a whole system came under the umbrella of measuring knowledge-based economies.  

Most of these are compilations of statistics which have been depicted by Trewin (2002: 

11) as 

 

“descriptive frameworks”, the majority are implicit rather than explicit 

frameworks.  That is, the framework is defined in terms of the statistics it 

presents rather than being derived on the basis of theory or empirical evidence. 

 

This includes reports on knowledge-based economies by the OECD (1999c; 2001c), the 

Australian government (Department of Industry Science and Resources 1999).  Trewin 

(2002) created a theoretical framework with five dimensions to assess the knowledge-

base of Australia’s economy.  These dimensions are: 

- innovation and entrepreneurship; 

- human capital; 

- information and communications technology (ICT); 

- context which includes macroeconomic, social, cultural, market and political 

factors,  

- economic and social impacts which deals with the effects on the economy and 

society of an increased emphasis on, and use of, knowledge. 

 

These dimensions each contain a series of proposed indicators of knowledge.  The 

framework does not adopt an input-output model to assess the effectiveness of a 

knowledge-based economy.  However, the proposed necklace model for innovation 

systems does in order to assess the effectiveness of such systems in generating 

technological innovations.   
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7.5 NECKLACE MODEL FOR SYSTEMS OF INNOVATION 

 

Every advance in a science takes us further away from the crude uniformities which are 

first observed into a greater differentiation of antecedent and consequent, and into a 

continually wider circle of antecedents recognized as relevant.  

Bertrand Russell (1918: 188) 

 

The necklace model encapsulates a synthesis of the thesis, especially as it relates to 

innovation systems.  This can be viewed as a conceptual model which allowed the 

collected indicators to be organised and logically grouped.  The scope of this model is 

very wide, and the component parts require extensive work so that they can be brought 

together to create a coherent and comprehensive theory.  In order to examine the 

performance of innovation systems, the classification of each performance indicator 

should be compatible, for example, all being valued in monetary terms.  The indicators 

were often chosen as pointers for future research to advance the systems of innovation 

approach, rather than necessarily being regarded as the best measure for a model 

component.   

 

The following sections outline a serious of measures to assess systems of innovation.  

Indicators for investigating institutions have been described above in Table 7.3. 

 

The aim was to develop a series of instruments that could be used for measuring 

determinants of innovation including the inputs and the functioning of innovation 

systems.   

 

Wherever possible a systems denominator is described, so that the data can be used for 

assessing the effectiveness, and hence, the economic impact of innovation systems.  The 

criteria by which to measure the effectiveness of any innovation system would have to 

be on the economic impact of the technological innovation, and through comparisons 

with other innovation systems.  Detailing these criteria for effectiveness is an important 

issue for further study. 
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These measures might be used in empirical studies or government initiated surveys, by 

scientists or policy makers.  The aim was to obtain data at the lowest possible level of 

aggregation, usually the organisation, especially individual firms.  Some reports even 

suggest that such information should be collected at the business unit level especially 

for large corporations (Cooper & Merrill 1997).  As the OECD (2000b: 121) write 

 

For the economy as a whole it is often difficult to establish a clear link between 

an indicator of technology effort and productivity growth for a number of 

reasons …. First, innovative effort and productivity may be measured 

incorrectly.  Second, there may be a lag between innovative effort and its 

translation into productivity gains.  Third, it is difficult to disentangle the impact 

of technology from other factors that affect productivity.  Finally, a large part of 

economy-wide productivity gains are due to the diffusion process. 

 

Thus, by measuring such information at the level of individual firms over time, will 

mean that the following are measured more accurately, including: 

- innovative effort and productivity gains;  

- the lag between innovative effort and its translation into productivity gains; 

- technological changes which will be more readily disentangled from other 

factors that affect productivity, including changes in organisations and their 

human capital; and 

- the diffusion of technology into firms and their effect on that firm’s 

productivity. 

 

Such data is ideally collected so that it is representative of the system as a whole in 

order for the conclusions to be valid for the whole system.  If analytic studies, 

especially comparative studies, are undertaken, then the sample should be representative 

for each system so that valid comparisons can be made.  These data and their 

derivatives can be used in any number of empirical studies, of a descriptive or analytic 

design.  This would enable, for example, the impact of policy instruments to be 

compared between systems, such as a tax incentive.  These measures need to be further 

developed to create a theory of innovation systems.  Such development work will 

require both inductive and deductive methods, as has been done in this thesis.
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Figure  7.4: Necklace model for systems of innovation 

 

The necklace model depicted in Figure 7.4 and its associated measures adopt as basic 

assumptions that: 

- technological innovation leads to economic change, especially growth; 

- the important resources for innovation systems are human, social, financial, and 

physical capital, and natural resources; 

- the interaction between institutions and firms creates, diffuses and uses 

knowledge which plays a central role in the creation of technological 

innovations; and 

- the important institutions in innovation systems include the family, religion, 

education, politics and the economy (Table 7.3). 
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The aim was to design a model of innovation pertinent to the systems of innovation 

approach.  The desire was for it to be simple, flexible, yet comprehensive enough to 

encompass most important aspects of innovation, particularly institutions, and for it to 

represent a sense of the dynamic features along the lines of a coupling model of 

innovation.  In order to develop a generic model for the systems of innovation, a 

number of influences can be identified apart from the results of this thesis.  These 

include previous models of innovation, especially Kline and Rosenberg’s model, the 

EBIS model, and Porter’s diamond and its various modifications (Appendix 10.3).   

 

7.5.1 Validity of indicators (determinants or outcomes) in the necklace model 

 

This section is examining indicators which either represent determinants of innovation 

or outcomes such as technological innovation.  Generally there is no assessment made 

as to how scientific, robust or comparable these indicators are.   

 

In order to develop a theory for systems of innovation, the scientific evidence needs to 

be grounded in empirical research which demonstrates a strong causal or correlation 

relationship between the indicators deemed to be determinants and technological 

innovation.  Furthermore, this must be measurable at the systems level.   

 

For an indicator to be robust and useful over the longer term means that it must be 

strong in its effect, and ideally resilient to system level changes.  In some areas of 

innovation systems there may be a number of multi-variant factors operating, especially 

as elements of innovation systems are very interdependent, in which case a composite 

indicator might be more robust.  However, the creation and validation of composite 

indicators is beyond the scope of this chapter.   

 

The comparability requirement is challenging in a different way, given the variations of 

economies, industries, culture, and innovation systems across countries and the world.  

A number of indicators which are valid within countries, or between countries in a 

similar region such as Europe, may not be as relevant or reliable across the globe. 

 



 

 

338

The quality of indicators whether determinants or outcome can be assessed in terms of 

its validity and reliability.  Validity “describes the extent to which an instrument 

measures what it is supposed to measure” (Cumming 1998: 422).  This can be 

investigated four ways (Cumming 1998: 423): 

- face validity is “the degree to which an instrument looks as if it will measure 

what it was designed to measure”; 

- content validity is “the degree to which an instrument covers the full range of 

items that make up whatever it is that is being measured”; 

- criterion validity is “the extent of agreement between the instrument used in a 

study to measure an attribute and some ‘gold standard’ measure of the same 

thing”; 

- construct validity is “the extent of agreement between the study instrument and 

other instruments that are supposed to be measuring the same thing”. 

 

Reliability “describes the ability of an instrument to produce the same results when used 

repeatedly on the same person [or organisation] under the same circumstances” 

(Cumming 1998: 422).  Reliability in measurement means that any variation in value is 

true variation not due to random error. 

 

Most indicators or determinants discussed in this chapter appear to have face validity 

but have not been assessed as to their content, criterion or construct validity.  Nor have 

they been assessed as to their reliability.   

 

7.5.2 Institutions and their organisations: the clasp of the necklace model 

 

Institutions play a central role in innovation systems as concluded in Section 7.4.2.  

Institutions enable anonymous trustworthy exchange, develop human capital, transmit 

culture, preserve, create and transmit knowledge, and shape demand for technological 

innovations.  Robust institutions are efficient at adaptation, and therefore, enable 

systems of innovation to adapt to change.  Institutions by guiding human interaction 

shape the environment in which innovation occurs.  For these reasons institutions have 

been located as the clasp of innovation systems – institutions hold everything together.   
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Important institutions include all those traditionally described by sociologists, namely 

family, religion, politics, economics, and education.  The institutions of an innovation 

system mobilise resources to create, diffuse and use knowledge in order to generate 

technological innovations.  

 

For example, in order to generate new knowledge or “new science” (Kline & Rosenberg 

1986) requires the mobilisation of resources such as human, financial, physical and 

social capital, primarily guided by organisation such as universities and firms. 

 

Demand is an important issue in innovation, without a market there is no technological 

innovation.  Demand is largely shaped by institutions such as through: 

- government regulation and policies on government procurement and product 

registration; 

- culture and media which help define a products social acceptability (Senker et 

al. 2001); and 

- training of potential users and shaping their organisations, such as, for 

example, academic physicians and health services. 

 

Various institutional indicators, examining both formal and informal constraints and 

enablers have been depicted in Table 7.3. 

 

7.5.3 Details of resource inputs into the necklace model for innovation systems 

 

The five proposed inputs into innovation systems include human, financial, physical 

and social capital, and natural resources.   

 

From the survey of medical inventors, we found that human capital was very important 

with most (89%) medical inventors having a tertiary degree including 53% holding a 

doctorate.  One quarter of medical inventors are clinicians, most (20%) are academic 

physicians.   

 

Measures of human capital are outlined in Table 7.4.  It adopts a life course perspective 

on human capital assuming that each investment by society from conception to birth to 
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adulthood, leads to the human capital in adulthood - the lifeblood of innovation 

systems.  Most of the literature examines the innovation heroes in adulthood whether 

they are entrepreneurs (Schumpeter 1942), innovators (von Hippel 1988), inventors 

(Jewkes, Sawers & Stillerman 1962; Amesse et al. 1991), R&D managers or company 

CEOs (Collins & Porras 1994).  However, their human capital does not magically 

appear in adulthood.  Thus, from a systems of innovation viewpoint not only does one 

need to study technological trajectories but also the knowledge trajectory embodied in 

human capital and acquired through a lifetime of learning.  As described in Section 

7.4.3, invention can be regarded as the collision of these two causal pathways, of the 

technological and the human. 

 

When examining human capital inputs into a system of innovation: should one be 

looking at the distribution of human capital in the whole population or only of those 

individuals considered to be important to the specific innovation systems?  This is a 

difficult question to answer, especially for sectoral or technological innovation systems.  

However, for national or regional innovation systems, they encompass complete 

populations, and would draw on the whole population.  Thus, the stock of human capital 

in that nation will have an impact on the performance of the national innovation system.  

The stock of human capital is the sum of all learning by all individuals.  It follows that a 

lifetime perspective on human capital would seem an obvious approach to take as 

outlined in Table 7.4.   

 

However, when examining the medical technological innovation system which looks at 

the “development, diffusion and use of medical technological innovations”, the interest 

would be to examine current human capital in medical industries, universities, 

government laboratories, health departments – organisations directly influencing 

medical technological innovations.  The inventors of these innovations, as the survey of 

medical inventors has shown, are in the main scientists, physicians and engineers.  In 

this context it would make sense to examine the “No. of scientists, engineers and 

physicians” working in industry or undertaking research but not necessarily measure 

human capital for the whole population extending back to childhood.  However, such 

measures of human capital are inputs into the innovation system, whichever is being 

studied.   
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Table  7.3: Human capital as a resource input into systems of innovation 

Stage of life Human capital performance measures 

Early childhood Infant survival/mortality 
Measure of school 
readiness 

Early Development Instrument (EDI)a 

Educational investment % of GDP spent on education 
Educational 
participation 

Enrolment in primary, secondary, tertiary education per 1,000 
peopleb 

Educational attainment Child and adult literacy and numeracy surveysc 
 Educational attainment per 1,000 people (secondary school 

completion, vocational certification, tertiary graduation including 
masters degrees and PhDs) 

 Educational attainment of managers in business (e.g. percent of 
managers with degrees)d 

 Entrepreneurial expertise of managerse 
Workforce No. of full-time equivalent persons employed in the labour forcef 
 Measures of on structured training in the workforce:g 

- expenditure per employee ($) 
- training per employee (hours) 
- proportion of employers providing training (%) 
- proportion of total payroll spent on structured training 

(%) 
 R&D personnel per 1,000 people classified by: 

- organisation type e.g. business, public research 
organisations  

- personnel type e.g. scientist, engineer & physicians 
 Human development index (UN Development Program)h 
Role of women Female:male labour force participation ratiob 
 Gender empowerment measureb 
 
a see 

http://www.founders.net/ey/communities.nsf/0/7b7ecca25d919a3c85256603007957da?OpenDocument 
[26 June 2003] 

b see the Global Entrepreneurship Monitor (Reynolds et al. 2001) 
c see (Binkley, Matheson & Williams 1997) 
d see (Industry Task Force on Leadership and Management Skills 1995: 70) 
e see (Industry Task Force on Leadership and Management Skills 1995: 111) 
f see Furman et al (2002: 911) 
g see http://www.ncver.edu.au/statistics/aag/aus2000/aus2000.pdf (p.24 [21 October 2003]) 
h see http://www.undp.org/hdr2003/indicator/index_indicators.html [24 July 2003] 
 

Infant mortality may not seem directly related to systems of innovation particularly 

national ones.  However, arising out of the discussion above (Section 7.4.2), early 

childhood is an important determinant of human capital and infant mortality is an 

indicator representing the living conditions of children in early life.  Out of all the 

factors that were examined to predict a nation’s imminent collapse, infant mortality was 

the most reliable predictor (Goldstone, Gurr, Harff, Levy, Marshall, Bates, Epstein, 

Kahl, Surko, Ulfelder & Unger 2000).  Thus, there is an intimate link between the 

failure of political institutions and a nation’s capacity to look after the health of its 

people.  Equally the reverse is true.  Infant survival is related to the quality of political 
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institutions (e.g. Halstead, Walsh & Warren 1985).  Low infant mortality, suggests good 

living conditions for children in their first year of life, thereby maximising their brain 

growth, and their learning potential, and thus, their human capital (Keating & Miller 

1999).   

 

The fundamental assumption underpinning Table 7.4 is that a life course perspective on 

human capital is essential and that systems of innovation will perform better if they 

maximise their human capital by attaining: 

- higher average and flatter social gradients in educational attainment; 

- higher infant survival, and particularly, higher overall scores on instruments 

measuring school readiness, for example, the early development instrument 

(EDI); 

- higher rates of training in the workforce, in both the private and public sector; 

- higher R&D personnel per capita, especially in business; 

- a feminisation of the labour force and equal gender empowerment (leading to 

higher levels of emotional intelligence in the workforce and better productivity 

per hour worked). 

 

Trewin (2002: 24-25) outlines a more comprehensive list of indicators for human 

capital mainly for adults under the following headings: 

- stock of skilled people; 

- flow of skilled people including emigration and immigration of skilled adults; 

- investment in human capital by the individual, private schools, government and 

business; and 

- lifelong learning and access to education and training including, for example, 

per capita visits to public libraries. 

 

Outside human capital, innovation systems need financial, physical, and social capital 

and natural resources as inputs to work (Table 7.5).  Our survey of medical inventors 

and a multitude of previous studies have shown that access to financial capital is a 

crucial aspect of generating technological innovations.  Financial capital for inventors 

came from a number of sources including personal finances, organisation where the 

invention arose, the employer organisation, R&D tax concession, government programs 

and the industry partner (Table 10.19, Appendix 10.10).   
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Table  7.4: Other resource inputs into systems of innovation  

Data for individual organisationsa System level 
denominator 

Financial capital  
Financial assets % of GDP 
Financial providers and the amount of finance supplied per organisation with 
the providers classified into e.g. firm, user or supplier company, other 
company, parent firm, venture capital firm, individual, government etc. 

 

No. of informal investors (e.g. business angels)b /100 adults 
Venture capital investmentb % of GDP 

Physical capital (Capital)  
Information and communication technology (ICT) indicators: 

- information and technology expenditureb 
- computer power per capita (millions of instructions / second [MIPS])b 
- personal computersb 
- internet hostsb 
- science journals of high impact available online 
- back issues of science journals of high impact available electronically 

 
% of GDP 
/1,000 people 
/1,000 people 
/10,000 people 
% of journals 
average No. years

R&D & production facilities, buildings, vehicles, company libraries etc. % of GDP 
Social capital  

Mobility of professionalsc  
No. of collaborations classified by: 

- purpose of collaboration e.g. R&D, distribution; 
- type of agreement e.g. development, licensing, joint venture, 

manufacturing, distribution, marketing, supply; 
- organisation type e.g. company, research organisation, venture 

capital companies; and 
- location of collaborator i.e. regional, domestic, or overseas 

/100,000 people 

Social capital measures of:d 
- informal networks within family, among friends and neighbours; 
- formal networks in non-group based civic relations (e.g. good 

deeds), group-based relations (e.g. associations), work-based 
relations and institutional relations (e.g. with government agencies); 

- quality of social relations: norms of trust and reciprocity e.g. civil 
liberties index 

 

Natural resources (Land)  
Environmental and natural-resource accounts (e.g. Nordhaus & 
Kokkelenberg 1999) 

 

 
N.B. in brackets are the traditional factors of production (see Section 2.2) 
a enables the analysis to be undertaken at the micro, meso and macro level as outlined in Table 2.3 above 

with organizations classified by innovation system using the system level denominators 
b see the Global Entrepreneurship Monitor (Reynolds et al. 2001) and for a comprehensive list see (Trewin 

2002) 
c see Rappa (1994) as quoted by Carlsson (2002a: 29) with increased mobility of professionals being a 

possible indicator of a greater diffusion of their knowledge 
d mainly Stone (2001) but see also Aron (2000) and Putnam (2000) 
 

The assumption underpinning the indicators of resource inputs into innovation systems 

is that increases in technological innovation and subsequent economic growth will be 

associated with, for example: 
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- increased number of informal investors and degree of venture capital 

investment; 

- increased ICT access and use by individuals, households, schools and businesses 

(e.g. OECD 2000a); and 

- evidence of higher numbers of collaborations, higher measures of social capital 

including trust in society and industry. 

 

Natural resources and primary industries appear to be less of a focus of research than 

the high technology sector, especially given the increasing profitability of high 

technology goods.  However, resource intensive economies such as Australia, Canada 

and Finland have done extremely well economically from their primary industries 

(OECD 2000b).  As shown in the literature review (Section 2.10), primary industries are 

still responsible for 52% of Australia’s export income in 2000.  There have been 

attempts to include natural resources in national economic accounts but there are 

enormous challenges still to be faced (Nordhaus & Kokkelenberg 1999).  

 

Institutional knowledge is embodied in human capital (e.g. knowledge of culture) and 

codified in physical capital (e.g. legislation, and court rulings).  Most formal constraints 

would be documented on physical capital such as books or websites or compact discs on 

company law. 

 

By measuring all the inputs using the above resource framework may provide a 

beginning of ultimately being able to measure the effectiveness of innovation systems in 

developing technological innovations. 

 

7.5.4 Process indicators for necklace model of innovation systems 

 

The process measures for the necklace model are estimating how the innovation 

systems generate and diffuse knowledge (Table 7.6).  One cannot hope to measure all 

knowledge in society but here the focus is primarily on knowledge of economic 

relevance.  The composition of such knowledge would vary between innovation 

systems whether national, sectoral or regional. 
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The desire to generate knowledge might be a potential predictor of a company’s 

innovation potential beyond its direct investment in innovation (Table 7.6).  The study 

by Collins and Porras (1994) demonstrates how the vision of company founders had a 

significant impact on company culture and ultimately on their ascendancy to becoming 

world leaders.  The study examined companies like Sony and Johnson & Johnson. 

 

The depicted measures of knowledge generation in Table 7.6 are well established 

(Trewin 2002).  The exception is research into trade secrets47 which by its nature is 

usually not available publicly.   

 

Rickne (2002, cited in Carlsson et al. 2002b)48 proposes to measure technological (and 

scientific) diversity as this may reflect the growth potential of technological systems, 

such as biomaterials.  The reason being that technological diversity “reflects the 

robustness of the system to the outcome of a selection process, and consequently, its 

growth potential” (Carlsson et al. 2002b: 243).  This is an interesting notion and needs 

to be tested.  Biomaterials products such as artificial pancreas and pacemakers involve 

technological diversity in their creation.  However, such diversity may not necessarily 

reflect market potential.  For example, a therapeutic protein from the biotechnology 

industry, may just represent one area of technology and encompass no technological 

diversity, yet may have far greater market potential than an artificial pancreas.   

 

Increasing technological diversity may reflect the maturing of a company or industry or 

technological system, though most long-lived large companies tend to stay within a 

tightly defined range of technologies.  As Patel and Pavitt (1997: 149) have found 

“more than 90% of [the 440 world’s largest] firms have profiles of technological 

competencies that are statistically similar” after comparing their technological profiles 

between 1969-74 and 1985-1990. 

 

Table  7.5: Indicators of knowledge generation and diffusion for individual 

organisations in innovation systems 

                                                 
47 Trade secrets have been defined as “a confidential practice, method, process, design, or other 

information used by a company to compete with other businesses” (2003)  
48 I was unable to find a reference to technological diversity in the original reference (Rickne 2002) 
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Data for individual organisationsa System level 
denominator 

Desire to generate knowledge  
Business Expectations Surveyb  

Generation of knowledge  
R&D expenditure (total, business, public; internal & external to 
organisation) 

% of GDP 

Expenditure on non R&D innovation % of GDP 
No. of provisional & complete patent applications /100,000 people 
No. of granted patents (inc. submarine and those granted domestically, in 
the US and triadic nationsc) 

/100,000 people 

Scientific and technical journal articles /100,000 people 
Technological diversity e.g. No. of technological fieldsd  
Trade secrets  

Diffusion of knowledge  
Total entrepreneurial activity indexe (necessity & opportunity based 
entrepreneurship) 

 

GEM technology transfer index (Reynolds et al. 2001: 29)  
No. of science parks and No. of their employees /100,000 people 
Royalties and license fees % of GDP 
Mobility of professionalsf  
No. of collaborations classified by: 

- purpose of collaboration e.g. R&D, distribution; 
- type of agreement e.g. development, licensing, joint venture, 

manufacturing, distribution, marketing, supply; 
- organisation type e.g. company, research organisation, venture 

capital companies; and 
- location of collaborator i.e. regional, domestic, or overseas 

/100,000 people 

No. of phase II, III and IV clinical trials /100,000 people 
No. of products receiving regulatory acceptance by government authorities 
(e.g. with the TGA or FDA) 

/100,000 people 

Science and technical journals subscriptions % of GDP 
 /100,000 people 
Science and technical journals online – volume of downloaded documents Megabytes/capita 
 /company 

 
Ideas from Rickne (2002), Table 2.1 (Carlsson et al. 2002a: 28) and (Reynolds et al. 2001: 28-30) 
a enables the analysis to be undertaken at the micro, meso and macro level as outlined in Table 2.3 above 

with organizations classified by innovation system using the system level denominators 
b e.g. from the Australian Bureau of Statistics, for an overview see 

http://www.sch.abs.gov.au/SCH/A1610103.NSF/0/5E09F0AC9F5E39CBCA2566BA000A5AF8?OpenDoc
ument [21 July 2003] 

c patents granted in the US, Japan and the European Union (OECD: 26). 
d see Carlsson et al (2002b: 243) saying that this indicator “is less conventional.  There is often a large 

uncertainty regarding which of a whole range of technological approaches will succeed in reaching the 
market in an immature system…  Technological (and scientific) diversity may, therefore … presumably 
reflect[-] … its growth potential.”   

e see the Global Entrepreneurship Monitor (Reynolds et al. 2001) 
f see Rappa (1994) as quoted by Carlsson (2002a: 29) with increased mobility of professionals being a 

possible indicator of a greater diffusion of their knowledge 
 
 

Next are the measures for the diffusion of knowledge.  As Stevens (1996: 8) writes  
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The diffusion of knowledge is as important for economic performance as the 

creation of new knowledge ... The success of enterprises, as of national 

economies, is determined by their effectiveness in gathering and using 

knowledge and technology … [through] learning-intensive relations … 

knowledge networks … [however] it is more difficult to trace the diffusion of 

ideas and know-how in an economy. 

 

The diffusion of knowledge section encompasses measures of structures meant to assist 

in technology transfer or knowledge diffusion such as science parks.  Given the 

enormous time taken for developing products for the medical market, particularly in 

undertaking clinical trials and gaining regulatory approval, Rickne (2001, cited in 

Carlsson et al. 2002b: 243) recommended two interim measures of commercialisation 

or “ ‘closeness’ to market exploitation”.  First, was to assess whether government 

regulatory bodies had granted approval for human use.  Second, as most new 

technology-based firms require access to a distribution network, Rickne argues for 

measuring the number of distribution licenses and partners.  Businesses go into 

partnership for a number of reasons, not just for distribution of their products, hence, 

this may be a much more tenuous measure of closeness to market exploitation, which 

requires further evaluation.   

 

Diffusion of knowledge could include subscriptions paid to science and technology 

journals and value of downloaded material from websites of scientific journals or 

bibliographic databases. 

 

Finally, there is a general lack of measures about the generation and diffusion of artistic 

or creative knowledge, for example, number of novels and paintings sold per capita, 

number of films seen per capita.  There is a strong influence of artistic imagination on 

scientific creativity, for example, Gustav Klimt’s influence on Schumpeter (Andersen 

1991).  Throughout history there has been a cross-fertilisation of ideas between art and 

science.  These ideally would be incorporated in measures of knowledge generation and 

diffusion. 
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7.5.5 Technological innovations and other measures of knowledge use in the 

necklace model 

 

The indicators of economic use of knowledge for systems of innovation incorporate: 

- outcomes for systems of innovation, namely, technological innovations; 

- firm-based indicators including new company formation, portion of 

population employed, sales, exports, profits etc.; and 

- invention-based indicators with number of patents per capita as denominator 

for estimating measures. 

 

There is no exact definition of knowledge that is being put to economic use.  For 

example, firm creation is a form of knowledge use before any product is sold.  Does 

economic use of knowledge only occur if the knowledge is used in a process or product 

and product sales have resulted as a consequence? 

 

The knowledge performance data is often collected at the aggregate level mainly for 

nations, and the real challenge is to collect this data at the level of individual 

organisations and then to analyse this data at the technological or sectoral or national 

level.  In other words, in order to examine technological innovation systems within a 

nation, all these data need to be categorised by the same technological or industrial 

classification system.   

 

Ideally the current innovation statistics (e.g. Australian Bureau of Statistics 1994) 

related to industry would all be collected and compared at the level of the individual 

firm. 
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Table  7.6: Indicators of knowledge use in systems of innovation 

Data at level of individual organisationsa System level 
denominator 

Technological (process and product) innovations in the last 3 yearsb  
- No. /company 
- sales (domestic) % of GDP and  

% of total sales 
- exports % of GDP and  

% of total exports 
No. of start-up firms and new businessesc % of companies 

- source e.g. university or company spin-off  
Company based indicators: 

- number of companies 
- employmentd 
- sales including exports, government procurement, market shared 
- income, expenses, and profitd 
- assets and net worthd 
- annual growth in terms of employment, sales, profitability, & net 

worth 
- stock value, market capitalisation 
- growth aspirations in 5 yearsc (i.e. No. of new jobs) 
- No. of spin-offs, takeovers, mergers and acquisitions 
- origin e.g. university or company spin-off or independently 

established 
- degree of foreign ownership 
- age and survival ratee 
- bankruptcies 
- public listing on stock market (including initial public offerings) 

 
/100,000 people 
/100,000 people 
% of GDP 
% of GDP 
% of GDP 
 
% change 
% of companies 
% of companies 
/100,000 people 
% of companies 
 
% of companies 
% of companies 
% of companies 
% of companies 

International transactions including direct investment, investment 
income, portfolio investment, trade in services, and technological trade 

 

High-technology exports & imports: 
- % change in last triennium 

% of 
manufactured 
exports 

Invention based indicators e.g. through survey of inventors on patents:  
- source of invention 
- proportion becoming technological innovations 
- method of commercialisation (e.g. % licensed, start-up 

company, in-house) 

% of patents 
% of patents 
% of patents 
 

- sites of commercialisation (e.g. countries, regions) 
- sales & exports (as above for technological innovations) 

% of patents 
% of patents, 
% of GDP, and 
% of total sales 

- (N.B. number of patents per capita as denominator for above 
invention-based indicators) 

(/100,000 people 
and % of GDP) 

 
Ideas from Rickne (2002), Table 2.1 (Carlsson et al. 2002a: 28) and (Reynolds et al. 2001: 28-30) 
a enables the analysis to be undertaken at the micro, meso and macro level as outlined in Table 2.3 above 

with organizations classified by innovation system 
b see Oslo Manual (OECD 1996b: 81) 
c see the Global Entrepreneurship Monitor (Reynolds et al. 2001) 
d see (Australian Bureau of Statistics 2001a) 
e indicates the stability of new firms and means where a company continues to exist as an organisational 

unit, either as “an independent firm owned by the founder or as an acquired company with an external 
owner” (Rickne 2002: 154). 
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To collect such data at the level of individual organisations is a Herculean task.  The 

only way this could occur is in all likelihood through government statistical 

organisations such as Statistics Canada or the Australian Bureau of Statistics.  They 

have the legislative clout to compel organisations to participate in a census and other 

surveys, for example, the innovation survey of Australian manufacturers (Australian 

Bureau of Statistics 1994).  This ensures a high response rate and reduced risk of a 

response bias.  Moreover, they have stringent laws governing disclosure of information, 

and therefore, embody a high level of trust.  The challenge is in releasing such data to 

researchers, at the level of individual organisations without compromising an 

organisation’s confidentiality.  Maintaining the confidentiality of that information 

would ensure companies continue to support such endeavours by government.  Any 

major breach of privacy could seriously undermine such efforts as companies would 

quickly and forcefully lobby to prevent future data collections. 

 

The other issue with regard to outputs from innovation systems is what denominator to 

use.  In the 1990s, a number of countries (Belgium, France, Norway and West 

Germany) have surpassed the US in terms of GDP per hour worked, however their GDP 

per capita remains lower, as their utilisation of labour is lower (OECD 2000b: 12).  This 

raises the issue of measuring the value of technological innovations as a percentage of 

total GDP, GDP per capita or GDP per hour worked.  The best indicator of the 

effectiveness of an innovation system to my mind would be the value of technological 

innovation as a function of GDP per hour worked. 

 

Furthermore, as Forrest (1991: 447) writes, “many models also fail to take into account 

the post-innovation stage after the product has reached the market”.  The outcome for 

innovation systems sometimes looks at technological innovations within the last three 

years, so it does take three years post-innovation into view – however, others examine 

firm-based innovations within the previous 5 years (e.g. Cooper 1993).  Such an 

examination would incorporate product life cycles and the experience or learning curve 

of firms encompassing product modifications, changing market needs, response to 

competition and next-generation product development (Forrest 1991).   
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 Environment external to the system of 

innovation e.g. international (international trade 
agreements, blocs, & organisations e.g. OECD, WTO) or 
supra-sectoral or other technological system 
 

  

      

    

Institutions  
and their 

organisations 
    

      

      

Resources 
  Technological 

innovations 
As measured on 
macroeconomic denminators 

Human capital 
Physical capital  
Financial capital  
Social capital 
Natural resources 

 
 
 

Knowledge 
in the 
system of 
innovation 

 

(family, religion, education, 
politics, economics) 
Policy and regulation in industry, 
competition, taxation, innovation, 
education, health & social 
welfare, e.g.: 
- government procurement 
- evidence based policy e.g. 

Cochrane/Campbell 
Culture as defined by: 
- level of trust 
- quality of media including 

degree of interference 
- investment in innovation-

related activity (e.g. start-ups, 
R&D) 

- opportunity entrepreneurship 
- lobbies such as BINGOs, 

PINGOs, PrINGOs 
Shaping demand through: 
- lobbies, government 
- customers or users (e.g. 

clinicians, consumers, firms, 
retailers, health services) 

See Table 7.3 for further 
measures 

 

  

  

     

 

Firms and supporting 
industries 

   

    

  

  

Firms desire for excellence 
Local presence or ready 
access to suppliers and 
related companies 
Presence of clusters for 
specified industries 
Service industries inc. patent 
attorneys, venture capital 
companies 

  

 

       
 
BINGOs = Business interest non-government organisations 
PINGOs = Public interest non-government organisations 
PrINGOs = Professional interest non-government organisations e.g. Australian Medical Association  
 

Figure  7.5: Detail of necklace model for systems of innovation 
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As summarised in Figure 7.5, the measures for assessing the functional determinants of 

innovation in systems of innovation are very broad brush and need to be refined.  

However, the aim is not only to focus on knowledge but also on all the resources 

injected into an innovation system.   

 

7.5.6 Firms and supporting industries 

 

Firms and supporting industries are the final common pathway for technological 

innovations.  In order to assess the output from a system of innovation, the focus would 

have be on the output of firms within the system of innovation.  This requires “data 

about innovating firms and data about innovations they implement” (OECD 1996b: 77).  

The problem is that  

 

for the whole firm it becomes extremely difficult to measure all expenditure for 

its innovations and then to relate it to the financial impacts.  For a specific 

innovation, particularly the most significant innovation of the firm, the problems 

are not so extensive.  Firms are generally able to report the expenditure on their 

most significant innovation, and the associated benefits.(OECD 1996b: 77) 

 

The problem with focusing on the most significant or a small number of significant 

innovations of individual firms is that this approach will not be able generate data 

representing all innovations within a system.  In the systems approach the question is 

are we interested in all innovations or just the most significant subset?  One way around 

this is to select perhaps the three most important innovations for firms within an 

innovation system and then sample a representative number of firms within each sector 

of the systems and attempt the measure all innovations for that firm.  This would then 

provide data for estimating the amount of data on innovation being missed by the 

survey. 

 

In the survey of medical inventors, not only are international linkages important but also 

the formation of clusters especially in high technology medical industries.  Our data 

suggests that the medical industry in Australia resides in clusters of co-located 

universities and companies in Sydney, Melbourne and Brisbane which incorporate 
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prolific assignees, prolific inventors and medical CRCs.  Such cluster formation is 

consistent with findings of Porter (Porter 1990; Furman, Porter & Stern 2002), Rickne 

(2002) for biomaterials firms, and Shaw (1985; 1993) and Biemans (1991) for medical 

device industries.  However, as outlined in Appendix 10.3 the formation of domestic 

clusters is not important for certain features of resource intensive economies such as 

Australia, New Zealand, Canada and Finland. 

 

7.5.7 Environment external to a system of innovation 

 

The environment external to an innovation system can influence all aspects of a system.  

This includes the system’s resources, institutions and firms, and demand for 

technological innovations.  Therefore, all four components of the necklace model 

extend into the external environment.  These external linkages will vary in intensity 

between innovation systems.   

 

In terms of human capital, there is increasing international exchange at the level of 

schools, tertiary education and business.  These influence the development of a system’s 

human capital base.  In medicine for example, most academic or specialist physicians 

are encouraged to go overseas for a time to undertake further academic or clinical 

training.   

 

This thesis has also demonstrated the importance of international linkages in developing 

patents and in generating technological innovations.  The description of medical patents 

showed that international collaboration on patents was seen on 32% of medical and 

19% of non-medical patents, with either an inventor or assignee from overseas.  

Medical and non-medical patents had: 

- co-inventors from overseas (21% and 10%, respectively); and 

- assignees from overseas (28% and 16% respectively). 

 

Furthermore, as was demonstrated in the literature review, by incorporating 

international extensions in Porter’s diamond, increased the empirical model’s 

explanatory power (Appendix 10.3).   
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These external linkages or extensions can, for example, be international for a national 

innovation system.  Such an addition is especially relevant for small countries heavily 

dependent on resource-based industries of mining and agriculture e.g. Canada, New 

Zealand and Australia.  It would be fair to assume that such broader analysis may well 

be relevant and explain the success of high technology industries, including for 

example, the success of Australian based Cochlear Pty Ltd in international markets in 

its provision of ear implants.  To estimate the value or validity of the necklace model 

requires extensive testing much in the manner of Cartwright (1993).  Ideally such a 

validation exercise would incorporate a much broader range of variables examining all 

four determinants of innovation (resources, institutions, firms and knowledge).   

 

The environment external to the system of innovation could include: 

- supra-sectoral or other technological system, this thesis, for example, compared 

medical and non-medical patents in Chapter 5, which could be translated into 

the medical and non-medical technological innovation systems; and 

- supra-regional, as Rickne (2002) examined in her study of biomaterials firms in 

three regions, when investigating their strategic partnerships outside their 

regions; 

- international factors such as international trade agreements and blocs, and 

membership of organisations including the OECD and the World Trade 

Organisation (WTO). 
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7.5.8 Conclusion for the necklace model for systems of innovation 

 

The earlier models of innovation incorporated increasingly complex representations of 

the innovation process.  However, the main weakness of these earlier models of 

innovation is that they omitted a full representation of the institutional environment.  

The challenge with current models is to maintain the simplicity in design of earlier 

models while incorporating a more holistic range of influences on the innovation 

process.  Thus, allowing a more parsimonious representation of innovation.  By 

including the institutional environment into our model, maintains the models simplicity 

but increases its explanatory power, especially when comparing systems of innovation 

between disparate sectors, regions or nations.  In particular, it assists in a more robust 

comparison between developing nations and developed countries or indigenous and 

non-indigenous populations within a nation.   

 

Moreover, by extending each of the four components of the necklace model beyond the 

boundaries of the system of innovation, increases its explanatory power.  As Cartwright 

(1993) has shown for Porter’s diamond.   

 

Finally, by outlining a method for measuring specific inputs and designating 

technological innovations on systems level denominators as outputs, may assist the 

process of attempting to measure the effectiveness of innovation systems.  This will also 

help to classify the effectiveness and the relative importance of various determinants of 

innovation.   

 

The criteria by which to measure the effectiveness of any innovation system would have 

to be on the economic impact of the technological innovation, and through comparisons 

with other innovation systems.  Detailing these criteria for effectiveness is an important 

issue for further study. 

 

As a consequence of this work, I submit that the definition for systems of innovation 

should build on that of Edquist (1997a: 14) which defines a system of innovation as “all 
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important economic, social, political, organizational, and other factors that influence the 

development, diffusion, and use of innovations”.  The new definition should be that  

 

A system of innovation includes all institutional factors that mobilise resources 

to develop, diffuse, and use knowledge to create technological innovations.  The 

level of importance of these factors is established by the economic consequences 

of the innovations. 

 

By extending Edquist’s definition of systems of innovation to include the economic 

impact of innovations, not only are the determinants of innovation but also the 

economic consequences of innovations examined simultaneously.   

 

This includes their impact on economic growth.  The process of developing 

technological innovations is complex and no single study could incorporate all possible 

determinants of innovation.  The necklace model aims to broadly sketch the 

characteristics of determinants including inputs and how a system utilises these inputs 

through the interaction of its institutions and firms to create, diffuse and use knowledge 

to generate technological innovations.  These elements, how they interact and their 

impact, will vary in time and in each firm, industry, region and country.  However, their 

essence will not change.  The challenge will be to broadly incorporate the essence, 

especially that of institutions, whose role has been severely underestimated in the past, 

in particular in the economic decisions that were made in Eastern Europe following the 

collapse of communism (North 1999). 
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7.6 FURTHER RESEARCH 

 

The aim of this segment is to discuss further research based on the 3 studies undertaken 

– description of patents, survey of inventors, and case study and the ensuing discussion 

in this chapter.  The main purpose is to explore future directions of research in relation 

to systems of innovation and examining the determinants of innovation.   

 

There are three broad areas for further research arsing from this thesis which include: 

- building on the work looking at patented technology and expanding the focus on 

the determinants of innovation to earlier stages in the patenting process and 

widen out to include non-medical technologies and trade secrets; 

- testing the necklace model for systems of innovation; and 

- examining international systems of innovation. 

 

7.6.1 Testing the necklace model for systems of innovation 

 

There are enormous challenges in testing the necklace model for innovation systems.  

This would include: 

- attempting to measure the resource framework used to calculate the inputs into 

the model, namely, the human, financial, physical and social capital, and natural 

resources.  One method might be to attempt to assign them a monetary value, so 

that inputs can be compared to outputs.   

- estimating the value of technological innovations (the outputs) in a 

macroeconomic context such as a % of GDP for the system of innovation being 

studied whether national, sectoral, regional or technological.   

- developing a method to model the influence of institutions on the economy and 

the innovation process. 

- measuring the creation, diffusion and use of knowledge. 

 

This list encompasses enough work for a few lifetimes.   
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Given the complexity of the instruments that need to be developed and tested, and given 

the enormous intricacy of systems of innovation what would be an effective but simple 

starting point?  One way is to boil everything down to the level of the firm and use it as 

the simplest or micro system of innovation.  In this manner, measurement instruments 

could be developed including for inputs, outputs, and the processes in-between 

especially the flow of knowledge.  In addition, the institutional exposure for individuals 

and its impact on innovation could be examined, beginning with a collection of their 

curricula vitae.   

 

The benefit with starting with individual firms is that all the inputs and outputs are 

fairly well measured.  The firm embodies the one institutional environment.   

 

By measuring all the variables within a firm, one would get a sense of the feasibility of 

undertaking such an analysis on a more meso and even macro level.  However, before 

moving from the firm to a broader environment, the effect of supporting industries 

would need to be introduced into the analysis. 

 

7.6.2 Further characterisation of the determinants of innovation through 

additional analysis of the survey of medical inventors 

 

This section focuses on possible further analyses of the survey data and other related 

future research.  As mentioned, understanding of the determinants of innovation for 

patented medical technology can be fleshed out in future research, however, the results 

will always be somewhat different as the context of commercialisation is always 

evolving due to changes in the economy, culture, government policy and the broader 

institutional milieu.  

 

During the write-up of the thesis, as further ideas for analysis came to mind they were 

written down.   

 

In the survey of inventors in order to examine the determinants of innovation for 

patented technology we compared patented innovations with technology which was not 

fully commercialised.  Undertaking a number of additional comparative analyses of 
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survey data using logistic regression could have fleshed the determinants of innovation 

out further.  These include, for example, comparing outcome or dependent variables 

such as: 

- patents generating sales of more than one million Australian dollars with the rest 

of the patents which became innovations;  

- inventors who work as clinicians with those who are non-clinicians, which could 

elucidate whether the clinical coalface exerts a unique influence on the type and 

economic outcome of technologies generated; 

- medical patents related to biotechnology and the rest; 

- patents by their clinical application such as therapeutic devices, drugs, 

implantable devices; 

- patents by their clinical discipline of application such as cardiology and 

orthopaedics; 

- patents commercialised and manufactured in Australia could be compared to the 

patented inventions developed overseas (with beneficial characteristics 

identified overseas could be used to developed policy to improve the 

commercialisation process domestically); and 

- patents with a fractional count with a majority of Australian inventors with the 

rest listing Australian inventors to assess for any differences especially with 

regard to the country of origin of the patented technology.  This would help 

validate the OECD approach which assumes that the country of origin of a 

patent is the one with the highest fractional count (OECD 2001d).  Such 

research would identify whether significant technology from Australia is missed 

by fractional counting procedures.   

 

Such comparative analyses might allow further characterisation of different 

technologies within the medical technological innovation system.  It could characterise, 

for example, whether they have different sources of invention or different rates of 

success in commercialisation.  Much in the same way that Pavitt (1984) characterised 

the different sources of innovation for different industries. 

 

The next step in the analysis for the determinants of innovation in the bivariable and 

multivariable analysis would have been to include the data from the open ended 
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questions asking about factors that facilitated, hindered and that could improve the 

commercialisation process (i.e. answers to questions 39, 40 and 41).   

 

Second, there is the issue of alternative biostatistical methods, given the limitation of 

the logistic regression analysis especially the limited number of independent variables 

that can be included in the model.  Alternative methods could have included 

discriminant analysis or factor analysis (Dawson-Saunders & Trapp 1990).  Also the 

logistic regression analysis was hampered by the high potential for co-linearity among 

variables– as there probably is between “industry partner” and a number of related 

variables such as the industry partner’s involvement in the commercialisation process 

(Q27).  The principal components selection method or a correlation matrix as used by 

Dagenais et al. (1991) could be utilised to choose the most important among such 

independent variables (Concato, Feinstein & Holford 1993). 

 

An additional challenge is to examine the experience of individual innovators and allow 

for diversity of experience to remain during the analysis – the so-called person-centred 

method of analysis (Magnusson 2000).  This method focuses on the composition of 

different variables within the individual.  Whereas, a variable-centred analysis, which 

was used in this thesis, for example, while constructing the innovation potential score, 

fragments an individual inventor’s experience into a number of variables and regresses 

them to the mean.  A person-centred analysis allows, for example, different pathways to 

successful commercialisation to be analysed simultaneously and for comparisons 

between these pathways to be made and statistically evaluated.  As outlined in the 

previous discussion, collecting and analysing systems of innovation at the 

organisational level with regard to outcomes in terms of innovation and economic 

change will the next big task.  Again this analysis could examine using person centred 

methods but focus on individual organisations – a so-called organisation-centred 

analysis.  

 

Then there are analytic methods for investigating dynamic self-organising systems (e.g. 

Granic & Hollenstein 2003), such as innovation systems.   
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7.6.3 Further research on the determinants of innovation 

 

In order to elucidate a professorial candidate’s priorities, a good discriminating question 

is to ask “If you were given $1million Australian dollars for research, what would you 

spend it on?”.   

 

As mentioned, given that 50% of US patents taken out by Australian inventors end up 

being commercialised both in Australia and overseas (see Section 5.4.7) – this suggests 

that the problem with commercialisation in Australia may be encountered in its early 

phases.  In other words, it is not technology already patented but rather that major 

barriers may lie in the commercialisation path prior to patenting internationally.   

 

To answer the above question in relation to this thesis, I would create a staggered cohort 

study to identify the determinants of each step from provisional patent to a 

technological innovation generating enormous sales.  A good beginning would be to 

build on the work in this thesis on medical technology.  The focus could be on a number 

of open, resource-dependent economies of small countries (e.g. Australia, Canada, 

Finland) and compare them with countries more dependent on high technology (e.g. US, 

Germany, Switzerland, Singapore and Japan).  In each country nationally representative 

three cohort samples could be selected: 

- provisional medical patents and follow them through to complete patent 

application; 

- complete patent applications and follow them through to being granted a patent 

(domestically and/or internationally); and 

- granted patents and follow them through to becoming a technological 

innovation. 

 

By sampling at each successive level in Figure 7.1, then the determinants for each step 

towards a patented technological innovation can be elucidated. 

 

Given the small proportion of provisional patents (0.5%, Section 7.3.3) that end up 

becoming technological innovations (Figure 7.1), surveying their inventors would be an 

excellent early entry point into the commercialisation process, whereby the immense 
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early challenges faced by inventors and their newly conceived technology could be 

explored in further depth.   

 

The main difficulty will be identifying inventors on provisional patents.  Methods to 

undertake this might through: 

- national patent offices as Firestone (1971) did with his study in Canada (these 

offices could contact inventors asking their permission independently for 

participating in such research); 

- other inventors who had already been granted a US or Australian patent; and 

- industry, patent attorneys and technology transfer offices associated with 

government, universities, research institutes and co-operative research centres 

(CRCs). 

 

The samples would be selected to ensure they are nationally representative and link in 

with the available macro level data such as on exports.  It would be important to ensure 

that the samples at each step would be large enough to be able to undertake comparative 

analysis between intellectual property, which achieved the next step, and that, which did 

not.  A staggered cohort is a much more efficient option than following one cohort from 

provisional patent application through to technological innovation.   

 

This would require an enormous sample, in order to have the capacity to undertake 

comparative analysis, given the enormous drop out that would be expected as depicted 

in Figure 7.1.  The required time for follow up would also be longer than using the 

staggered approach.   

 

In this study the focus would be on measuring the inventor’s human capital and their 

institutional exposure through the survey and the use of their curricula vitae.  In order to 

measure the broader institutional environment, especially that to which the inventor is 

blind, independent analysis would be undertaken.  To begin with this could just 

concentrate on macro measures combined with the micro exposures of individual 

inventors. 

 

In addition, a number of cases could be targeted in each national sample for qualitative 

analysis to complement the quantitative study.  In particular I would focus on sampling 
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technology originating from the public sector, involving start-up companies and from 

established companies.   

 

The quest is to examine the determinants of innovation more broadly through other 

possible study designs to complement the aforementioned one is to:  

- begin investigating other non-medical technological sectors possibly divided 

along market-defined technological innovation systems; 

- find a national sample of trade secrets identified through a survey of industry 

which could isolate the commercialisation of not only patents but also “trade 

secrets”; and 

- instead of just surveying inventors listed on patents, a broader perspective on the 

determinants of innovation for patented technology could be achieved through a 

complementary survey of assignees.  As described, assignees on medical 

patents include the universities, businesses, governments, and individuals.  

Especially important would be to examine the viewpoint of the business 

assignee who would have insight into the industrial scene, possibly the 

environment for start-up companies and of markets and of the broader policy 

and other contextual factors influencing commercialisation through industry.  

Another method to contact industry would be to survey inventors on patents, 

then through a “snowballing method” ask whether they would consent in 

providing the name of their contact or collaborator in the company undertaking 

the invention’s commercialisation, who could be contacted to participate in the 

study.  Identifying companies within the same industry sector through other 

methods, such as through business associations or business interest non-

government organisations (BINGOs), could further complement this technique.   

 

Such longitudinal studies of patented and non-patented medical technology would 

give a more reliable picture of the commercialisation process.  In this way determinants 

which may lead to successful or failed attempts at generating technological innovations 

are measured before the possible biasing effect of the commercial outcome on the 

response and recall by inventors.  Such a prospective design would be able to avoid the 

response and recall bias of cross-sectional surveys.  These studies to be successful, need 

to retain a high percentage of participants to avoid skewing the results from a high drop-
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out rate.  Certainly this would be the best way to assess the innovation potential score 

prospectively and assess its broader validity.  

 

The proposed national comparisons, especially within the OECD, would create a much 

more complex and detailed understanding of the commercialisation process in different 

cultural, economic and political institutional contexts.   

 

Cohort studies are a robust way of examining determinants and outcome but usually 

are costly and require a long time for completion.  An alternative method is to undertake 

annual surveys but attempt to measure the determinant and outcome variables in the 

same person or inventor or organisation and thereby generate a series of linked pictures.  

Findings from such a study would be more robust with more reliable associations 

between determinant and outcome than for repeated but unlinked cross-sectional 

surveys (where participants are not linked from one survey to the next). 

 

Ideally the picture of the process of creating innovations needs to be made into a film of 

progressive studies to stay up to date with the evolving issues faced by inventors 

internationally.  Given the increasing sophistication of search engines on the internet 

and the increasing use of electronic mail – these case studies or surveys could be 

undertaken by email.  This would make such studies more cost effective. 

 

The aim would be to draw a national picture of all the firms in various technological 

innovation systems, through routine national data (such as R&D expenditure and export 

data) which are liked at the level of the firm to describe firm-based surveys backed up 

by targeted qualitative studies selected through: 

- purposive sampling (Barbour 2001) with a minimum sample including a 

successful and unsuccessful case in each step to technological innovation.  

Sampling frames could be made progressively more complex by including 

different technologies, regions and nations. 

- probability sampling to ensure that the range of cases chosen is representative of 

a wider population (Yin 1989; Mays & Pope 2000).   

 

The case study in this thesis afforded the unique opportunity of participant observation 

in an attempt to convert an invention into an innovation.  In the context of the 
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qualitative survey of medical inventors, it enabled a unique exploration of institutional 

factors and their influence on innovation. 

 

This would generate the determinants of innovation at national, sectoral or 

technological levels and enable the impact of institutions on innovation to be explored 

in depth.  If such an approach was maintained over time, then detailed picture of 

evolving industries and their policy needs, and technological opportunities would allow 

for timely and accurately targeted policy interventions in education, research, industry, 

government and other organisations or institutions.  Individuals in surveys would be 

able to answer questions on institutional determinants at the micro level which could be 

complemented by independent macro measures of national institutions.  Probably first 

up, by using the measures developed by political economists (some of which are 

outlined in Table 7.3). 

 

Second, the inventors and assignees listed on patents and patent applications and 

broader reviews can be surveyed regarding the whole commercialisation process 

including identifying: 

- the characteristics of patented and non-patented inventions that become 

innovations; 

- the characteristics of the inventors and their industry partners; 

- the source of invention and innovation; 

- explore international collaborations amongst inventors and assignees and their 

industry partner; 

- the means and effectiveness of funding the research through to the 

commercialisation process; 

- the means, direction and effectiveness of technology transfer, especially for non-

industry based inventions; and  

- the commercial outcomes including sales generated, firm profitability, and 

national exports. 

 

This method allows validating the assignee as the source or not of the described 

invention and other methodological issues including the reliability of patent and 

industry classification systems.   
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7.6.3.1 Further qualitative research in innovation using case studies 

If such a course is considered important enough, the ideal way for such trials to be 

undertaken would be through the Australian Bureau of Statistics (ABS), which has the 

legislative power to compel inventors and companies to respond to surveys, thus 

reducing the risk of response bias.   

 

Further studies could include keeping track of inventors and their industry partners 

especially the prolific ones through surveys to see if they are finding that continuing 

patenting is easy or difficult in different economic and policy environments.  Similarly 

to the current way that investment, expansion and employment plans of senior managers 

are used as a measure of future economic growth, for example, the Business 

Expectation Survey by the Australian Bureau of Statistics in Table 7.6.49  In other 

words, such a survey of inventors and assignees investigating the plans of known 

inventors or assignees to patent in the near future could be taken as a measure of future 

technological growth in that area of technology.   

 

7.6.4 Further research within individual firms 

 

A factor which was not explored in depth in thesis was examining the 

commercialisation process of technology arising within firms.  For Australia 

understanding how to enhance innovation and the management of technological 

innovation within established firms will generate ideas for growing existing industries.  

 

7.6.5 Social gradients in human capital as a determinant of innovation 

 

One of the interesting questions to emerge during the thesis is whether there is a link 

between the social gradient in literacy and economic growth?  Does minimising the 

social gradient in human capital improve the innovative and economic capacity of a 

country?  What is the impact of increasing the socio-economic gradient of human 

capital on a nation’s long-term economic performance?  Sweden has the flattest socio-

                                                 
49 See http://www.sch.abs.gov.au/SCH/A1610103.NSF/0/5E09F0AC9F5E39CBCA2566BA000A5AF8?  

OpenDocument [21 July 2003] 
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economic gradients in literacy and the US, as has been depicted in Figure 7.2, has one 

of the steepest gradients in the OECD.  If there is a link, the challenging question is how 

best to address the socio-economic gradient in human capital.  

 

This question of course, extends to how the availability of other resources required by 

systems of innovation including physical, financial and social capital affect the creation 

of innovations and economic performance.  

 

7.6.6 International systems of innovation 

 

There are varying degrees of interest in looking at the concept of international or 

“transnational” (Nelson & Rosenberg 1993: 5) or “supranational” (Edquist 1997a: 11) 

systems of innovation.  Freeman (2002, p209) has divided systems of innovation into 

“the global level, the continental and sub-continental levels, the national and the sub-

national levels”.  The gap between national and global systems is a challenging space 

for defining and examining innovation systems.  Depending on the questions being 

asked, countries could be grouped by: 

- membership of international organisations (e.g. OECD, WTO, the 

Commonwealth of Nations); 

- membership of a trade association, or a free trade zone or bloc (e.g. Andean 

Community [i.e. Bolivia, Colombia, Ecuador, Peru, Venezuela], Association of 

South-East Asian Nations [ASEAN], Caribbean Community Countries 

[Caricom], Commonwealth of Independent States [CIS], Economic Community 

of Western African States [ECOWAS], European Union [EU], Gulf Cooperation 

Council, Mercosur50, NAFTA, Southern African Development Community 

[SADC]); 

- language (e.g. English, Spanish, Chinese), cultural or social group; and  

- degree of democracy or autocracy within a country (e.g. Bliss & Russett 1998). 

 

                                                 
50 Mercosur was created in 1991, after the signing of the Treaty of Asuncion, by Brazil, Argentina, 

Uruguay, and Paraguay aiming to create a common market.  Bolivia and Chile have joined since then 

(http://europa.eu.int/comm/external_relations/mercosur/intro/ [23 March 2003]). 
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The main interest to date has been within the context of the internationalisation of R&D 

and “the ways in which this process is advanced and fostered by international 

investment patterns and government policies” (Marceau & Dodgson 2000: 5).  

A good example within the realm of the European Union (EU) is the studies by Senker 

and colleagues (2001) examining the European biotechnology innovation systems 

(EBIS), and Caracostas and Soete (1997) looking at the broader European system of 

innovation.   

 

However, there is much further room to examine the role of global markets, the 

internationalisation of production systems, the World Trade Organisation (WTO), 

bilateral and multilateral trade agreements, and trade blocs such as NAFTA and the EU 

(e.g. World Bank 2000) in the economic performance of countries.  Australia’s 

economic and export performance is often compared to that of Canada, Finland and 

other small European countries.  However, it is often overlooked that these countries are 

located within a trading bloc (NAFTA and the EU respectively), whereas Australia is 

not part of a trade bloc.  The fundamental question for Australia is whether it would 

benefit from joining or creating a trading bloc, such as through the Association of 

Southeast Asian Nations (ASEAN)51 or the Asia-Pacific Economic Cooperation 

(APEC)52 forum.  

 

From an international innovation systems perspective it would be interesting to examine 

the literature, mainly in political economy and other political sciences, and study the 

influence that US foreign policy has had on US economic growth.  US foreign policy 

                                                 
51 The Association of Southeast Asian Nations (ASEAN), which started in 1967, includes Brunei, 

Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam.  

Through ASEAN Free Trade Area (AFTA) and related initiatives, ASEAN is aiming to build an 

integrated market in Southeast Asia.  Discussions have occurred in late 2000 on an Australian plan to 

merge the ASEAN Free Trade Area and the Australia New Zealand Closer Economic Relations Trade 

Agreement (ANZCERTA) but the proposal has met resistance particularly from Indonesia, Malaysia, and 

the Philippines (http://www.taiwan.com.au/Polieco/Policies/Australia/200010/07b.html). 
52 The Asia-Pacific Economic Cooperation (APEC) forum was established in 1989 to promote economic 

integration around the Pacific Rim.  APEC has 21 members including Australia, Brunei Darussalam, 

Canada, Chile, People's Republic of China, Hong Kong (China), Indonesia, Japan, Republic of Korea, 

Malaysia, Mexico, New Zealand, Papua New Guinea, Peru, Republic of the Philippines, Russia, 

Singapore, Chinese Taipei, Thailand, USA and Vietnam (http://www.apec.org/). 
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since World War II has had a dominant focus on economic policy with the aim of 

promoting US industry (Hook & Spanier 2000).  Thus, it would be of interest 

internationally to examine the influence of foreign policy, trade agreements and the 

formation of trade blocs (especially NAFTA, EU and the proposed ASEAN trade area), 

on national innovation systems and their economic performance.   

 

Even though he did not call it such, Freeman (Freeman) implies in his article “If I ruled 

the world” that the greatest potential for improving the world economy and the world 

environment is through strengthening or reforming the international innovation system.  

In the article, where he assumes that he has become “the first woman President of the 

United States” in 2004, his suggestions include reforming the World Trade Organisation 

(WTO) by correcting the unequal bargaining power of poor countries (Freeman 2001b: 

477).53   

 

Thus, the future of innovation research is both examining the microenvironment of 

individual innovations within a national context and to examine the interaction between 

the national and international innovation systems.  In other words, the aim would be to 

examine the micro (individual) level experience within the macro (e.g. sectoral, national 

or supranational) contexts.   

 

7.6.7 Systematic reviews and consensus statements in innovation research 

 

There is potential for innovation research to increase its effectiveness through the 

publication of systematic reviews and consensus statements used in biomedical 

research.  Systematic reviews in medicine have been conducted largely under the 

auspices of the Cochrane Collaboration (2003).  This has spawned the Campbell 

Collaboration which is conducting such reviews on social and educational policy 

(2003).  This would assist in the break down of walls between disciplinary silos which 

                                                 
53 He would also place the International Monetary Fund (IMF) and the World Bank under the auspices of 

the UN.  In health, he envisages cross-subsidising drugs in poor countries by increasing taxation in high-

income countries.  Many of these international programs, including those of the World Bank and the UN, 

could be funded through his proposed Tobin Tax on foreign exchange transactions of 0.5% which would 

simultaneously assist in stabilising the international exchange markets.   
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is needed when researching innovation.  Addressing other factors maintaining such silos 

include: 

- combining the numerous bibliographic databases;54 and 

- standardising the wide assortment of jargon, research methods and theoretical 

frameworks. 

 

Second, a well-crafted consensus statement published in a leading journal can increase 

the efficiency of undertaking research.  In the VenousAid case study, I frequently quote 

the consensus statement on the investigation of chronic venous insufficiency published 

in the biomedical journal Circulation (Nicolaides 2000).  The foundation for this 

consensus document was laid by a meeting held under the auspices of leading medical 

organisations interested in chronic venous disease including the American Venous 

Forum, the Cardiovascular Disease Educational and Research Trust, the European 

Society of Vascular Surgery, the International Union of Angiology, and the Union 

Internationale de Phlebologie.  By reading this document and examining the attached 

references, one could be confident of definitions and methods in assessing patients with 

chronic venous disease.  Whereas when reading the literature on systems of innovation, 

for example, everyone had a different definition of institution (Lundvall 1992b; Nelson 

1993; Patel & Pavitt 1994; Edquist 1997a). 

 

Consensus statements can be crafted by bringing together groups of scientists to 

workshop bodies of literature and refine theoretical frameworks and not only agree on 

definitions, methods and theoretical frameworks but also identify gaps in knowledge for 

further research.  This method has used by the OECD in their series of reports looking 

at national innovation systems (OECD 1999b; 2002a).  Another good example is the 

group looking at the European biotechnology innovation system (EBIS), where they 

identified and work shopped the main bodies of literature relevant to EBIS i.e. national 

and technological innovation systems, and socio-technical networks and identified areas 

of weakness (Senker et al. 1999).  For example, they realised that this literature had 

limited utility in terms of mapping the public acceptability of new technologies (which 

is especially relevant to the production and sale of genetically modified foods) and thus, 

they included controversy theory as part of their study.  Just as setting technical 

                                                 
54 Towards the end of my thesis, I was using 6 or more different bibliometric electronic databases when 

searching for literature related to innovation research. 
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standards can have enormous benefits for technological innovation, equally agreeing on 

definitions, methods and frameworks could benefit the efficiency of undertaking 

research in innovation.   

 

Third, is to implement the use of structured abstracts to increase the efficiency of 

perusing the literature, especially in scientific journals (Taddio, Pain, Fassos, Boon, 

Ilersich & Einarson 1994).  The abstracts of studies quoted in this thesis vary greatly in 

clarity, especially as to the aims of the study and the methods employed.  For example, 

if an article was providing a review of the literature, the method in which articles were 

sourced was never defined.   

 

In summary, innovation research could benefit greatly from undertaking systematic 

reviews, publishing consensus statements, using structured abstracts and combining 

bibliographic databases. 

 

7.6.8 Need for congruence between micro and macro level data 

 

The challenge for future innovation research will be to develop consistency in the 

categorisation of data at the micro and national levels enabling these data to be 

reasonably and reliably compared.  Otherwise as Nelson and Winter (1982: 272) point 

out “a scholar working on micro phenomena and a scholar working on macro 

phenomena will be unable to talk to each other using a common language”. 

 

National innovation systems, for example, need to be divided into a comprehensive 

taxonomy of technological or sectoral systems.  Currently this is accomplished along 

industry grounds, e.g. mining and agriculture, by using an industry classification system 

such as NAICS (US Census Bureau 2000).  These national data collections and 

reporting systems are shaped by the historical makeup of national economies.  Not 

having international comparable data makes it difficult to undertake comparative 

studies.  The standardisation mechanism of the OECD (e.g. OECD 1996b; OECD 

2002b) and the EU may go someway in persuading governments to collect 

internationally comparable data.  
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This thesis through examining national level data for Australia as outlined in the second 

half of the literature review, especially that of the OECD and Australian Bureau of 

Statistics, in the context of the patents and survey of their inventors, which were shown 

to be a representative sample, one is able to combine the micro and macro level in the 

innovation process.  For example, linking patent data as defined by a patent 

classification, such as the International Patent Classification (IPC) system, with national 

export data (as discussed in Section 2.10.2).  In other words, combining the national 

(macro) level data with micro but nationally representative data (the national and 

technological innovation systems) is a powerful tool for examining innovation within 

national boundaries.  The challenge for future innovation research will be to develop 

consistency in the categorisation of data at the micro and national levels.  This is 

especially in the light of the costs of undertaking any form of data collection.  Making 

such collections of data also longitudinally reliable or consistent, will allow the 

historically influence on innovation and economic change to be examined.  This is of 

value to policymakers and researchers.  

 

7.6.9 Conclusion for further research 

 

The future of innovation research is to put empirical flesh on the theoretical bones.  

While cross-sectional surveys and case studies are able to generate possible causal 

factors or determinants of innovation, however, their causality can only be determined 

by analytic studies – preferably cohort studies undertaken in multiple national settings.  

The task in such studies will be to identify and measure the effect of the institutional 

determinants of innovation.  The second major undertaking is to validate the necklace 

model for innovation systems.  

 

7.7 RECOMMENDATIONS TO IMPROVE THE COMMERCIALISATION 

OF AUSTRALIAN MEDICAL INVENTIONS 

 

This is a summary of the recommendations arising from this thesis to improve the 

commercialisation of Australian medical inventions.  The full version is available in 

Appendix 10.1.  The recommendations for Australia include building human capital, 
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improving knowledge transfer, encouraging institutional change and improving data on 

innovation. 

 

To realize the full benefits of patented intellectual property arising in Australia and 

minimise wastage of commercial potential, requires a pan-institutional shift to a culture 

of entrepreneurship and a belief in the need to develop a high technology industry in 

Australia.  In particular, the Australian political institutions, including state and federal 

governments, need to implement a number of policies.  Fundamentally they need to 

decide whether building a high technology and export focused industry in Australia is a 

main economic policy objective.  To achieve this requires an attitudinal shift both 

politically and culturally celebrating and rewarding entrepreneurship, invention and 

science.  Concentrated policy work on building human capital, technology transfer, high 

technology start-ups and growth of existing high technology companies including 

focusing on building market access internationally will assist in this endeavour. 

 

In addition, policy makers especially at the federal level should recognise the likelihood 

that reducing government support of education and research in the health sciences in 

Australia will undermine the training of medical inventors and weaken or destroy the 

main source of medical innovations in Australia.  Publicly funded research is a major 

provider of patented technological innovations upon which many successful medical 

companies in Australia have been founded.  Potentially Australia has a strong scientific 

platform for building up Australia’s emerging and export-focused yet vulnerable 

biomedical industries.    

 

There is a question whether steeper social gradients in adult literacy will diminish 

overall human capital, and hence, restrict the national innovation potential.  Thus, a 

major policy issue is whether Australia should more thoroughly assess and address 

institutional factors that cause social gradients. 

 

This thesis has focused on improving the process of bringing new Australian medical 

inventions to market.  It has shown this process largely arises from publicly funded 

research or companies with their genesis in publicly funded research.  Addressing the 

barriers to commercialisation can assist more of Australia’s excellent research to find its 

way to market, improving the income for universities and teaching hospitals in the 
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current climate of increasing financial constraint.  Ideally it would also assist in 

growing a domestic medical industry by enabling it to better harness research with 

commercial potential.   

 

7.8 CONCLUSION REGARDING SYSTEMS OF INNOVATION 

 

One of the biggest challenges for economic research is to develop a theory of economic 

change.  If the assumptions underpinning the necklace model for systems of innovation 

is correct and economic change occurs as a consequence of the quality and quantity of 

resource inputs, marshalled by institutions leading to the creation, diffusion and use of 

knowledge, so that firms can generate technological innovations, then the systems of 

innovation approach may provide a basis for such a theory.  A number of steps are 

required towards achieving this goal.   

 

First, the systems of innovation framework needs to incorporate the macroeconomic 

insights from the Keynesian theoretical and Kuznetsian statistical revolution of 

measuring all inputs and outputs (GDP) of a nation’s economy which now make up the 

national accounts (Galbraith 1987).  One challenge is to drill down the level of the 

individual firm to find out what proportion of their contribution to GDP has arisen from 

technological innovations.  The task is to improve the link between micro level studies 

undertaken within a macro context so that the link between the two levels is 

strengthened and the causes of economic growth can be examined more thoroughly. 

 

A second more difficult issue is how to define and measure all the resources that are 

injected into an economy or innovation system to create these innovations.  In order to 

describe inputs into the model in a fulsome way, I have proposed a resource framework 

consisting of human, social, physical and financial capital, and natural resources.  The 

survey of medical inventors and the case of the VenousAid Stocking have identified the 

importance of the four forms of capital in generating medical inventions and 

innovations.  Though not examined in this thesis, natural resources play a dominant role 

in Australia’s economic success and that of other resource abundant nations such as 

Canada and Finland, and therefore, should not be overlooked despite the current 

emphasis on high technology in innovation research. 
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The role of human capital in innovation systems needs further investigation.  The stars 

of innovation systems should not be the dominant focus of such research.  Rather, the 

total level of human capital and its distribution within an innovation system or society 

should be assessed as to its impact on the total output of technological innovations.  To 

be a medical inventor you not only have to be intelligent, but also highly trained with a 

minimum requirement of holding a university degree, preferably a doctorate.  This 

thesis has also shown that inventors and innovators, are not only born but are raised, 

and that the family and other national institutions appear to have an enormous impact on 

each child’s potential to be an innovator.   

 

The third step is to measure the impact of institutions on innovation.  A rudimentary 

taxonomy has been developed as a guide to future work, so that institutions can be 

accurately measured and their effect properly estimated.  Using a multidisciplinary 

approach by tapping into the experience of sociologists, institutional economists and 

other social scientists, may hold the key to developing a robust taxonomy.   

 

The fourth challenge is to examine the stock of human knowledge, how it flows through 

individuals and organisations by way of their different forms of learning (that appears to 

be dependent on a high level of human capital and quality adaptive institutions) to bring 

about innovations that lead to economic prosperity.  A number of indicators for 

measuring the generation, diffusion and use of knowledge have been delineated, 

providing a direction for creating a robust means to assess not only the quantity but also 

the quality of economically relevant knowledge. 

 

As a consequence of the work in this thesis, the new definition for systems of 

innovation is proposed to be  

 

A system of innovation includes all institutional factors that mobilise resources 

to develop, diffuse, and use knowledge to create technological innovations.  The 

level of importance of these factors is established by the economic consequences 

of the innovations. 
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By extending Edquist’s (1997a: 14) definition of systems of innovation to include the 

economic impact of innovations, not only are the determinants of innovation but also 

the economic consequences of innovations examined simultaneously.  This means the 

impact of innovations in a macroeconomic context, and hence, its influence on 

economic growth can be thoroughly evaluated.  Thus, if innovation is thought to lead to 

economic growth, then measuring the determinant’s impact on innovation in a 

nationally or macro-economic representative sample is crucial. 

 

The resources, knowledge and institutions (including firms) are interdependent and 

require simultaneous study in order to fully understand systems of innovation.  By 

studying just one part of this triad is missing the full potential of using that information 

to develop a theory for systems of innovation.  

 

Empirical methods have been developed in this thesis to measure innovation 

determinants including resources, the creation, diffusion and use of knowledge, and the 

institutional environment.  The Herculean task is to refine these measures, in particular, 

the taxonomy of institutions, and to use them in empirical studies of robust design.  

Using well-designed analytic studies in conjunction with descriptive studies, as we have 

done, would assist in more clearly delineating the determinants of innovation.  Ideally 

such data collecting should be undertaken over time, thereby strengthening the causal 

link between innovation determinants and economic outcomes. 

 

Clear specification of causality among factors associated with technological innovation 

will enable the theoretical base of the systems of innovation approach to be 

strengthened.  I believe the biggest challenge for research examining the systems of 

innovation is to aim to become a theory of economic change.  This thesis proposes that 

the necklace model for systems of innovation may provide the initial move in that 

direction.   

 

In summary, by measuring the triad of resources, knowledge and institutions and their 

impact on firms and their ability to generate technological innovations and its effect on 

the economy in robust studies, may increase the potential for the systems of innovation 

framework to evolve into a theory of economic change.   
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10. APPENDICES 

 

10.1 THESIS RECOMMENDATIONS TO IMPROVE THE 

COMMERCIALISATION OF AUSTRALIAN MEDICAL INVENTIONS 

 

New ideas, like seedlings, must be well watered if they are to survive 

PK Shaw1 

 

10.1.1 Introduction 

 

The purpose of this thesis is to explore the process of generating technological 

innovations from patented medical technology developed by Australian inventors and 

listed in the US.  This enabled us to identify possible ways of improving Australia’s 

record of bringing their medical inventions to market.  Despite the world-class quality 

of Australia’s medical research, the country has a reputation of being poor at translating 

its research into patents [Wills, 1999 #90] let alone into products.  Despite the hype of 

recent industry and government reports, Australia’s medical industry is small with a low 

though rising level of exports of medical goods.  The hope is that this study may 

identify means to grow this fledgling industry.  It may help to foster the biotechnology 

clusters [ #309] that are emerging in Melbourne and to a lesser extent in Sydney and 

Brisbane and a potential electro-medical cluster around Cochlear in Sydney as well as 

continue the growth of the small but vital pharmaceutical industry [Wills, 1999 #90]. 

 

This section looks at the recommendations flowing from this thesis which aim to 

improve the commercialisation of Australian medical inventions.  The 

recommendations focus on building human capital, improving technology transfer and 

encouraging an institutional shift in Australia.  Though the centre of attention is on 

                                                 
1 As cited by [Innovation Summit Implementation Group, 2000 #553: 21] 
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commercialising medical technology, at times it has broad application for other 

technologies.  In the last two sections, discussing the institutional environment in 

Australia, the focus is on the role of government in growing Australia’s manufacturing 

industries and expanding Australia’s international markets.  Here the speculation on 

ideas goes beyond the strict remit of the studies in this thesis but which emerged during 

the completion of the write-up. 

 

Why should Australia be trying to build a strong domestic medical manufacturing base?  

In order for Australia to maintain its current standard of living and to reverse the 

growing trade deficit in high technology and mounting debt, key commentators insist 

that there must be an increase in innovation in industry and change from a 

predominance of primary industry (mining and agriculture) to developing a strong local 

manufacturing base in high technology [CEDA, 1992 #6;Marceau, 1997 #77].  The 

reason is that the returns from exports of primary commodities have been falling 

steadily since the 1800s due to reduced real prices and relative demand for commodities 

on world markets [Copper, 2000 #286;Pappas Carter Evans & Koop, 1991 #7].   

 

In addition, despite the substantial growth in the service industry, this is not seen as an 

adequate substitute in terms of long-term growth prospects [Cohen, 1987 #9].  In 

Australia the medical research workforce is highly skilled and undertakes research of a 

very high international standard.  High technology industries worldwide are 

increasingly dependent on strong linkages with publicly funded research in order to 

maintain their growth.  In theory, this is a good base from which to build a medical 

industry in Australia.  It may also provide better medical technologies that advance the 

health of Australian people, especially in light of an ageing population with its attendant 

demand for health services [Hassan, 2000 #354]. 
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10.1.2 Building human capital: supporting inventors and innovators 

 

In Australia, support and celebration of entrepreneurship, invention and science 

throughout the school system and the tertiary education sectors is strongly needed.  

Hopefully, this will increase human capital in innovation, encourage more students to 

pursue careers in these areas and overcome the stifling influence of the cringe of 

intellectual culture [Industry Task Force on Leadership and Management Skills, 1995 

#327]. 

 

Until recently, the Australian education system for scientists has been exclusively 

focused on scientific essentials of theory and method, rather than a concurrent teaching 

on its commercial role.  Doctorate or masters students, especially in science, medicine 

and engineering, comprise most medical inventors, and therefore, should be encouraged 

or required to attend short courses on business start-ups, entrepreneurship and 

commercialisation.  In particular, this training should focus on the protection of 

intellectual property.  For example, advocating the use of a laboratory notebook or diary 

to document all ideas and experiments and have the entries signed and witnessed daily.  

So, in the event of a patent being faced with a legal challenge, there is documented 

proof of the invention’s origin.  Additional topics that could be covered by such tuition 

include: 

- the role of technology transfer organisations; 

- how to create start up companies; 

- issues with approaching established companies in Australia or overseas; 

- the advantages and disadvantages of different ways to commercialise 

technology, including selling or licensing the technology, creating a start 

company or co-development with an established company;  

- the value and availability of mentoring programs; 

- the importance of a written development or business plan whether 

commercialising through a start-up or an established company; 

- financial management including issues of budgeting for future expenditure and 

depreciation, for example; and 

- the role and function of the stock exchange such as during an initial public 

offering when a start-up company floats on the stock exchange. 
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We found that the quality of our development plans helped in the commercialisation 

process by: 

- keeping us focused on issues that concern industry representatives,  

- facilitating the discussions with industry; and  

- enhancing our reputation with industry representatives.   

 

Not only should these proposed changes in education and intellectual property 

management occur in science-based course but equally in business programs 

themselves.  For example, master of business administration (MBA) courses need to 

evolve from training managers for established companies to training entrepreneurs and 

ideally providing students with a genuine entrepreneurial experience.  There is a 

proposal at the University of Western Australia for its masters of business 

administration course to set up small groups that assist an entrepreneur for one year 

(personal communication, Dr Hugh Dawkins).  Participating students would be required 

to sign confidentiality agreements and to complete a project related to 

commercialisation such as market research or a financial report for an initial public 

offering.   

 

A promising Australian endeavour is the Entrepreneurs in Science (EIS) Unit, 

established in 2001 within the Faculty of Science at the University of New South Wales 

[, 2001 #342].  Their primary objective is to integrate business and entrepreneurial 

training into the core of tertiary education for Australia’s future scientists.  Their 

website states: 

 

Students have not been adequately educated in the commercial and business 

aspects of the science-based industries.  Australia's next generation of research 

scientists must understand the path required for commercial exploitation and 

have the marketing and entrepreneurial skills required to make the journey. 

Australia needs a critical mass of science graduates with business and 

entrepreneurial skills if it is ever to develop a local high technology industry 

with global markets.[, 2001 #342] 
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In order to facilitate innovation in Australia, there is a need to decrease the walls 

between the disciplinary silos.  Methods that have been outlined include encouraging 

students to undertake cross-disciplinary studies both as undergraduates and 

postgraduates and allowing them to combine unusually disparate subjects [Boyer 

Commission on Educating Undergraduates in the Research University, 1998 #187] such 

as philosophy and epidemiology or economics and science.   

 

It may be worth supporting international collaboration for Australian inventors not 

only for research purposes but also for projects related to product development.   

 

There are also the issues of building up Australian expertise in managing venture capital 

and start-up companies.  Among many options, this could take the form of: 

- encouraging the return of Australian expatriates with the requisite commercial 

experience; 

- university level training programs with appropriate postings in industry both in 

Australia and overseas; and 

- mentorship programs. 

 

This discussion has largely focused on the tertiary sector for building human capital in 

innovation.  As outlined in Chapter 7, the institutional exposure in early childhood, 

mediated especially through the family and education system, appears to have a 

powerful effect on a person’s human capital.  In addition, there are wide differences in 

the social gradients in human capital as measured, for example, by literacy surveys.  If it 

has not already been done, Australia needs to undertake an evaluation of these social 

gradients and attempt to examine its impact on Australia’s long term economic 

performance. If the steepening of these social gradients in human capital restrict the 

national innovation potential, then a major policy issue is whether Australia should 

more thoroughly address institutional factors that cause this social gradient. 
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10.1.3 Improving knowledge transfer: supporting technology and personnel 

transfer  

 

This section discusses improving support for technology transfer in Australia, in 

particular, from the public to the private sector.  This includes recommendations for a 

centralised body for advice on medical commercialisation, improved financing of 

commercialisation, increasing incentives for commercialisation and a review of the 

management of technology transfer.  

 

10.1.3.1 A centralised body for advice on medical commercialisation 

(technology transfer) 

Medical inventors surveyed indicated a strong desire for a commercialisation centre 

enabling them to access first-class advice, form links to potential industry partners or 

find assistance to create a start-up company, and find funds or facilities for testing 

inventions.  This, most commonly, they sought to have funded by government, however 

the locus of control could either be independent or government-based.  Ideally such a 

body would conduct an assessment of the market potential of the technology and impart 

advice on protecting the intellectual property.  It would be best if such a body remained 

impartial and took no stake in the intellectual property and provided its advice for free.  

Inventors would then feel free to approach the organisation without fear of loosing or 

substantially reducing their stake in the technology.  Such a fear, even if unfounded, 

may have the unintentional effect of turning the researcher away and increasing the 

likelihood of an inadvertent mistake being made in managing their intellectual property 

and its commercialisation. 

 

Mr Bruce McHarrie, Chief Financial Officer of the Telethon Institute for Child Health 

Research, speculated during a discussion on 20 November 2003 whether: 

- advice given for free would not be valued; and 

- such a body could afford to attract high calibre advisors that would command 

the respect of inventors seeking their advice. 
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Such a body could provide independent legal advice to university based academics and 

students, especially undergraduates who are often not covered by university intellectual 

property regulations [Monotti (1997), cited in \Cripps, 1999 #326].  Moreover, it could 

also be a source for policy advice on commercialisation. 

 

The question is how to structure the commercialisation centre.  I prefer a hub and 

spokes model – with a hub for assessment and advice on the market potential of the 

technology, and linking the inventor with domestic or overseas companies for licensing 

the technology.  If there is a desire to create a start-up company, the technology could 

be transferred to a local state-based technology transfer organisation for support.  Such 

local support could also manage licenses with domestic or international companies.  

The reason for the initial assessment being centralised is that this would enable the 

advisers to acquire the necessary level of experience and number of contacts in industry, 

in order to provide accurate advice in a timely fashion.  The problem, if such a body 

was to be located in each state, is that they would not accrue the necessary experience in 

the medical area nor accrue the essential contacts in the medical industry both in 

Australia and overseas.  A possible exception might be the states of New South Wales 

and Victoria which appear to generate the bulk of Australian medical patents (see 

Tables 4.13 and 4.14).  Once such a central body had given a written assessment of the 

technology, then a generic state based technology transfer organisation like Anutech at 

the Australia National University, or Techstart in Western Australia or Biocom 

International Ltd in Victoria could take over and assist the inventors in patenting, and 

further commercialisation such as through setting up a start up company or facilitating 

its transfer to industry.   

 

A centralised body would also provide a convenient contact for companies looking for 

specific intellectual property.  An option for the body, which would need to be carefully 

examined, is to develop a database of university experts enabling the advisory body to 

provide interested industry representatives with contact details for relevant scientific 

contacts or research facilities in universities.  Many, if not most, Australian universities 

now have searchable web-based databases set up for people outside the university 

wishing to contact academics with specific expertise, for example, University of 

Melbourne (http://www.unimelb.edu.au/ [13 April 2003]). 
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Access to a database of Australian companies listing their expertise, products and 

manufacturing production methods would greatly assist inventors from the public or 

private sector in the commercialisation process, above all when looking for a potential 

Australian manufacturer or entrepreneurs.  There are databases available to 

stockbrokers and accountants at considerable expense and the question is whether to 

make such access available to inventors from public institutions.  Such data would 

facilitate the selection of companies to approach regarding commercialisation.  

However, with the advent of the internet and the expected evolution of its search 

engines, especially in terms of improved evaluation of information quality, hopefully, 

such data will become readily accessible via the internet.   

 

Before setting up such a body, a review of practices internationally is probably 

desirable.  This could build on previous work especially of two recent Australian reports 

[Johnston, 2000 #324;Cripps, 1999 #326].  Another model worth studying are the Small 

Business Development Centres (SBDC) which are linked to the famous US based 

Small Business Innovation Research (SBIR) program.  SBDC “provide free and 

confidential in-depth counselling, business planning, development, training, and other 

specialized support services to small businesses” [Air Force SBIR Program, 2001 #343: 

16].  The centres also provide a range of “local, state and federal business and program 

information” (p.16).  In Australia the proposed model for commercialisation centres 

could involve a version of a SBDC in each state to help local business development 

with a central agency to initially provide thorough commercial evaluation of its 

potential. 

 

10.1.3.2 Financing of commercialisation  

The most common barrier to commercialisation as identified by 41% of medical 

inventors was the difficulty finding adequate funds (Table 10.40).  In Australia, venture 

capital: 

- is in short supply as Australia spends only 0.06% of GDP on venture capital, 

less than half the OECD average for 1995-1999 [OECD, 2001 #322]; 

- tends to be risk averse with only 13% of venture capital is spent on firms in their 

early stages [OECD, 2001 #322] and is due in part to a shortage of venture 
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capitalists and managers experienced in biotechnology and other high 

technology start-ups – though this is decreasing.  

 

Many venture capital funds have 10 years, by which they would like to divest their 

funds, which is incompatible with the long timelines required for bringing many 

medical patents to market, especially in biotechnology or pharmaceuticals.  A patent for 

a drug can take 8 to 12 years to go through all the clinical testing and government 

registration processes.   

 

Because of this market failure, the Australian government has stepped in and provides 

an increasing number of programs.  There is a need to assess the effectiveness of such 

current financing of commercialisation by the Commonwealth Government2 including, 

for example: 

- Development Grants from the National Health and Medical Research Council 

(NHMRC); 

- the Biotechnology Innovation Fund (BIF); 

- the Innovation Investment Fund (IIF); 

- the Pre-Seed Fund; 

- 150% and now 175% R&D tax concession; 

- Venture Capital Limited Partnerships Program. 

 

Most examination of policy outcomes involves a measurement of inputs and process 

outcomes but not final commercial outcomes with national denominator data.  To 

determine the effectiveness of such programs requires a comparative analysis of 

companies receiving such funding with a control group of non-recipients.  Preferably 

such a study is placed in the context of national outcome data on the size, profitability, 

exports and bankruptcies of companies within the medical industry and on the creation 

of start-up companies.  Without detailed analysis of the Australian industrial scene with 

concurrent measurement of its progress and the industrial impact of such programs – 

their effectiveness will never be ascertained.  In other words, there needs to be a shift 

away from just discussing celebrated cases such as Cochlear Pty Ltd [e.g. \Wills, 1999 

                                                 
2 Most programs are outlined at http://www.ausindustry.gov.au/content/level2index 

.cfm?objectID=91C779C9-E2FF-4B9B-8A3C0EC058CE647C [21 November 2003] 
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#90] but to examine with equal vigour cases of failed commercialisation or companies 

that have become bankrupt or been sold.  It is interesting to note the prominence of 

Telectronics as a successful case in early reports [Richards, 1988 #300;Yetton, 1992 #5] 

and its absence in more recent years [e.g. \Wills, 1999 #90].  However, understanding 

the factors that led to the introduction of the technological error in its pacemaker and 

the attendant lawsuits resulting in the company’s subsequent sale to the US based St 

Judes Medical, are just as, or if not more important.   

 

In order to encourage longer term investment in new companies, the rate of capital 

gains tax should be incrementally reduced the longer an investment is made in such 

companies [Wills, 1999 #90].  Such patient investment capital should be available not 

just for the usual 10 years but up to 15 years with continued accruing of benefits for 

patient investors.  Furthermore, Australian tax regimes should be internationally 

competitive in order to attract investment from overseas, particularly from US pension 

funds [Wills, 1999 #90].  Investments in limited partnerships, which are a major vehicle 

for investment in leading edge technology, have the protection of limited liability.  

However, such investments in Australia are taxed at the corporate rate of 36%, while 

they are generally tax-free in overseas countries.  The Wills [, 1999 #90: 147] report 

recommends that policy in this area “requires a bipartisan approach from political 

parties and may require oversight and intervention by a body with longer-term horizons 

than typical governments elected for a three-year term”.   

 

An additional barrier to commercialisation is geographic isolation and the resultant 

tyranny of distance for Australian researchers trying to commercialise not only 

internationally but also domestically.  A consideration could be to provide targeted 

public or even private funding to support inventors in meeting potential commercial 

partners overseas.  However, this requires careful evaluation as Senker and colleagues [, 

2000 #409] have shown for Ireland, where transferring technology overseas has little 

measurable benefit for the Irish economy. 

 

Provision of finances through development banks who have the mission of identifying 

worthwhile strategic investments which operate, for example “by mobilising domestic 

savings or international bank syndicates” [Mathews, 1999 #76: 6].  An Australian 

example is the syndicate of superannuation funds which planned to invest in medical 
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research with commercial potential through the NHMRC.  However, this initiative 

collapsed because of a lack of adequate “corporate institutional structures around the 

management and protection of intellectual property” arising from medical research 

organisations ensuring they had ownership of the intellectual property and the right to 

sign contracts and assign ownership [Health Report, 2000 #491].   

 

The NHMRC has recently made available Development Grants to provide pre-seed 

funding for commercialisation of medical research.3  These grants are designed to 

support development work for new therapeutic or diagnostic products, including 

creation of a working prototype or a formulation of a chemical compound.  To be 

funded there must be potential benefits to the Australian community.  These benefits 

can include improvement in health or cost reductions for the Australian health care 

systems or improved exports.  The implication is that this funding is mainly for 

Australian based developments rather than those involving overseas companies.  

However, it would be worth debating whether working with overseas companies, who 

may be potential licensors of the invention may not be a worthwhile exercise in terms of 

providing commercial experience for Australian researchers.  Nevertheless, like all 

funding, this would require careful prospective evaluation. 

 

10.1.3.3 Policy development 

The more prolific medical inventors and their organisations could be canvassed 

when developing government policy which may impact on the commercialisation of 

medical technology.  Such surveys could also identify emerging technologies, which 

may be the basis of new industries, enabling government to take an anticipatory stance 

on industry policy.  Second, the medical inventors and assignees could be actively 

targeted with assistance in developing their medical technology, which could be in the 

form of advice, finance or removing bureaucratic barriers.   

 

                                                 
3 see NHMRC website http://www.nhmrc.gov.au/research/grants/devgrant.htm [15 July 2003] 



 

 

21

10.1.3.4 Incentives and supports for inventors to commercialise their 

technology 

Given that the majority of patented medical inventions come from the public sector, 

supports for technology transfer are vital.  In particular, supports to enable not only 

transfer of the technology but also transfer of its inventor.  One of the biggest risks for 

inventors in the public sector is to loose their job.  However, by allowing such 

individuals leave without pay, to either work for industry or create a start-up company, 

knowing that they can return within a certain period (e.g. three years), will improve the 

exchange of personnel between the public and private sectors in Australia. 

 

CSIRO policy supports inventor involvement in start-up ventures by inventors being 

able to decrease their workload or take unpaid leave up to 3 years so that if their venture 

fails they can return to their research post [Thorburn, 1997 #546]. 

 

As Johnston et al. [, 2000 #324: vii-viii] advocate, there is a need to change from the 

current “passive” to a “pro-active commercialisation” of public sector research where 

public sector organisations actively seek “to encourage a higher level of internal 

research commercialisation”.  The report also recommends each university “to modify 

its operating environment by creating a constituency of start-up companies able to 

interact more effectively with the university in the future”.  Their reasoning is that 

Australia does not have a strong industry for universities to interact with and that 

returns from licensing are “limited by the dearth of potential licensors” (p.viii).  Thus, 

“a strategy to commercialise through new ventures, while carrying higher risk, offers 

the possibility of greater long-term returns and the gradual development of a cohort of 

young science-based firms able to interact far more effectively with the science base – 

the virtuous cycle in action” (p.viii).  This thesis advocates a similar line, though the 

emphasis on start-ups is to grow industries, rather than growing vehicles for 

commercialising university research.   
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10.1.3.5 Review of the management of commercialisation by publicly funded 

organisations 

There is a need to review and improve the management of commercialisation by public 

institutions, especially the universities, CSIRO and government departments or 

laboratories rich in intellectual property.  Such a review would need to incorporate the 

views of inventors within those institutions, the technology transfer managers or 

organisations and, in particular, that of industry interacting with these organisations.  A 

good recent example is a review of barriers to entrepreneurial activity by medical 

researchers conducted by Johnston and colleagues [, 2000 #324].  In their review, 

however, there appeared to be an under-representation of business people.   

 

Certainly, universities should conduct periodic internal assessments of the management 

of their intellectual property, and undertake regular intellectual property audits, 

especially at the departmental level.  Ideally, external qualified personnel would 

conduct such assessments and audits.   

 

Ms Nancy Lilly, the former managing director of Elli Lilly Australia, (who now is in 

Indianapolis USA) stated in a conversation on 17 September 2001 after giving a 

presentation at the Telethon Institute for Child Health Research that:  

 

… from where I sit, the way in which Australian research with a commercial 

potential gets presented to me is very ad hoc.  Some approaches are brilliant 

with a business plan, well protected intellectual property with appropriate 

confidentiality agreements etc., whereas others are poorly presented without 

regard to IP [intellectual property] protection etc.  Researchers should be 

cautious in trying to sell their technology; they should involve a business 

manager who understands intellectual property and the signing of confidentiality 

agreements.  Occasionally, scientists are so enthusiastic about their projects that 

they may inadvertently disclose their technology 

 

When public institutions such as universities approach industry for the first time, it is 

important not to be overzealous about recovering the cost of developing an invention as 

that may put industry off.  This is especially the case, if there are any uncertainties 
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about the commercial potential of inventions.  In such ventures, the public institutions 

may not achieve any capital return, and thus, an overzealous approach may stifle the 

learning potential of such relationships. 

 

All universities in Australia should require their students and staff to sign a 

confidentiality and intellectual property agreement before starting at the institution.  

 

10.1.3.6 Recommendation about technology transfer office in Australian 

universities  

In 1998, while identifying technology transfer offices in the process of categorising 

assignees on Australian patents registered in the US, I noticed that:  

- there was no Australian equivalent of the US based Association of University 

Technology Managers (AUTM); and 

- the websites of the university technology offices at the Australian National 

University, Swinburne University of Technology, University of Technology 

Sydney, University of Western Australia, Flinders University did not have any 

links to an association of technology transfer offices or to each other.  In 

addition, there appeared to be a lack of networking between such offices.4  It is 

partly understandable not to have a website link to your competitor but these 

findings suggest that there was not a collegial network in Australia such as the 

AUTM in the USA. 

 

Furthermore, the website of the Licensing Executives Society Australia and New 

Zealand unfortunately does not provide a full list of the technology transfer 

organisations to which its members belong.  It mainly profiles companies with patent 

attorneys.  It is part of Licensing Executives Society International, an international non-

profit professional association, whose members are involved in the transfer of 

technology and industrial or intellectual property rights. (http://www.lesanz.org.au/ [13 

August 2000])   

 

                                                 
4 Verbal communication from Mr Greg Johnston from Technology and Innovation Management Pty Ltd 

in Western Australia on 1/12/1999 
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Compared to other countries, especially the US, there is less commercialisation 

experience in Australian universities, and thus, it would be good if such expertise could 

be shared between these public sector organisations and the private sector in general.  

This could be achieved by encouraging stronger links between the offices and through 

the development of an industry representative body in Australia.   

 

These issues appear to be improving with the recent formation of Knowledge 

Commercialisation Australia (http://www.kca.asn.au/ [22 November 2003]).  It aims to 

foster professional development in technology transfer, provide policy advice, and to 

create a collegiate network.   

 

10.1.4 Institutional change in Australia 

All the aforementioned recommendations on building human capital, and improving 

technology transfer to industry in Australia needs to be considered in an overall 

evaluation of Australia’s institutions and their role in innovation.  The most important 

question is whether Australia requires a pan-institutional shift from supporting primary 

industries to one equally or primarily focused on manufacturing, especially high 

technology products.  This involves an examination of Australia’s culture, industries, 

politics and its international markets. 

 

10.1.4.1 Culture of entrepreneurship 

 

… entrepreneurship is not just something that small start-up firms do, but rather 

… it should be a pervasive facet of our lives 

Michael H. Morris [, 1998 #399: xvi] 

 

The recent Backing Australia’s Ability [, 2001 #355] report recognises the need to 

change Australia’s cultural cringe with success, the so-called tall poppy syndrome.  Our 

survey of medical inventors indicated that the tall poppy syndrome in Australia is alive 

and well and may be stifling people trying to commercialise their technology.  I concur 

with Karpin [Industry Task Force on Leadership and Management Skills, 1995 #327] 

and others that there needs to be a cultural shift to encourage entrepreneurship so that 
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the first bankruptcy is not regarded as a failure but rather as a learning experience – as it 

is in the US.  Celebration of entrepreneurship will arise through training which should 

start in schools like the current National Innovation Awareness Scheme [, 2001 #355].  

Such teaching could start in primary schools and should continue in a much more 

sophisticated manner at high school with teaching of patenting, company laws, business 

planning and what are the known markers of a successful business, especially the 

importance of long term vision right at the birth of a company, and a primary focus on 

customers and not shareholders [Collins, 1994 #176].  Such training should continue at 

a tertiary level not only in universities but also providers of vocational education and 

training.  Australia is behind the OECD average in the level of education of its business 

managers and so encouraging their further education is important to improve the 

innovative capacity of the Australian economy.  Given that universities and other 

publicly funded organisations are the most important source of potential technology in 

Australia suggests that encouraging entrepreneurship in such organisations may be the 

most cost effective target for these policy interventions.  In the end, the publicly funded 

research sector is probably more an important source of personnel rather than 

technology for growing a high technology industry in Australia. 

 

Women should be proactively encouraged to become engineers, scientists and medical 

inventors and entrepreneurs.  The impression I developed throughout this thesis is that 

the feminisation of industry, entrepreneurship and science could potentially have an 

enormous beneficial impact.  Encouraging women to move into these areas may assist 

in changing the current culture in management where the discussion and learning from 

failures is undervalued or actively discouraged.  The feminisation and broadening the 

cultural mix of the work force would assist in bringing a much more sophisticated 

approach to commercialisation especially to South East and East Asian markets.  As 

outlined in the literature review, these are currently Australia’s most important export 

markets. 

 

Creating a nurturing environment for the formation of knowledge-intensive firms 

is another important policy focus.  This means start-ups are “not left to the vagaries of 

‘market forces’” but supported by promoting spin-off companies from the public sector 

and providing infrastructure like science-based industry parks which “offer tax 
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concessions, assistance with recruitment of skilled labour and incubators for small, 

high-tech start-up firms” [Mathews, 1999 #76: 6].  

 

In recent years there have been increasing efforts to celebrate entrepreneurship, 

innovation and science.  These include the Australian Entrepreneur of the Year awards 

[Ernst and Young Australia, 2002 #206], and the Prime Minister’s Prize for Science 

[Commonwealth Office for the Status of Women, 2001 #202].  In Western Australia, 

the Premier’s Award for Excellence in Public Sector Management includes one on 

economic development and another on innovation [Department of the Premier and 

Cabinet, 2001 #201].  Extending such awards to primary and high schools may help to 

increase the interest, and thus, career aspirations of students into these vital areas of the 

economy. 

 

Non-financial incentives and supports for inventors could help them commercialise 

their technology.  First, is the need to recognise and reward inventiveness.  Such as by 

academia, public service and research grant giving bodies such as the NHMRC placing 

value on patents. 

 

In order to foster the growing culture of enterprise and innovation within academia 

[Mercer, 1998 #94], it may be worth considering a reward for the prolific inventors 

and assignees.  Such a reward would serve as recognition of their contribution, as 

encouragement to other inventors and to identify them as role models for young 

scientists.  This would address an aspect of the cringe of intellectual culture in 

Australia. 
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10.1.4.2 Recommendations to improve the domestic manufacture of Australian 

medical inventions 

 

Major social change requires sustained public support and political will 

Jody Heymann [, 2000 #254: 369] 

 

Given the long-term drop in commodity prices, I believe it is absolutely essential for 

Australia to grow a high technology export-obsessed industry if the country is to 

maintain its standard of living in the long run.  This should be undertaken in 

conjunction (and not to the exclusion) of ongoing support of Australian world class 

mining and agricultural industries.  Upon starting this thesis, I believed that to help 

build Australia’s medical industry, the country had to improve the retention and the 

domestic commercial development of its inventions.  I had a “technology push” concept 

of industry growth rather than that of “market pull”.  However, by the end of the thesis, 

I think that in order to commercialise Australian medical inventions, a national industry 

is required which has the capability to harness the commercial potential embodied in 

such new technology and that an industry bathed in a culture of innovation is the best 

place to float Australian invented technology.  A strong domestic industry would 

naturally increase the amount of business R&D conducted in the country, and would 

raise the rate of patenting for Australia – which at present is half the OECD average 

[Narin, 2000 #114]. 

 

The second option is to encourage existing Australian industries to diversify and 

increase the amount of R&D that they undertake.  However, this strategy assumes that 

companies have the flexibility to change.  The example of Pacific Dunlop, an Australian 

resource based company, and its management of Nucleus’ stable of high technology 

subsidiaries especially Telectronics, shows how difficult it is for companies to cross 

industrials streams.  As Dodgson [, 2000 #379: 140] points out  

 

what a firm has done in the past determines what it can do in the future … [a] 

firms’ main products strongly influence the direction for future technological 

change.  Change is always possible, … but it does not happen easily or quickly”.   
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The option of encouraging multi-nationals to set up local subsidiaries is a controversial 

one [Haaland, 1999 #548] but has had apparent success in Singapore [Mathews, 1999 

#76], Ireland and other European countries [Senker, 2000 #409;Senker, 2001 #407].  Is 

the best option for Australia to be growing high technology industries through domestic 

start-up companies? 

 

As Martin [, 1998 #380: 39] points out 

 

While, in general, there has been little targeted planning for technology or 

industry development in Australia over the past 20 years, there has been a 

recurring concern about the adequacy (or absence) of national priorities for 

science and technology.  This concern has usually been linked with issues 

regarding the availability and allocation of resources, but it has not, in general, 

been translated into a strong priority-setting system.  

 

The fundamental question is – can Australia grow a high technology medical industry?  

There are probably two vital ingredients required to grow such an industry.  First, is a 

highly competitive local industry with strong links to world-class universities and high 

quality and innovative service industries [OECD, 2001 #257].  In other words, the most 

important step is to establish a commercial environment in Australia that fosters and 

grows high technology start-ups.  Second, is the complex issue of growing Australia’s 

markets and associated distribution channels internationally with unencumbered access 

for the country’s products?  These three issues will be expanded upon in turn. 

 

Australia has developed a high technology industry in information technology or 

biotechnology especially in the allied or support industries of agricultural, mining and 

telecommunications industries.  However, outside the primary industry sector, the 

revolutions taking place in information technology have not materialised.  In contrast, 

there is a small but dynamic industry in biotechnology [Ernst and Young Australia, 

2001 #309].  However, any promising high technology company that grows beyond a 

certain size appears to: 

- move off-shore such as Cortecs which moved to Cambridge in the UK (changed 

its name to Provalis in 1999); or 
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- require offshore manufacturing sites, for example, Ralph Sariche’s engine 

[Manley, 1994 #461]; or 

- being bought by multinational corporations such as Telectronics by US giant St 

Judes Medical [Ferguson, 1999 #103], and Delta West in Perth by Pharmacia & 

Upjohn Pty Ltd.5   

 

The question is whether Australia can grow high technology industries in medicine 

especially given Australia’s small domestic market and the fact that it is not part of a 

trade bloc such as NAFTA or the EU.  These trading blocs provide relatively unfettered 

access to large markets especially for the small European countries, such as Sweden and 

Ireland, that are often held up as examples for Australia to follow.  Singapore has close 

ties with its surrounding ASEAN nations, whereas Australia has a slightly prickly 

relationship with this group.6  Israel has large economic ties with the US.  There does 

not appear to be a convenient national model of a small country for Australia to follow 

that is not within a trading bloc or does not have strong ties with a trading bloc.   

 

10.1.4.3 Increasing government procurement of domestic products  

A pro-active approach by government could include a decision to use government 

purchasing of new technology (government procurement) in Australia to foster growth 

of the small but vibrant domestic medical industry.  Marceau [, 2000 #549] found that 

the Federal government was not very proactive in targeting its hospital purchases from 

Australian companies.  Such a policy stance by government has been very successful in: 

- Singapore and Taiwan which targeted selected sunrise industries (rather than 

individual companies) with support [Mathews, 1999 #76]; and  

- Europe for biopharmaceutical companies [Senker, 2001 #407]. 

 

New growth industries with high profitability, such as information technology and 

biotechnology, should be supported as has been recommended by the Innovation 

Summit in February 2000 rather than across the board support [National Innovation 

Summit, 2000 #92].  This would be a switch from the current trend of reactive 

                                                 
5 See http://www.wa.gov.au/tiac/biotechnology/biotech-10.htm [23 November 2003] 
6 For example, the Age Newspaper’s article entitled “ASEAN's cold shoulder reflects frosty conditions” 

http://www.theage.com.au/articles/2002/11/08/1036308480356.html [23 November 2003] 
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development of policy by Australian governments which are strongly influenced by 

primary industries which have strong bureaucratic representation and strong political 

lobbies in Australia.  Such lobbies include the National Farmer’s Federation and the 

Mineral’s Council of Australia.  Of course, any such approaches would require 

concurrent evaluation of their cost effectiveness. 

 

10.1.4.4 Does Australia require not only a political but a pan-institutional shift 

from a key focus on primary to high technology industries? 

 

While industries are obviously economic phenomena, understanding the ways in which 

they are built up and run involves many questions which are not economic but political 

and sociological.   

Jenny Stewart [, 1994 #287: 4] 

 

Broadly speaking, in the last 3 decades the liberal democratic governments in the 

OECD have increasingly pulled back and left more issues of innovation and 

development to the markets and in some cases in the last decade have reversed this 

trend dramatically such as in Ireland and Israel.  In recent Australian history, federal 

governments have been either bound to primary industries such as the Liberal Party or 

to unions such as the Labour Party.  However, John Howard, Australian Prime Minister, 

changed after his fateful conversation with Alan Greenspan in 1997.  Mr Greenspan 

pointed out to Mr Howard that he felt the US economy was successful because of its 

enormous investment in and pan-cultural commitment to technology.7  Since that 

conversation the Federal Liberal Government has commissioned a series of reports, 

which have explored the issues of innovation and of a high technology industry in 

Australia.  Despite the negative comments by industry [Skotnicki, 2002 #550] – given 

that so much intellectual property comes from the public sector, the policies indicate a 

good mix focusing on increasing human capital in innovation, through training and 

increasing the quality and focus of research, and encouraging and celebrating 

commercialisation.  Though the next most important step needs to be growing a high 

technology industry in Australia.   

                                                 
7 http://www.pm.gov.au/news/speeches/2000/NationalInnovationSummit1002.htm [31 May 2002] 
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Australia has pioneered many of the institutional innovations, which have forged world 

leadership for Australia’s agricultural and mining industries.  These institutional 

structures include “close public-private collaboration in promoting industry R&D and 

productivity in these industries … It is in recognising that these institutional strengths 

have not been transferred across to manufacturing in Australia that creates the need for 

an informed and wide-ranging” policy debate [Mathews, 1999 #76: 8]. 

 

For Australia to move forward on manufacturing, as Mathews [, 1999 #76: 96-97] states 

it needs: 

 

Government leadership and vision: setting the direction.  … Australia suffers 

from a ‘governmental cringe’ where elected officials cringe in the presence of 

business, always fearing to offer a lead in case this is seen as ‘anti-business’ or 

elitist.  But this helps neither business nor government.  What [is required] is a 

healthy and sustained dialogue between partners, with government constantly 

offering a guided vision and shepherding investment by the private sector 

towards accomplishing that vision … This is not old-fashioned industry policy 

involving picking ‘winners’ but a clear focus instead by government agencies on 

the inputs needed by firms if they are to be successful in knowledge intensive 

industries.  

 

As Porter [, 1998 #78: 89] writes “business and government together create the 

conditions that promote growth”.  If Australian governments want to increase both 

public and private investment in high technology industries, then an assessment of 

current investment policies need to be undertaken.  Above all, there needs to be an 

evaluation of incentives that currently exist for investment in various industries.  One 

pertinent example is to examine the effectiveness of negative gearing in real estate 

which has injected AUD$ 3 to 4 billion of funds into investment housing and helped to 

maintain growth in the Australian housing industry.  Negative gearing allows investors 

in real estate to tax deduct any losses made on their real estate investments.8   

 

                                                 
8 see http://www.abc.net.au/rn/talks/natint/stories/s900036.htm [13 August 2003] 
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Australian governments and policy makers have developed some excellent innovation 

programs such as Factor F program that stimulated pharmaceuticals development and 

the START program.  However, these initiatives remain unconnected, and “need to be 

placed in a much more focused, systematic and long-term institutional context” 

[Mathews, 1999 #76: 96].  For Australia to move forward on manufacturing it needs: 

- a long-term focus on manufacturing high technology goods as a national 

strategic goal; 

- an institutional representation “of a long-term manufacturing strategy” 

[Mathews, 1999 #76: 95] which will forge a set of institutions which drive high 

technology firms towards an export orientation and towards continuous 

technological and organisational innovation.  Examples of such an institutional 

embodiment of a long-term manufacturing strategy, are the Council for 

Economic Planning and Development in Taiwan and the Economic 

Development Board in Singapore.  There are calls to create a similar institution 

in Australia with a ten-year and twenty-year strategy, which is not subject to the 

vagaries of three to four year election cycles of the Federal Government of 

Australia [Mathews, 1999 #76]. 

- “strategies to support the development of industry clusters and upgrading ot 

technologies by firms themselves” [Mathews, 1999 #76: 96]. 

- to supply “high-quality inputs such as educated citizens and physical 

infrastructure” [Porter, 1998 #78: 89]. 

- maintain the Australian Competition and Consumer Commission and prevent 

huge monopolies that stifle competition [James, 2002 #462].9   

 

Australia been able to “ride on the sheep’s back” and depend on mining for its export 

income, and has not had to face the difficult issue of changing its industrial trajectory, 

such as Switzerland, Singaporean, Taiwan, and Japan, who have few natural resources, 

and thus, are dependent on their manufacturing industries for income.  In these 

countries, this change required a political institutional shift such that “the governing 

                                                 
9 The prevention of the formation of domestic monopolies is not a straightforward issue.  The Australian 

Competition and Consumer Commission aims to prevent the creation of enormous monopolies, especially 

in banking or retail.  These have the potential for suffocating domestic innovation.  This is in contrast to 

Cochlear Pty Ltd which has developed a global monopoly in ear implants and from its inception was 

competing globally with no domestic competitor. 
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elites resorted to manufacturing prowess as a means of securing their national identity 

and self-sufficiency” [Mathews, 1999 #76: 94]. 

 

A crucial feature of the institutional framework, unlike Australia, is that they are led and 

coordinated by a lead agency.  The institutional framework required to drive high 

technology firms in Australia includes [Mathews, 1999 #76]: 

- further bolstering and adapting the CRC program; 

- playing a leading role in creating and shaping markets by being the first 

purchaser;10 and 

- increasing the support for firms seeking to break into export markets through 

strengthening the role of Austrade. 

 

The Federal Government’s role in the development of a high technology industry in 

Australia should focus on the creation of a business environment that promotes the 

development of competitive, innovative and export-oriented businesses.  Activities that 

enhance this role include: 

- creating one ministerial position in federal cabinet with their own department 

dedicated solely to high technology industries; 

- developing policy that improves Australia’s national innovation and 

entrepreneurship system particularly in regard to their impact on high 

technology businesses;  

- forging and applying statistical tools for tracking high technology industries in 

particular their growth, domestic and foreign ownership, exports and rate of 

relocation overseas;  

- refining policy shaping the business and regulatory environment for the high 

technology sector including capital gains tax, R&D taxation incentives, the 

availability of venture capital and the impact of current takeover laws; and  

- developing further policy options to improve the availability of capital for start-

ups and rapidly growing high technology firms, drawing on insights developed 

through the OECD [, 2001 #257]. 

 

                                                 
10 In Taiwan, the early firms and markets in semiconductors “were created deliberately by public sector 

agencies, in advance of any demand from the private sector”.[Mathews, 1999 #76: 7] 
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Using government purchasing to support industries considered to be of strategic 

importance by being the first purchaser of such new technology to enable start-up 

companies to establish themselves.  In 1994-95, Australian health services purchased 

AUD$1 billion of specialised products including equipment and drugs, of which 71% 

came from overseas [Australian Expert Group in Industry Studies, 2000 #345: 18].  

Some of this purchasing could be targeted to emerging Australia companies which are 

considered to be of strategic importance.  There is probably little to be gained by 

making such purchasing compulsory for all products – as outmoded or sunset industries 

will not help the Australian economy improve its performance in the long run.   

 

A possible mechanism for Australia to increase R&D in business is to adopt the highly 

successful Small Business Innovation Research (SBIR) program from the US.  The 

SBIR program was created in 1982 and “was designed to stimulate technological 

innovation among small private-sector businesses while providing the government 

technical and scientific solutions to their own problems” [Air Force SBIR Program, 

2001 #343].  The SBIR program aims to award Federal R&D contracts to small 

businesses in the US.  The aim was to foster high quality R&D in business while 

providing the company with the opportunity to profit from its commercialisation.   

 

While small business is ultimately responsible for the commercial marketing and sale of 

the technology or product developed under the SBIR program, the government supports 

commercialisation efforts, when possible, by being the first purchaser. 

 

What government policies assist in the exploitation of biotechnology?  The European 

experience as outlined by Senker and colleagues [, 2000 #409] indicates that 

government investment in industrial exploitation of biotechnology is important but 

policies for technology transfer appear to be equally crucial.  Three groups of transfer 

policies are involved and aim to [Senker, 2000 #409: 606]: 

- “stimulate industrial interest and capability in biotechnology”; 

- “support academic scientists to commercialise their findings through spin-off 

companies or transferring knowledge to existing companies”, preferably 

domestic companies (as transferring to foreign multi-national companies in 

Ireland did not help foster a domestic bioindustry); and 
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- “promote interaction between academic and industrial scientists to facilitate 

two-way knowledge flows”. 

 

In summary, Australia needs a global institutional shift away from a dependency on 

primary industry to manufacturing industry.  For this shift to occur requires a change in 

all its institutions, a pan-institutional shift, especially in the family (a flattening of social 

gradients), education, economics and politics.  A culture of entrepreneurship and a 

focus on building a high technology industry while maintaining the strength of its 

primary industry.  To abandon primary industries would mean a loss of the major force 

for wealth creation in this country.  Thus, a gradual but concerted transition is required. 

 

10.1.4.5 Expanding Australia’s markets 

Policy options for Australian governments to assist Australian companies in increasing 

their access to world markets are somewhat controversial but I believe need to be 

carefully considered.   

 

Policy tools could include bilateral trade agreements, as the US has done with great 

success since World War II [Hook, 2000 #547].  A controversial proposal involved 

attempting to create a trade bloc under the auspices of APEC or ASEAN.  Australia’s 

economy is often compared to that of Canada and small European countries like 

Holland, Denmark, Sweden and Finland.  The reason for the comparison is that they 

have similar dependence on primary industries of agriculture and mining and similar 

sized populations.  However, the fundamental difference between Australia and these 

countries is that all the other countries have good access to very large markets of either 

the North American Free Trade Agreement (NAFTA) or the European Union (EU).  

The emergence of such trade blocs has meant Australia’s access to those lucrative 

markets has been reduced.  Exports to the EU had dropped from 16% of total exports in 

1986-87 to 11% in 1995-96.11   

 

                                                 
11 See 

http://www.abs.gov.au/Ausstats/abs@.nsf/0/6cfbf20205a8e036ca2569de00200127?OpenDocument [23 

November 2003] 
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Is there any evidence of a benefit to belonging to a trade bloc?  The Cecchini Report [, 

1988 #551] estimated that the common market of the EU created gains of 5.3% for EU 

GDP through removal of non-tariff trade barriers, removal of production barriers, 

increased economies of scale, and intensified competition. 

 

So what are the options for Australia?  Should it try and form a trade bloc within APEC 

or ASEAN?  I think this is unrealistic because the success of the trade blocs is partly 

based on the countries having very similar institutional structures with good transparent 

accounting systems and reliable legal systems and low levels of corruption (so-called 

high trust societies [e.g. \Fukuyama, 1995 #56]).  However, countries to our north – 

other than Singapore and Japan, have varying degrees of corruption, nepotism and weak 

accounting and legal systems.  Even Japan has been economically crippled by its 

institutional inertia surrounding financial regulations.  The crash of the South East 

Asian economies in late 1997 was thought to be partially for these factors and not only 

to the fall in the value of their currencies when money markets withdrew their funds 

from these countries.   

 

If these societies and their economies are too different for us to effectively help build a 

regional trade bloc, what are Australia’s option in the long-term?  If these countries are 

too different now – should Australia help them to evolve into high trust societies with 

liberal democratic governments?  If Australia decided to pursue this option, it has a 

number of options to encourage such an evolution in its neighbours through: 

- continued provision of education to overseas students from these countries;12 

- providing scholarships for talented but poor students from these countries;   

- signing bilateral trade agreements, conditional on a minimum quality of 

institutions especially in accounting and legal systems and freedom of speech; 

- supporting human rights and democratic movements in those countries and 

through international organisations such as the United Nations, World Bank, 

International Monetary Fund, private foundations such as that created by George 

Soros13; 

                                                 
12 Just by being exposed to Australian society, and not necessarily being taught about democratic 

institutions (which might be regarded as indoctrination by their home countries), foreign students will 

return home with an idea of what a liberal democratic society entails. 
13 See http://www.soros.org/about/bios/a_soros [23 November 2003] 
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- encouraging exchanges of Australian high school and university students, 

academics and business people with these countries. 

- providing experts on law, accountancy, and industry development to these 

countries such as through Australia’s aid program called AusAid; and 

- encouraging the learning of South Asian languages in order to foster 

understanding, tolerance and curiosity about their cultures, and thereby, 

facilitate business exchanges on a much deeper and more sophisticated level (as 

at present most Australian ties in high technology industry are with North 

America and Europe). 

 

For example, at present Japan is in economic stagnation, and thus, it would be an 

opportune time for Australian government and its industries to be supporting Japan in 

addressing their economic and political problems.  Certainly there is strong evidence 

that democratic states have higher levels of trade with each other than other regimes 

[Bliss, 1998 #390].   
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10.1.5 Improving data on innovation 

 

To develop better growth strategies we need better information. 

Jane Marceau [, 1997 #344: 2] 

 

Outlined in this segment are a number of suggestions for improving the quality and 

availability of data on innovation. 

 

10.1.5.1 Tracking the commercialisation milieu in Australia 

In order for Australian policy makers to make timely and accurate decisions they 

require timely and accurate information on innovation not only at the level of the nation 

and industry and but also that of individual firms and inventors.  The current data that is 

collected on innovation inputs such as investment in R&D, and innovation outputs such 

as exports need to be more tightly linked and made publicly available, ideally through 

the Australian Bureau of Statistics.  The classification of such inputs and outputs need 

to be better matched and more detailed, such that investment in biotechnology R&D can 

be related to biotechnology exports.  The same should go for pharmaceutical, electro-

medical and other medical device industries.   

 

The second proposal is to collect data at the level of individual inventions.  The reason 

for recommending regular surveys inventors and assignees is that they can generate a 

detailed picture of technology transfer or commercialisation for all sectors ranging from 

the individual inventor, universities, governments and within industry.  They would also 

provide insights of the current state of industry, their ability and willingness to 

commercialise new technology.  It would also provide a measure of the state of the 

culture of entrepreneurship in Australia which would complement that generated by the 

Global Entrepreneurship Monitor [Hindle, 2001 #265].  For example, it would generate 

a picture of whether these organisations support entrepreneurship and whether inventors 

are willing to create a start up company.  It would demonstrate whether there has been 
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an increase in the proportion of start-up companies from commercialising Australian 

medical intellectual property.14 

 

This view would be complemented by undertaking regular survey of the biomedical 

industry throughout Australia questioning about their involvement and perception of the 

conditions for commercialising technological innovations.  Such monitoring of the 

medical industry in Australia would generate information on the growth of medical 

companies, the formation of new ones, level of bankruptcy and the creation or closure 

of manufacturing facilities.  Particularly desirable would be information on their sales, 

exports and profit levels.  Also by undertaking geographical spatial analysis the genesis, 

growth and shrinkage of industry clusters can be monitored.  Ideally these surveys 

would occur on an annual basis, enabling an anticipatory stance on policy development 

and allow early policy adjustments.  In addition, it would provide an insight into the 

quality of service industries such as venture finance as to its ability, and preparedness to 

be involved with commercialising Australian intellectual property.  

 

Surveys of inventors and assignees as part of national innovation surveys, as run by the 

OECD or the Australian Bureau of Statistics, if conducted regularly would provide an 

evolving picture of commercialisation.  By including both inventors and assignees, this 

would provide a more completed picture of commercialisation – simplistically inventors 

would generate more of a depiction of the “R” in R&D and assignees more of the “D”.  

Though, as our survey has shown, inventors generally do have a clear understanding of 

the commercial outcome of their patent.  Such innovation surveys would provide a view 

of innovation outside the current national innovation surveys which are very business-

focused.  In the current circumstances in Australia, where 53% of medical patents come 

from publicly funded institutions, it is vital to explore the quality of technology transfer 

and the transfer of personal from such institutions to business.  In future research or 

surveys it will be important to explore the vital role and views of other players in the 

commercialisation process.  This includes entrepreneurs and the owners and managers 

of intellectual property not protected by patents in business, university, government, 

research institutes or finance industry.  If innovation surveys broadened their scope that 

                                                 
14 Such analysis would also provide opportunities for prospective assessment of any predictor tools such 

as the innovation potential score for medical patents developed in this thesis (Section 5.7.1). 
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would enable policy makers to have a much clearer view of innovation and thus be 

better able to formulate policy that enhances a country’s ability to commercialise and 

hopefully maximise the social and commercial gain from the intellectual property it 

generates.   

 

All publicly funded organisation need to provide data on the number of publications but 

also the number of patents that they have applied for and been granted.   

 

In addition, provisional and complete patent applications and granted patents should be 

included (with respective increases in weighting to reflect their value) with publications 

in the formula used by the Commonwealth Department of Education, Science and 

Training to fund Australian universities.  

 

10.1.5.2 Improving patent data for innovation research  

Two recommendations are made with regard to improving patent data for innovation 

research by scientists or policy makers.  First, in order to facilitate, undertaking surveys 

on commercialisation, it should be compulsory for each inventor and assignee to list a 

contact address on the patent.  Patents ideally should also list email addresses (which 

should be kept for at least 10 years or if it is changed, the inventor should be obliged to 

update their contact details during the annual renewal of patents).  In this manner, if the 

first inventor is deceased or cannot be contacted then the second-listed inventor is 

available to be surveyed.  This would make it easier to survey inventors and assignees 

not only by academics but more importantly to consider including them in national 

innovation surveys similar to those run by the OECD or the Australian Bureau of 

Statistics.  The problem is that most professional people receive or are invited to 

participate in an increasing number of surveys.  In order to avoid low response rates and 

increase the incentive for participants to participate, the following could be 

implemented including:  

- just the Australian Bureau of Statistics do the survey in consultation with other 

interested parties; 

- the Australian Bureau of Statistics compel inventors to participate using its 

legislative powers; 

- the survey instruments be thoroughly tested and validated; and 
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- the results are made broadly available. 

 

The inventors be motivated to participate as they knew that the number of surveys to be 

conducted were reduced as the interested parties had all got together to develop and 

implement the one survey instrument. 

 

Second, given that biotechnology is thought to be the industry of the 21st century,[Wills, 

1999 #90;Biotechnology Australia, 1999 #91] patent classification systems such as the 

new North American Industry classification system (NAICS) should include a 

biotechnology subsection in the all the relevant industry areas, especially 

pharmaceutical (for example, NAICS codes 325411 and 325412).  The International 

Patent Classification (IPC), for example, has a number of technology classes including 

C12M, C12N, C12P, C12Q and C12S, which are used by the OECD to identify 

biotechnology patents [OECD #322: 32].  This allows patenting in biotechnology to be 

more readily monitored and if appropriate fostered.  

 

10.1.5.3 Measuring and valuing Australia’s medical research 

The output of Australian medical research that has been valued the most by government 

and universities are publications and the ability to attract research funding.  However, 

any portfolio of outcome measures for publicly funded medical research in Australia 

should include patents, industry productivity or sales, new ventures or products, or new 

industries [Wills, 1999 #90]. 

 

10.1.5.4 Better information is needed on Australia’s high technology industry 

and its exports 

In order to have a proper debate about Australia’s exports performance, especially given 

the recent interest in building Australia’s biotechnology and ICT industries, better 

information is needed on Australia’s high technology industry and their exports.  Within 

the confines of what is acceptable in disclosure of commercial information - ideally 

researchers and policymakers would have access to information on the products being 

sold domestically and exported, their value and the number and size of the companies 
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involved.  I found it fairly difficult to identify the size and scope of the Australian high 

technology industry related to medicine.   

 

On another note, I found the method of classification of exports by the Australian 

Bureau of Statistics and the Bureau of Foreign Affairs misleading especially having 

simply transformed manufactures (STMs) which are essentially processed commodities 

classified as manufactured products.  The total export of manufactured goods, which 

bundles STMs and elaborately transformed manufactures (ETMs) together, is the 

statistic most commonly used in political and media debate.  These data, for example, 

were reproduced in the OECD economic survey of Australia [OECD, 2001 #279: 36].  

However, discussion on ETMs has featured more prominently in recent years.  Rather 

than having the simplistic division of exports into STMs and ETMs, more detailed 

information is required.  The Australian Bureau of Statistics uses the UN developed 

Standard International Trade Classification (SITC) Revision 3, for classifying Australia 

exports.  The Australian Bureau of Statistics [, 2002 #281] releases the data to the two 

digit level through its website in Catalogue No. 5432.0.65.001.  However to debate or 

research issues on high technology to any depth it would be helpful if Australia’s export 

data were available publicly to the 3-digit level of coding.  Unfortunately, these 

concerns did not feature in the discussion on emerging issues in their book on 

International merchandise trade Australia: concepts, sources and methods [Trewin, 

2001 #294].   

 

There is a real need to link innovation and business statistics to develop a clearer 

understanding of the link between the innovation and business performance especially 

with regard to sales and exports of products and services and the profitability of firms.  

Most analysis involves disaggregated data examined on a national basis or by industry 

sector as is seen for example in the OECD Science, Technology and Industry 

Scoreboard [OECD, 2001 #322;OECD, 1999 #312].  Ideally the current innovation 

statistics related to industry would all be collected and compared at the level of the firm, 

as outlined in Table 7.6. 

 

Having the data linked at the level of individual firms would mean that the interaction 

and impact of all the above factors on industry growth could be measured. It would also 

mean that changes in industry or tax policy can then be more finely tuned to the needs 
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of the small but vibrant domestic medical industry.  There may be enormous 

implications for confidentiality especially where a specific industry involves a small 

number of firms and where companies, such as Cochlear Pty Ltd, could be readily 

identified even if the data are published aggregated at the industry level.  There also 

needs to be accurate, independent, detailed information of innovation in universities, 

government and industry which is released for public discussion.   

 

10.1.6 Conclusion 

 

To realize the full benefits of patented intellectual property arising in Australia and 

minimise wastage of commercial potential, requires a pan-institutional shift to a culture 

of entrepreneurship and a belief in the need to develop a high technology industry in 

Australia.  In particular, the Australian political institutions, including state and federal 

governments, need to implement a number of policies.  Fundamentally they need to 

decide whether building a high technology and export focused industry in Australia is a 

main economic policy objective.  To achieve this requires an attitudinal shift both 

politically and culturally celebrating and rewarding entrepreneurship, invention and 

science.  Concentrated policy work on building human capital, technology transfer, high 

technology start-ups and growth of existing high technology companies including 

focusing on building market access internationally will assist in this endeavour. 

 

In addition, policy makers especially at the federal level should recognise the likelihood 

that reducing government support of education and research in the health sciences in 

Australia will undermine the training of medical inventors and weaken or destroy the 

main source of medical innovations in Australia.  Publicly funded research is a major 

provider of patented technological innovations upon which many successful medical 

companies in Australia have been founded.  Potentially Australia has a strong scientific 

platform for building up Australia’s emerging and export-focused yet vulnerable 

biomedical industries.    

 

There is a question whether the steepening of the social gradient of adult literacy will 

diminish human capital and hence restrict the national innovation potential.  Thus, a 



 

 

44

major policy issue is whether Australia should more thoroughly assess and address 

institutional factors that cause the social gradient. 

 

This thesis has focused on improving the process of bringing new Australian medical 

inventions to market.  It has shown this process largely arises from publicly funded 

research or companies with their genesis in publicly funded research.  Addressing the 

barriers to commercialisation, can assist more of Australia’s excellent research to find 

its way to market, improving the income for universities and teaching hospitals in the 

current climate of increasing financial constraint.  Ideally it would also assist in 

growing a domestic medical industry by enabling it to better harness research with 

commercial potential.   
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10.2 CH2.6:  SOURCE OF INNOVATION STUDIES: A WAY TO ASSESS 

THE DETERMINANTS OF INNOVATION? 

 

How good are studies examining the sources of innovation at assessing the determinants 

of innovation?  To answer this question one must investigate the methods employed to 

examine the relationship between a putative determinant and an outcome.  These 

empirical methods include study design, in particular, methods of selecting the sample 

and analysing the results.  This investigation will demonstrate that most studies looking 

at the source of innovation do not examine the determinants of innovation in a way that 

enables the induction of a generalisable theory or the deduction of causality.   

 

These studies had various aims and often were not looking at the determinants of 

innovation.  This review is not a criticism of their approach, rather these studies are 

used as a means to examine the relationship between study design and how well it 

identifies the determinants of innovation.   

 

Sources of innovation have been examined in a number of ways.  These include 

correlations between macroeconomic variables, bibliometric studies, case series and a 

retrospective cohort study following study designs described in Table 2.3.  There is an 

emphasis on studies examining medical technological innovation.   

 

10.2.1 Macroeconomic correlations 

 

Macro-economic approaches to sources of innovation show, for example, a strong 

correlation between the prevalence of “technologists” (engineers and chemists)15 in US 

states and the number of patents and designs granted [Schmookler, 1957 #463].  

Furthermore, economic growth in a country is directly related to its level of R&D and 

external patenting.  Fagerberg and Verspagen [, 2002 #378] found a positive 

relationship between GDP per capita and international patenting activity (as measured 

                                                 
15 Technologists are defined as “electrical, mechanical, chemical, industrial, mining and metallurgical 

engineers; chemists, assayers and metallurgists” [Schmookler, 1957 #463: 326]. 
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by patenting in the US per billion dollar exports) and R&D intensity (total R&D as a 

fraction of GDP).  They examined this relationship for 29 countries from 1966 to 1995.   

 

Particularly, at the technology frontier, the differences between countries in 

terms of ‘pure’ innovative efforts (as primarily indicated by patents, … ) become 

more and more important for explaining differences in growth performance 

[Fagerberg, 2002 #378: 1303]. 

 

 
Source: [Narin, 2000 #114: 28] 

Figure  10.1: Patent count versus GDP by inventor country 

 

In Figure 10.1, the correlation of the number of US patents granted in 1998 with the 

absolute value of GDP in that country, showed a strong relationship (R2 =0.8303).  It 

should be noted both axes are in logarithmic format.  Australia is below the world 

average in the overall number of patents as a proportion of GDP especially compared to 

similar resource intensive economies such Finland and Canada.  Australia would need 

to increase its patenting activity by 70% to be at the average level for the described 

countries.  Countries above the line of best fit are performing above average, with the 

best performers being Taiwan, Switzerland and Sweden.  

 

Despite the high level of abstraction of data, these data are nationally representative.  

Furthermore, the consistency of these associations is supportive of a causal relationship.  

However, the big problem is that one cannot be absolutely certain whether the 

correlation is causal or spurious.   
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10.2.2 A historical bibliometric study of the source of medical innovation 

 

Comroe and Dripps [, 1977 #102;, 1976 #17] examined the source of the top ten clinical 

advances in cardiovascular and pulmonary medicine and surgery from the 1940s to the 

1970s.  These advances included open-heart surgery, surgery on arteries, drug treatment 

of high blood pressure, antibiotics, and new diagnostic methods for cardiovascular and 

pulmonary disease.  Such advances have included thousands of medical technological 

innovations.  With the help of 140 physicians they identified 137 essential bodies of 

knowledge for these advances and the 2,500 scientific reports regarded as important to 

their development.  With independent ranking by consultants, 529 key articles were 

identified which were regarded as crucial in leading to the clinical advance of interest.  

The chronological lists of these publications are essentially following technological 

trajectories mainly over the last 400 years.  A good example is electrocardiography; 

methods used to measure electrical activity in the heart as a means of diagnosing 

diseases of the heart, such as of a heart attack.  The chronological list started in the BC 

period (with the “ancients” discovering early manifestations of electricity including 

electric fish, rubbed amber, lodestone and terrestrial lightning) and included scientific 

publications since 1660 [Comroe, 1976 #17: 107].   

 

These articles were categorised as being either “clinically” (59%) or “not clinically” 

(41%) oriented [Comroe, 1976 #17: 109].  In other words, 41 percent of the researchers 

expressed no interest in a clinical problem in their articles – “their goal was knowledge 

for the sake of knowledge” [Comroe, 1976 #17: 109].16   

 

Can these findings be translated into a discussion on the source of innovation?  They 

provide a technological trajectory as described by scientific publications and 

demonstrate its strong path dependence, with each advance building on previous ones.  

They also provide an insight into the coupling model of innovation (which is to be 

                                                 
16 An example of an article that is not clinically oriented is one by Benjamin Franklin [Comroe, 1976 

#17: 107].  In it he outlines his discovery of electricity with the kite and key used to charge a Leyden jar 

from lightning in 1752.  This article was regarded as a crucial step towards the development of 

electrocardiography.   
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discussed in Section 10.3.1).  Given that the study was concentrating on scientific 

publications, there was probably some science push in the generation of all papers.  It 

would be fair to say that 59% of key articles with a clinical orientation encompassed a 

coupling model of innovation and 41% without a clinical orientation primarily 

represented a science push model.  

 

A description of a technological trajectory, such as this, does not identify the causal 

factors that contributed to its creation and its historical course.  This would necessitate 

the examination of such causal factors as institutional frameworks [North, 1990 #441], 

culture, natural resources [Diamond, 1997 #433], and the development of other 

technology (e.g. Gutenberg’s invention of the printing press which was first introduced 

in 1453).   

 

10.2.3 Case studies of the sources of medical innovation 

 

Jewkes, Sawers and Stillerman [, 1962 #372] in their classic book The sources of 

invention attempted to look at such sources in a systematic way, though it probably is 

more accurately described as a series of interesting case histories.  They describe 

inventions arising from the work of individual inventors to those working in 

corporations from the 18th to the 20th century.  They make generalisations, which now 

seem dated, such as “The industrial laboratory does not appear to be a particularly 

favourable environment for inducing invention” [Jewkes, 1962 #372: 132].  Rather than 

competition, they argue that “inventions will be most actively developed under 

conditions of monopoly” [Jewkes, 1962 #372: 212].  The book includes case histories of 

medical discoveries, all originating from the work of academic physicians, including 

insulin, penicillin and streptomycin.   

 

The source of innovation in these individuals was examined in terms of their activities 

as an adult.  From the perspective of an individual’s life course, these are proximal 

sources of innovation but the more distal ones arising out of childhood were not 

explored.  As the above comments probably indicate, the selection of these studies is 

biased toward successful innovations.  These cases are good at raising hypotheses but 

are unable to test causality. 
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10.2.4 Descriptive studies 

 

On a more microeconomic level are the studies investigating the relative influence on 

innovation of firms or organisations or individuals that are defined as users, producers 

or suppliers of a particular technology of interest.  Freeman [, 1994 #490: 470] regards 

the role of innovation users as “one of the key topics in the research on ‘national 

systems of innovation’ ”.  These studies tend to be a series of cases concerning 

successful and sometimes a handful of unsuccessful technological innovations.  These 

investigate the source of innovation retrospectively through interviews with individuals, 

who by themselves or as part of an organisation, are deemed to be either a user, 

producer or supplier.  These “functional sources of innovation” were defined by von 

Hippel [, 1988 #105: 3] as follows.  

 

This involves categorizing firms and individuals in terms of the functional 

relationship through which they derive benefit from a given product, process, or 

service innovation.  Do they benefit from using it?  They are users.  Do they 

benefit from manufacturing it?  They are manufacturers.  Do they benefit from 

supplying components or materials necessary to build or use innovation?  They 

are suppliers. 

 

Von Hippel examined the sources of innovation over a 30-year period and summarised 

his findings in The sources of innovation [, 1988 #105].  He defined three major sources 

of innovation – supplier, manufacturer and user.  The source of innovation varies 

between different industries and different technologies (Table 10.1). 

 

Von Hippel’s [, 1988 #105] work describing the dominant role users play as innovators 

in a number of specific industries, has been very influential.  Many studies have now 

confirmed the vital role users play as innovators in a range of industries including 

processing machinery, software applications, medical equipment, scientific instruments 

and machine tools (Table 10.1).   
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In Table 10.1, sample sizes are relatively small starting at 6 innovations with only 3 

studies including more than 100 innovations.  Two studies [Shaw, 1985 #466;Biemans, 

1991 #468] included inventions that did not become innovations, so-called “failures” or 

“unsuccessful” innovations, which coincidentally represented 18% of both study 

groups.   

These studies could have examined the determinants of innovation through bivariate 

analysis comparing the characteristics of successful and unsuccessful innovations.  

However, this was not done, probably because of the small number of innovations 

involved.  All the other studies, by not including failed innovations, were unable to 

undertake a statistical analysis of the determinants of innovation.  The studies all focus 

on a specific technology.  In terms of being able to generalise findings, the question is 

how representative are these innovations of all such innovations within an innovation 

system e.g. technological, sectoral or national.  These are all descriptive studies, usually 

a series of cases, which are open to selecting a biased non-representative sample.   
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Table  10.1: Sources of process and product innovations 

Author Innovations Source of innovations* 
(year of 
publication) 

 N User Man.a Supp-
lier 

Other

1. Process innovations     
Enos 
(1962)# 

Major petroleum processing innovations 7 43% 14% - 43%b 

Freeman 
(1968)# 

Chemical processes and process equipment 
available for license, 1967 

810 70% 30%   

Lionetta 
(1977)# 

All pultrusion processing machinery innovations first 
introduced commercially 1940-1976 which offered 
users a major increment in functional utilityc 

13 85% 15%   

von Hippel 
(1977)d 

Semiconductor and electronic subassembly 
manufacturing equipment: 

    

 - first of type used in commercial production 7 100% 0% - - 
 - major functional improvement 22 54% 18% - 27%e 
 - minor functional improvement 20 50% 25% - 25%e 

Process equipment using industrial gases 12 42% 17% 33%  [von Hippel, 1988 

#105]f Process equipment using thermoplastics 14 43% 14% 36%  

2. Product innovations     
Knight  Computer innovations 1944-1962:     
(1963)# - systems reaching new performance high 143 25% 75%   
 - systems with radical structural innovations 18 33% 67%   
Berger 
(1975)# 

All engineering polymers developed in U.S. after 
1955 with > 106 lbs. Produced in 1975 

6 0% 100%   

Boyden 
(1976)# 

Chemical additives for plastics – all plasticizers and 
UV stabilizers developed post World War 2 for use 
with 4 major polymers 

16 0% 100%   

Scientific instrument innovations:g    [von Hippel, 
1976 #469] - first of type (e.g. first NMR) 4 100% 0%   
 - major functional improvements 44 82% 18%   
 - minor functional improvements 63 70% 30%   
VanderWerf 
(1982)# 

Wirestripping and connector attachment equipment 20 11% 33% 56%  

Electron spectroscope innovations:    [Riggs, 1994 
#359] - new functional capability of scientific importance 17 82% 18%   
 - convenience or reliability improvement of 

commercial importance 
24 13% 87%   

 - sensitivity or accuracy improvement of 
commercial importance 

23 48% 52%   

[Shaw, 1985 
#466] 

Medical equipment innovations in the UKh 34 76% 15% ? 9%i 

[Biemans, 
1991 #468] 

Medical equipment innovations in Hollandj 17 59% 47% ? 41%k 

[Shah, 2000 
#472] 

All important innovations in snowboarding, 
windsurfing and skateboarding equipment 

    

 - first of type (e.g. first skateboard)  3 100% 0%  0% 
 - major improvements 19 53%l 37%  11% 
[Rickne, 
2002 #473] 

Innovations from all biomaterial firms in Ohio, 
Massachusetts and Swedenm 

51 61% 55%   

 
Adapted from von Hippel [, 2002 #465: 7] 
* data classified as “not available” was excluded from percentage computation 
# original papers were not reviewed by me 
a man. = manufacturer 
b attributed to independent inventors and invention development companies 
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c figures shown are based on a reanalysis of Lionetta’s (1977) data according to von Hippel [, 2002 #465: 
7] 

d these data summarise those described in Table 2-11 [von Hippel, 1988 #105: 22] – the percentages are 
not consistent with those that appear in von Hippel [, 2002 #465: 7]. 

e includes innovations developed by both user and manufacturer for major (14% =3/22) and minor 
(10%=2/20) improvements 

f data reproduced in Table 3-13 [von Hippel, 1988 #105: 40] 
g scientific instrument included gas chromatography, nuclear magnetic resonance (NMR) spectrometry, 
ultraviolet spectrophotometry, transmission electron microscopy [von Hippel, 1976 #469: 223] 

h includes 6 innovations classed as “failures”.  These results are also discussed in a later paper by Shaw [, 
1993 #467] 

i “Other” are labelled as “intermediaries” in the article are from the UK public sector and include the Medical 
Research Council, Department for Health and Social Security, and Department of Industry (though as a 
source of innovation, their relative contributions were not quantified) [Shaw, 1993 #467: 361] 

j includes 3 innovations classed as “unsuccessful” and 7 “too early to judge” and 7 “successful” innovations 
[Biemans, 1991 #468: 165].  The data come from Table 2 (p.168) and indicates the proportionate 
involvement of “users”, “manufacturers” and “third parties” at the “idea” stage of product development.  
These data conflict with data in the text where in “(53%) [of cases] the product development process was 
initiated by user or third party” [Biemans, 1991 #468: 168].   

k these refer to “third parties” which include included among others, other companies (competitors, 
suppliers, distributors), universities, research funding agencies, and government inspection agencies 
[Biemans, 1991 #468: 170]. 

l includes innovations by users and by “user/manufacturers” who made a small number of copies for others 
to support their pursuit of their sport (so-called “lifestyle” firms) see Table 3 [Shah, 2000 #472: 10].  Again, 
these results are inconsistent with [von Hippel, 2002 #465: 7] 

m ‘N’ and % are based on the number of firms (not innovations) [Rickne, 2002 #473, Table 7.1], 
manufactures in the paper are called related biomedical companies 

 

 

To avoid selection bias a number of studies have selected all innovations in the 

technology of interest, over a specified period of time and geographic region.  The study 

by Rickne [, 2002 #473] will be discussed as it demonstrates the complexity of the 

source of innovation.  However, the fundamental flaw in such studies from a 

determinants of innovation perspective is that they identify innovations at a very late 

stage, and retrospectively, describe factors that influenced the commercialisation 

process.  In terms of interpreting their findings, they are especially open to selection and 

recall bias.  As many studies have shown, only a small proportion of ideas become 

innovations, so these studies are looking at the tip of the iceberg for technology with 

innovation potential.  Of the studies reviewed (as indicated in the footnotes of Table 

10.1), none were able to rigorously examine the determinants of innovation.  

 

These studies do generate valuable insight into innovation including medical 

technological innovation.  In Table 10.1 there is a pattern of users coming up with new 

technology and manufacturers generating an increasing proportion of subsequent major 

and minor innovations.  This was the case for sports equipment [Shah, 2000 #472], 

scientific instruments [von Hippel, 1976 #469], and semiconductor manufacturing 

equipment [as described in \von Hippel, 1988 #105].  The users of sports equipment 

were early and active participants in the new sports, usually in their teens and early 
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twenties [Shah, 2000 #472].  In contrast, users as innovators of scientific instruments 

were researchers employed by universities [von Hippel, 1988 #105] or instrument users 

in universities, industry and government laboratories [Riggs, 1994 #359].  Users of 

semiconductor manufacturing equipment were using such machinery to manufacture 

semiconductors for computers [see \von Hippel, 1988 #105: 23]. 

 

The role of suppliers was generally not examined or was not clearly specified in some 

studies [e.g. \Shaw, 1985 #466;Biemans, 1991 #468].   

 

A handful of these studies have generated a number of hypotheses regarding medical 

technological innovation.  In particular, about their source and the role of third parties 

other than the user in developing innovations.  These studies are briefly examined next. 

 

10.2.5 Users as a source of medical technological innovation 

 

There are five studies [Shaw, 1985 #466;von Hippel, 1976 #469;Biemans, 1991 

#468;Riggs, 1994 #359;Rickne, 2002 #473] that are probably most closely related to 

technological innovation connected to medicine.  These raise a number of interesting 

issues to do with medical technological innovation.  

 

In their studies Shaw [, 1985 #466;, 1993 #467], Biemans [, 1991 #468], and Rickne [, 

2002 #473] demonstrate the importance of clinicians17 in teaching hospitals and co-

located university, as important sources of innovation in medical equipment.  The 

clinicians would specify a need and the equipment innovations came through their 

subsequent interaction with co-located technicians, scientists and engineers.  However, 

the proportion of innovations arising from such users was not clearly quantified  

 

A central question is whether users as innovators receive an economic benefit from their 

activity.  Riggs and von Hippel [, 1994 #359: 465] found in their study only 11% (3/28) 

of users gained financial benefit from their instrument innovations.  The incentive for 

                                                 
17 Clinicians, general practitioners, physicians, consultants, medical specialists are synonymous terms for 

medical practitioners in this literature review.  However, in Australia physicians and surgeons can also be 

known as specialists or consultants and usually work in hospitals.   
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innovation for the majority of these scientist innovators was not income derived from 

patenting or licensing the technology, but rather increased ability to undertake research 

and enhance their peer recognition through publications and conference presentations 

[Riggs, 1994 #359: 459-460].   

 

Shaw [, 1985 #466;, 1993 #467], Biemans [, 1991 #468] and Rickne [, 2002 #473] did 

not examine whether the scientists and clinicians received a financial benefit from their 

innovations or a boost to their scientific reputations.   

 

Shaw [, 1985 #466] and Biemans [, 1991 #468] both characterised users as innovators 

as representing a demand-pull model of innovation.  However, given that users are 

clinicians and scientists at the cutting edge of science, there is a question whether there 

is not a degree of science-push in guiding their innovative activity. 

 

These studies raise a number of interesting questions about the role of academic 

physicians as innovators of medical equipment, including: 

- whether they derive an economic benefit from their innovations such as through 

selling or licensing their innovation or even by creating a start-up company?   

- from a national perspective, what proportion of medical innovations do they 

create? 

- do they represent a science-push or demand-pull model of innovation?   

 

One of the aims of our study was to examine the role of clinicians in university teaching 

hospitals as innovators of medical innovations in the context of a national innovation 

system.   
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10.2.6 The role of third parties and intermediaries in medical equipment 

innovations 

 

As Table 10.1 illustrates, there has been an enormous focus on users and manufacturers 

but what about the role of third parties and intermediaries in user generated medical 

equipment innovations?  Outside users and manufacturers, Biemans [, 1991 #468] and 

Shaw [, 1985 #466;, 1993 #467] found a large involvement by third parties.  They 

included among others, other companies (competitors, suppliers, distributors), 

universities, research funding agencies, and government agencies. However, the explicit 

contribution of these third parties was not specified.   

 

The role of third parties in the commercialisation of medical patents is examined in this 

thesis.  

 

10.2.7 Complexity of the sources of innovation for medical technology 

 

Using a technological innovation systems approach, Rickne [, 2002 #473] recently 

demonstrated that the sources of innovation were much more complex than just user, 

supplier, manufacturer (Table 10.2).  In order to avoid selection bias, she was 

investigating all 73 new biomaterials firms in 3 different regions.  These were Ohio and 

Massachusetts in the US, and all of Sweden established between 1975 and1998.  These 

high technology firms “generate and diffuse products based on biocompatible 

materials” which are “synthetic or natural materials used to treat, enhance or replace 

human function” [Rickne, 2002 #473: 145].  Their products are a complex amalgam of 

pharmaceuticals, biotechnology, biologics and device technology.  Examples of such 

products are contact lenses, joint replacements, artificial heart valves, pacemakers, 

artificial pancreases and wound-care products.   

 

In order to identify these firms she used biomaterial products, industry associations and 

directories, patents and identified further firms when talking to study participants using 

the “snowball method”. 
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Apart from the biomaterials firms, she identified all and surveyed most of the other 

actors of the technological system [Rickne, 2000 #395].  This included partners, 

suppliers, customers, research organisations, bridging organisations, policy units and 

funding organisations.   

 

Rickne [, 2002 #473: 150] found that the source of technological ideas for 71% of these 

firms were research organisations such as universities, medical schools or university 

hospitals (Table 10.2).  Most of this appears to be in the form of intellectual property or 

artifacts (69%).  In addition, the development of an implant or a drug delivery device 

required “close interaction with users, both surgeons and other physicians, and with the 

patients” [Rickne, 2002 #473: 149].  In 61% of cases such interactions with users 

provided useful technological ideas for further development, but interestingly these 

ideas led to only 4% of patents.  Given that a majority of such users would be expected 

to work in medical schools and university hospitals, it may be that they have generated 

intellectual property but their university or other employer owns it.  Unfortunately, the 

study does not quantify how many users worked in research organisations such as 

medical schools and university hospitals.  It is possible that there is an overlap between 

the figures in the column under “research organisations” and “users” in Table 10.2.   
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Table  10.2: Sources of technological resources for new biomaterials firms 

(percentage of firms) 

 

 Research 
organisatio

n

User* Related 
biomedica
l company

Venture 
capital 

Co. 

Board, military, 
bridging 

organisation
Technological ideas 71% 61% 55% 10% 14%
Intellectual property or 
artifacts# 

69% 4% 69% 6% 8%

Clinical trials 84% 0% 10% 0% 0%
Material, component, 
or equipment 

24% 2% 57% 8% 14%

Financea 47% 6% 69% 59% ?
 

N.B. N=51 firms and sum of each row can exceed 100% as firms may have multiple sources 
Source: summarised from Table 7.1 [Rickne, 2002 #473: 150] 
* user (also referred to as “customer” in the article) includes “both surgeons and other 

physicians, and with patients” [Rickne, 2002 #473: 149] 
# artifacts, more commonly spelt as artefacts are “any object made by humans with a view to 

subsequent use” [Delbridge, 1997 #274: 111] 
a additional sources of finance include public offering (37%), other organisation (31%). founder 

(25%), parent firm of new owner (25%) [Rickne, 2002 #473: 151]. 
 
 

Rickne [, 2002 #473: 150 & 166] also shows how technological ideas and intellectual 

property come not only from research organisations and users, but also related 

biomedical companies, venture capital companies, and “board, military or bridging 

organisations”.   

 

The related biomedical companies probably encompass the concept of both 

“manufacturer” and “supplier”.  These companies were the source of technical ideas for 

55% of new biomaterials companies, while also supplying “material, component or 

equipment” for 57% of such companies.   

 

Even the definition of supplier for these biomaterials firms is complex.  Their sources of 

“material, component, or equipment” i.e. supplies, came not only from related 

biomedical companies (57%) but also research organisations (24%), users (2%) venture 

capital companies (8%) and bridging organisations (14%).   

 

Finances came from a broad spectrum of sources, predominantly research organisations 

or foundations (47%), related biomedical companies (69%), and venture capital 

companies (59%).  Additional sources of finance not shown in Table 10.2, include 
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public offering (37%), other organisations (31%), founder (25%), and parent firm of 

new owner (25%) [Rickne, 2002 #473: 149-151]. 

 

Rickne [, 2002 #473] went on to demonstrate the importance of the region in which 

these companies emerged – supporting clusters as an important phenomenon in high 

technology industries such as promoted by Porter [, 1990 #57].  Not only the 

importance of regionally co-located universities and other research organisations, but 

also related biomedical companies, venture capital companies and other organisations.  

In particular, the study demonstrates the predominance of regionally based sources of 

finance.  She also showed the importance of partnerships with research organisations 

and companies outside the region18 and globally.  These partnerships were not only with 

providers of finance but also for technology development.   

 

The greater complexity of the source of technology resources for biomaterials firms 

demonstrated by Rickne [, 2002 #473] probably reflects her study design, however, it 

may also represent the complexity of the technology of these firms.  Her study afforded 

the opportunity to compare firms that were selling biomaterials products with those still 

developing their technology, as a way to outline the determinants of innovation from the 

viewpoint of a firm.  However, this was not done as the main purpose of the study, was 

to compare regional supports for such new biomaterials firms.  

 

Rickne’s [, 2002 #473] study, as does Pavitt’s [, 1984 #436] below, raises the issue that 

the enormous focus in on users as innovators has missed other important sources of 

innovation. 

 

10.2.8 A retrospective cohort study (Pavitt’s taxonomy) 

 

Pavitt [, 1984 #436] examined sectoral patterns of technical change by exploring a 

retrospective cohort of 2000 significant British innovations and their firms from 1945 to 

1979.  These innovations account “for more than half the output of British 

                                                 
18 Outside the region, these partnerships were either within the European Union for Swedish biomaterials 

firms or within the US for those in Massachusetts and Ohio 
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manufacturing” [Pavitt, 1984 #436: 344].  Through this work he developed a three-part 

taxonomy based on firms who were either supplier-dominated, production-intensive and 

science-based (Table 10.3).  Using the Standard Industrial Classification19 each 

innovation was classified three ways, namely, into its sector of production, its sector of 

use, and the sector of the innovating firm’s principal activity.   

 

Table  10.3: Pavitt’s sectoral taxonomy for firms and their characteristics 

 
Category of firm Determinants of technological trajectories    

Typical core sectors* Source of 
technology# 

Type of user Means of 
appropriation 

Source of 
process 
technology 

Size 
of 
firm
a 

Techno-
logical 
trajectory 

1. Supplier dominated       
- Agriculture 
- Housing 
- Private services 
- Traditional 

manufacture 

Suppliers, 
research 
extension 
services, big 
users 

Price sensitive Non-technical (e.g. 
trademarks, 
marketing, 
advertising, 
aesthetic design) 

Suppliers S Cost-
cutting 

2. Production intensive       
a) Scale intensive       

- Bulk materials (steel, 
glass) 

- Assembly (consumer 
durables & autos)c 

PEb, 
suppliers, 
R&D 

Price sensitive - process secrecy & 
know-how 

- technical lags 
- patents 
- dynamic learning 

economies 

In-house, 
suppliers 

L Cost-
cutting 
(product 
design) 

b) Specialised suppliers       
- Machinery 
- Instrumentsc 

Design & 
development, 
users 

Performance 
sensitive 

- design know-how 
- knowledge of 

users 
- patents 

In-house, 
customers 

S Product 
design 

3. Science basedc       
- Electronics/electrical 
- Chemicals 

R&D, public 
science, PEb 

Mixed - R&D know-how 
- patents 
- process secrecy & 
know-how 

- dynamic learning 
economies 

In-house, 
suppliers 

L Mixed 

 
Adapted from Pavitt [, 1984 #436, Table 5] 
* classified by Standard Industrial Classification (or Minimum List Heading as it is called in the UK) 
# taken as the source of innovation 
a S = small firms (1-999 employees) & L = large firms (10,000+ employees) [Pavitt, 1984 #436: 350]  
b PE = production engineering department 
c the main categories for medical firms 
 

 

Like Rickne [, 2002 #473], Pavitt demonstrates the complexity of the source of both 

new technology and new process technology.  Rickne [, 2002 #473] was just looking at 

                                                 
19 The Standard Industrial Classification is known as the Minimum List Heading in the UK [Pavitt, 1984 

#436: 345] 
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new biomaterials firms.  Pavitt, however, shows how the sources vary enormously 

between different industries.  By having a sample of innovations that are representative 

of a population of innovations, Pavitt demonstrates the complexity as to the source of 

innovation and the degree that the method of selection can influence the results of the 

study, especially in terms of delineating the source of innovation.   

 

As can be seen in Table 10.3, which describes the sources of product and process 

innovation in different industry categories.  Medical technology companies are 

primarily located with:  

- specialised suppliers of instruments which generate product innovations through 

design and development, and from users; and  

- science based firms, where R&D, public science and production engineering 

departments are the main source of product innovations.   

 

Process innovations predominantly come within the firm (in-house) or from suppliers 

in all industries.   

 

The big drawback of Pavitt’s data [, 1984 #436, Table 5] in Table 10.3, is that none of 

the variables or categories have been quantified.  Quantifying the means by which firms 

appropriate their technology, for example, would enable a discussion as to the 

proportion of innovations represented by patents, thus putting it into the context of other 

means of appropriation.20  It would also indicate whether future research should focus 

on trade secrets (e.g. process secrecy and know-how) or “dynamic learning economies” 

or some other form of appropriation as a means of identifying innovations so as to 

explore their sources and determinants.   

 

Pavitt found also the source of main knowledge inputs into innovations for medically-

related companies producing [Pavitt, 1984 #436, Table 1]: 

- pharmaceuticals was intra-firm (63%) other firm (37%) and from public 

infrastructure (0%); 

                                                 
20 Medical patents are the source of invention that are used in this study to examine the determinants of 

innovation. 
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- instruments was intra-firm (62%) other firm (25%) and from public 

infrastructure (13%); and 

- electronic goods was intra-firm (67%) other firm (10%) and from public 

infrastructure (23%).   

 

Public infrastructure refers to higher education, government laboratories, and research 

associations [Pavitt, 1984 #436: 346].   

 

The source of knowledge inputs was determined by “experts knowledgeable about, but 

independent from, the innovating firms” [Pavitt, 1984 #436: 344].  They could “allocate 

up to three sources of knowledge inputs for each innovation” [Pavitt, 1984 #436: 346].  

It was not the people creating the innovation who were asked about the source of 

knowledge.  This creates enormous potential for bias, especially as informal sources of 

knowledge would have been missed by the study.  Examples of informal sources 

include universities and that embodied in the human capital of individuals [Pavitt, 1984 

#436: 346]. 

 

The second problem with the study was that the results changed at varying levels of 

data aggregation.  The published results were presented primarily at the 2-digit level for 

the classification of the sector for production and use of innovation, and the principal 

activity of the innovating firm [Pavitt, 1984 #436: 346].  The analysis had been 

undertaken at 2, 3 and 4 digit levels of aggregation.  This meant that the supplier, 

manufacturer and user of an innovation at the 2-digit level could all be in the same 

sector but at the 4-digit level be in different sectors.   

 

One of the problems of this classification is that service industries have been classified 

as “supplier dominated” but they require a separate classification due to their unique 

characteristics including having a high level of in-house software development 

[Freeman, 1994 #490: 478]. 

 

This study has been widely quoted in the innovation literature [Freeman, 1994 #490] 

and demonstrates the importance of research investigating inter-sectoral differences.  

Various determinants of innovation could have been tested if the data in Table 10.3 had 
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been quantified and their strength of association tested through comparative statistical 

analysis. 

 

10.2.9 Conclusion for studies investigating the sources of innovation 

 

Describing the sources of innovation will provide hypotheses as to possible 

determinants of innovation but such studies are unable to test causality.   

 

The sources of innovation have been examined in a number of different ways.  There 

are macroeconomic analyses which predominantly examine correlations between 

innovation input and output variables.  As mentioned these studies may be 

representative of the population being studied but their correlations may be spurious or 

causal, so they can hint at possible causality but are unable to test it.   

 

Historical analysis of scientific publications can examine technological trajectories 

going all the way back to the ancients in the time BC [Comroe, 1976 #17].  A 

description of a technological trajectory, does not usually identify the causal factors that 

contributed to its creation and its historical course.   

 

Case series, investigating a small number of innovations, examine the source of 

innovation retrospectively through interviews of the main players.  In terms of 

examining the causal pathways to innovation, these study designs are particularly open 

to selection and recall bias which can lead to erroneous conclusions and reduce the 

generalisability of results.   

 

There does not appear to by any research examining the source of all inventions (micro 

view) within a macro framework e.g. all technological innovation within a 

technological innovation system of innovation within a national context.  The exception 

is Pavitt’s [, 1984 #436, Table 5] study which describes the sources of technological 

innovations within the UK but, unfortunately, he did not quantify them. 
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In addition, the innovators themselves appear to be poorly characterised with little 

examination of their backgrounds, and the innovation process is examined somewhat 

superficially, with only a handful having investigated the process in depth. 

 

In a national context, the sources of innovation, in medicine for example, have never 

been estimated.  Universities are thought to be an increasingly important source of 

innovation especially in high technology, for example, biotechnology and electro-

medical devices. 

 

Academic physicians appear to be an important source of innovation, particularly for 

medical devices and possibly for scientific instruments.  However, their relevance 

within a national and technological innovation systems is not known. 
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10.3 CH2.7:  CAUSAL MODELS FOR INNOVATION 

 

This section will review models of innovation and their relationship to the determinants 

of innovation.  These models are anatomical depictions of the important hypothesised 

causal relations leading to innovation.  Generally these are not developed enough to be 

called a theory, and hence are on a par to a theoretical framework.  They have a variety 

of origins but have all been discussed within the systems of innovation literature.  The 

primary purpose for this review, is not to explore whether these models have been 

rigorously assessed, but rather as a lead into seeing which model is most pertinent to the 

systems of innovation approach.  Though not formerly evaluated, the impression is that 

most models have emerged from historical and descriptive rather than analytic studies. 

 

10.3.1 Five generations of primarily firm-specific models of innovation 

 

Four generations of innovation models were characterised by Rothwell [, 1992 #480] 

and pictured in a later publication [Rothwell, 1994 #376] and are depicted in Figure 

10.2.  Freeman [, 1996 #427] also describes models of innovation, however, he and 

Rothwell differ as to the timing of their genesis.  Rothwell [, 1992 #480: 236] identified 

the period of the models as “the ‘dominant perceived model’ of innovation during 

successive periods from the 1960s to today, as reflected in statements in the literature”.  

However, he generally does not cite this literature.  As Freeman quotes references 

relating to the emergence of these models or concepts, these dates were added to those 

of Rothwell in Figure 10.2.  
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Technology or science push (first generation, 1950s – mid 1960s {or 1946+*}) 

 

Market or demand pull (second generation, mid 1960s – early 1970s {or since ~ 1930*}) 

 

Coupling model (third generation, early 1970s – mid1980s {or 1960s+*}) 

 

Parallel and integrated innovation process (example of a fourth generation model, mid-

1980s-1990s)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Rothwell [, 1994 #376: 8-12]  

* dates from Freeman [, 1996 #427] 

Figure  10.2: Four generations of models depicting the innovation process 

 

With link to customers
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Traditionally innovation has been thought to be investment in R&D and was based on 

the linear model of technical innovation (Figure 10.2).  Simplistically, the source of 

innovation is seen as research.  These first generation models of innovation, or linear 

models, are not only firm-specific but can also be depicted as an aggregate version 

(Figure 10.3).   

 

Source: [Freeman, 1996 #427: 28] 

Figure  10.3: Aggregate and firm-specific linear models 

 

Freeman [, 1996 #427: 27] states that “no model of the innovative process has been 

more frequently attacked and demolished than the so-called ‘linear model of 

innovation’”.  Despite the model being quite influential since the second world war, 

especially in policy circles, he found it “quite difficult to find a clear statement of the 

linear theory from someone who firmly believed in it” [Freeman, 1996 #427: 27].  The 

aggregate linear model was used by scientists during this period, and still is today, to 

justify increasing and maintaining public investment in basic research and support for 

technology transfer mechanism such as university technology offices and science parks 

(generally designed for incubating start-up firms).   

 

There has been an increasing realisation that non R&D inputs to innovation are just as, 

if not more, important, and hence, have been incorporated in subsequent models.   

 

The second generation of innovation models as characterised by Rothwell [, 1994 #376] 

looked at the role of “demand-pull” or “market-led” factors (see Figure 10.3).  This 

arose as “recognition of the interdependence of market demand and advances in 
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technology and science” [Freeman, 1996 #427: 29].  As Freeman [, 1996 #427: 29] 

outlines 

 

The recognition of the role of demand is implicit in the old proverb, “necessity 

is the mother of invention,” and there have been numerous examples of 

inventions and innovations that were initiated and driven largely in response to 

pressing social demands.[Freeman, 1996 #427: 29] 

 

Edquist [, 1997 #422: 22] points out that demand as a determinant of innovation 

highlights the importance of “demand side innovation policy instruments such as laws, 

taxes, regulations, and subsidies which may influence the diffusion of technologies, 

including choices between alternatives and their use”.  Demand can also come from 

government technology procurement.  And government as a first user can play an 

important role in supporting fledgling industries such as the fuel efficient hybrid car21 

industry in Taiwan [Mathews, 1999 #76].  Despite the increased complexity of 

innovation models, the systems of innovation “concentrates on the supply side and 

ignores demand by final consumers, and the role of the media in influencing such 

demand” [Senker, 1999 #408: 2].   

 

The coupling model combines the science-push and demand-pull sources of innovation, 

which may vary during different phases of the commercialisation process.  Freeman [, 

1996 #427: 30] found that “In the early stages of a truly radical innovation, scientific 

and technological inputs are likely to be prominent, even if they do not provide the 

original impulse” such as with the genesis of information technology, arguably the most 

important innovation of the 20th century.   

 

In addition, the dominant model of innovation varies in different industries [Rothwell, 

1992 #480].  The pharmaceutical industry, for example, has been described as 

representing “an almost classic case of the linear model [of innovation]” [Sharp, 1994 

#370: 177].   

 

                                                 
21 A hybrid car uses two source of energy e.g. one is a gasoline-electric hybrid which switches between a 

gasoline engine and electric motor to deliver the best mileage. 
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Rothwell [, 1992 #480: 236] in his depiction of the first 3 generations of innovation 

models, primarily describes “innovation processes in firms”.  However, the fourth and 

fifth generation models describe firms and their external collaborations, known to be 

important determinants of innovation as outlined in Section 2.5.8.   

 

The fourth generation model arose from observing Japanese manufacturers.  It is a 

striking change from viewing innovation as a linear or sequential process with 

“developmental activity shifting from function to function (R&D to prototype 

development to manufacturing, etc), to considering innovation as a parallel process 

involving simultaneous elements of R&D and prototype development and 

manufacturing and so on” [Rothwell, 1992 #480: 236].  The fourth generation model, as 

depicted in Figure 10.2, demonstrates its parallel and integrated nature and came from 

the new product development process in Nissan, the motor car company.  Not clearly 

pictured, this model also encapsulates strong linkages upstream to suppliers and 

downstream to leading edge customers.  It also incorporates the increasing tendency to 

horizontal collaborations between firms through strategic alliances and joint ventures 

[Rothwell, 1992 #480].  However, it fails to incorporate the contribution to innovation 

made by public sector research [Senker, 1995 #526]. 

 

After reviewing the four generations of innovation models Rothwell [, 1992 #480;, 1994 

#376] went to describe his fifth generation model (Figure 10.4).  Dodgson et al. [, 2002 

#363: 56] believe that “Rothwell’s 5th Generation (5G) model[s] … is best able to … 

explain the intensification of the innovation process brought about by the application 

of” new digital technologies.  Rothwell [, 1992 #480: 236-237] describes it, thus 

 

The fifth generation innovation process, the systems integration and networking 

model (SIN), …with … much closer strategic integration between collaborating 

companies.  Perhaps the most significant feature of SIN is that it represents a 

process of the electronification of innovation with an increased use of expert 

systems as a development aid, simulation modelling partially replacing physical 

prototyping, linked supplier/user CAD [computer aided design] systems as part 

of a process of co-development of new products, and closer electronic product 

design/manufacturing links (integrated CAD/FMS).   
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Source: [Dodgson, 2002 #363: 56]  

Figure  10.4: Rothwell’s 5th generation innovation process 

 

The 5th Generation model appears to be most relevant for high technology companies 

such as Hewlett Packard, Ford, and Boeing [Rothwell, 1994 #376].  However, Senker [, 

1995 #526] found little evidence for the electronification of innovation in her study of 

examining the links between public sector research and three high technology 

industries, namely, biotechnology, advanced engineering ceramics and parallel 

computing.  Rather, she [, 1995 #526: 444] found that knowledge, especially tacit 

knowledge, “can be acquired only by personal experience or personal interaction with 

experts” whether they be suppliers, customers, competitors or public sector researchers. 

 

The five generations of mainly firm-specific models of innovation outside their 

relationship with other firms appear not to incorporate the role of the environment in 

which firms operate including local conditions, organisations such as universities, 

government and public policy [e.g. \Senker, 1995 #526].  

 

The models that follow are increasingly orientated towards the systems or the context in 

which firms operate. 
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10.3.2 Kline and Rosenberg “chain-linked” model of innovation 

 

Kline and Rosenberg’s model of innovation (Figure 10.5) appears to have been very 

influential and been cited in many papers [e.g. \OECD, 1992 #259: 25] including Shaw 

[, 1993 #467: 353] who was examining innovation in the medical equipment industry in 

the UK.    

 

 
Source:  [Kline, 1986 #295: 289] 
 
Symbols on arrows: 
C = central-chain of innovation; f = feedback loops; F = particularly important feedback;  
K-R = links through knowledge to research and return paths.  Of problem solved at node 

K, link 3 to R not activated.  Return from research (link 4) is problematic – therefore 
dashed line; 

D    = direct link to and from research from problems in invention and design; 
I      = support of scientific research by instruments, machines, tools, and procedures of 

technology; 
S     = support of research in sciences underlying product area to gain information directly 

and by monitoring outside work.  The information obtained may apply anywhere 
along the chain 

 

Figure  10.5: Kline and Rosenberg’s ‘chain-linked’ model of innovation 
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Their chain-linked model is a variation on the coupling model.22  As Kline and 

Rosenberg [, 1986 #295: 275] succinctly state “successful outcome in innovation thus 

require the running of two gauntlets: the commercial and the technological”.  The 

fundamental difference is their inclusion of science, depicted as knowledge and research 

in the model, running parallel to the central chain of innovation.  As they state  

 

… modern innovation is often impossible without the accumulated knowledge 

of science and that explicit development work often points up the need for 

research, that is, new science.  Thus the linkage from science to innovation is 

not solely or even preponderantly at the beginning of typical innovations, but 

rather extends all through the process – science can be visualized as lying 

alongside the development processes, to be used when needed.[Kline, 1986 

#295: 290-291] 

 

They write that this knowledge is predominantly in the heads of individuals. 

 

Science has two major parts that directly affect innovation but have different 

roles.  One part, stored knowledge about physical, biological and social nature, 

is an essential ingredient in the bulk of current innovations.  It is unthinkable for 

successful technical innovations to be created today without utilizing significant 

inputs from stored technical knowledge in science and other forms of thought ... 

But this knowledge enters primarily through knowledge already in the heads of 

the people in the innovative organization, and to a lesser extent through 

information quickly accessible to them.  Research is needed only when all these 

sources of stored knowledge are inadequate to the task at hand.[Kline, 1986 

#295: 302-303]  

 

They conclude by saying that “the use of the accumulated knowledge called modern 

science is essential to modern innovation” [Kline, 1986 #295: 291].  They highlight the 

point that research occurs throughout the innovation process. 

 

                                                 
22 Kline and Rosenberg’s model was omitted from Rothwell’s [, 1992 #480;, 1994 #376] review of 

innovation models, given the model’s prominence in the literature this was unexpected. 
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While current research does potentiate major innovations, more frequently 

research is used in innovation to solve problems all along the chain-of-

innovation from initial design to the finished production process … Later in the 

development … these forms of research are not usually considered as science, 

but they are nevertheless usually essential to completion of a successful product 

innovation.  The importance of these types of research has been underestimated 

in the recent past, probably in part because of the use of an oversimplified 

“linear” model of innovation that entirely omits them as categories of 

research.[Kline, 1986 #295: 303]    

 

In their paper they highlight five major pathways on top of their central-chain-of-

innovation which are crucial in the innovation process.  These paths include not only 

the central process of innovation and the side-links to knowledge and research 

throughout the innovation process, but also [Kline, 1986 #295: 303]: 

- new devices or processes with potential to become innovations arising from 

this research; 

- numerous feedbacks linking R&D with production, and marketing which 

includes users; and 

- support of science from the products derived from innovative activities e.g. 

through the development of new scientific instruments. 

 

As Senker [, 1995 #526: 444] states, the chain-linked model while taking account of the 

feedback from customers or the market, does not include that from suppliers, 

“competitors, through recruitment or informal exchange”.  

 

Moreover, while institutions, as defined by North [, 1990 #441] have not been included 

in this model, its role, was clearly in the minds of Kline and Rosenberg [, 1986 #295] as 

can be read between the lines of their article, even in the concluding sentence.   

 

If there is a single lesson this review of innovation emphasizes, it is the need to 

view the process of innovation as changes in a complete system of not only 

hardware, but also market environment, production facilities and knowledge, 

and the social context of the innovating organization. [Kline, 1986 #295: 304] 
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The real challenge in innovation models is to incorporate the “social context” which has 

not been included in the models discussed so far.   

 

10.3.3 The Maastricht Memorandum on a systems model of technical change 

 

After describing the linear and coupling models, Freeman [, 1996 #427: 31] quotes the 

Maastricht Memorandum, where after reviewing the models of innovation the authors 

went ahead and developed a systemic model of technical change.  The five main 

characteristics of a systems model of technical change [as cited by \Freeman, 1996 

#427: 31] include: 

- multidirectional links at the same point in time between the stages of technical 

change; 

- cumulative processes over time can lead to feedbacks and lock-in effects; 

- technical change is dependent on knowledge and the assimilation of knowledge 

through learning; 

- the details of development path and diffusion process for each innovation are 

unique; and 

- technical change is an independent and systemic process. 

 

10.3.4 Porter’s diamond on the determinants of national competitive advantage 

 

Porter’s [, 1990 #57] book “The competitive advantage of nations” and its associated 

article [Porter, 1990 #485] describe what has been called “Porter’s diamond” on the 

determinants of national competitive advantage (Figure 10.6).  His book and model 

generated enormous interest and was the foundation for the clusters of innovation 

concept [OECD, 1999 #401].  It probably is the best known model of all the ones 

discussed here.  The core underlying assumption of Porter’s [, 1990 #485: 73] model is 

that innovation is central to sustained economic performance i.e. “a nation’s 

competitiveness depends on the capacity of its industry to innovate and upgrade”.  It 

proposes that the four parts of the diamond interact and “provide the pressures, 

incentives and capabilities for firms to undertake such improvement and innovation” 

[Yetton, 1992 #482: 91].  These four determinants must be located close to each other 
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or in a regional cluster – it is a home base model of international competitiveness with 

the fundamental assumption that the sources of international competitiveness of firms 

are all located in the domestic market environment [Cartwright, 1993 #486].  The 

competitive pressures from other firms and demanding customers at home are the main 

reasons for offshore success.  This ability of firms to compete is supported by factor 

(input) conditions including high quality human resources, strong basic research 

infrastructure in universities, and an ample supply of venture capital. 

 

 
 
Source: [Furman, 2002 #392: 903] 

Figure  10.6: Porter’s ‘diamond’ on the determinants of national competitive 

advantage 

 

However, a number of publications [e.g. \Yetton, 1992 #482;Davies, 2000 #483] have 

raised serious questions as to the validity of the methods used to develop the theory, the 

poor generalisability of the theory, and the flawed method by which it has been applied 

to other countries.  Porter derived his theory from largely descriptive analysis rather 

than empirical testing [Yetton, 1992 #482].  Subsequent, empirical studies have found 

that their results do not support the theory, especially for resource-based export 

economies like Canada, New Zealand and Australia [Cartwright, 1993 #486;Yetton, 

1992 #482;Davies, 2000 #483].  



 

 

75

 

Cartwright [, 1993 #486] tested Porter’s model by comparing the four determinants of 

competitiveness for agricultural industries in New Zealand with a high level of export 

dependency.  These industries exported 55% to 97% of their produce.  He tested the 

model by comparing industries which had increasing profitability with those whose 

profits were either static or decreasing.  Home based and offshore measures for the four 

determinants were included in the analysis.  When measures from overseas, 

representing the corners of the diamond, were taken into account it increased the 

explanatory power of Porter’s diamond in identifying profitable industries [Cartwright, 

1993 #486].  

 

Yetton et al. [, 1992 #482: 118] summarise as follows: 

 

The first conclusion is that Porter has not articulated a theory of national 

competitive advantage.  Rather it is a theory about the competitive advantage of 

firms and industries within nations, though even the emphasis on nations 

(physical proximity) is progressively watered down.  Second, the theory is not 

proven, either in the original work or subsequent studies.  The absence of proof 

may be the result of study designs that emphasise description over validation.  

But where tests (albeit weak ones) of the theory are possible … the data does not 

support the theory.  Third, the theory is not complete in two key respects.  It 

does not adequately deal with dynamics, i.e., how new successful firms emerge 

and what might be done to encourage this, and it misdescribes or omits 

important types of firms such as those in the non-traded sectors or resources. 

 

Davies and Ellis [, 2000 #483: 1210] conclude that Porter’s diamond and theory are 

“hopelessly rich but gloriously wrong”.  Yetton et al. [, 1992 #482: 118] even went as 

far as to say  

 

… why has the work been so popular with policy makers and industry groups?  

In preparing this review, we were surprised by the lack of serious 

comprehensive critical work on Porter’s theory by other scholars.  Perhaps part 

of the answer is in the apparent neatness of the diamond as offering a generic 

solution of the problem all managers and government would like to be able to 
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solve - how to generate and keep strong firms that contribute to economic 

growth. 

 

Despite the theoretical and empirical flaws in Porter’s diamond, its simplicity is 

appealing and probably has assisted in the endurance of its influence, especially in 

textbooks on international business [see \Davies, 2000 #483: 1190].   

 

There have been numerous attempts to modify Porter’s diamond to overcome some of 

its weaknesses.  These take two general directions, one, is to include some aspect of the 

institutional environment in the model, or two, is to add some form of international 

extension.  As listed by Davies and Ellis [, 2000 #483: 1204] researchers have 

recommended incorporating various institutional features including “national culture”, 

“custom, history and politics”, and “government” in Porter’s diamond.  Hernesniemi et 

al. [, 1995 #448: 176] added “public policies” to their diamond model for Finland.  

Dunning [, 1993 #487: 12] believes that “national diamonds have to be replaced by 

supranational diamonds”.   

 

Two researchers have empirically tested such supranational diamonds by including 

international factors into their modified versions of Porter’s model.  When international 

measures, representing the corners of the diamond, were taken into account it increased 

the explanatory power of Porter’s diamond for resource intensive economies like New 

Zealand [Cartwright, 1993 #486] and Canada [Rugman, 1993 #489]. 

 

Thus, when considering models for systems of innovation, supranational extensions 

may be important to include in such a model.  Despite the increased explanatory power 

of these modifications to Porter’s diamond, they do not appear to have become popular 

among researchers or policy makers. 
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10.3.5 The European biotechnology innovation system (EBIS) model of innovation 

 

The most comprehensive model relevant to medical innovation is that by Senker and 

colleagues [, 2001 #407: 20], which I have called the EBIS model, after their study 

looking at the European biotechnology innovation system (EBIS). 

 

The literature review by Senker and colleagues [, 1999 #408: 5] identified a weakness 

of the national innovation system being its “failure to account of demand by users and 

consumers or of public attitudes to new technologies”.  Therefore, the social 

acceptability aspect of demand has been included in the EBIS model.  This aspect of 

demand is not only relevant to the biotechnology but also to medical technological 

innovations in general. 

 

Senker et al. [, 1999 #408] combined the essential elements of four bodies of literature 

to examine the European biotechnology innovation system (EBIS).  The literature 

included national innovation systems, technological innovation systems, socio-technical 

networks and controversy theory.  They distilled the essential elements into their 

framework of four main networks including: knowledge/skills network, the 

industry/supply network, the finance/industrial development network and the 

demand/social acceptability network [Senker, 1999 #408: 6].   

 

Their model was developed to examine systems of innovation, in particular from 

sectoral and national perspectives, for biotechnology industries in Europe.   
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Source: [Senker, 2001 #407: 20]  

Figure  10.7: Network of key factors influencing innovation in biotechnology 

(EBIS model of innovation) 

 

The institutional aspects of innovation appear fragmented and at times ill fitting in the 

EBIS model.  For example, politics has been fitted into the demand/social acceptability 

network, however, politics not only influences every one of the four networks in Figure 

10.7, but also the linkages between these networks.  The central role of government in 

innovation has been articulated by Senker and colleagues [, 1999 #408: 6]  

 

The framework also recognises the intervention of government within and 

between all these networks through a range of policies including those for 

regulation, intellectual property, education, training and research, industrial 

development, technology transfer and public procurement.   

 

Despite their understanding, they compromised the accuracy of the depicted model by 

shoehorning politics into its box.  

 

In the model the factors thought to be under international influence have been 

highlighted.  However, there is not one factor that is not under some degree of 
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international influence.  Politics, industrial policy and academic research, in particular, 

would experience a significant degree of international pressure.    

 

From a purely aesthetic and not a theoretical point of view, the EBIS model while being 

comprehensive lacks some of the dynamism of earlier models such as the linear models 

or Porter’s diamond. 

 

10.3.6 Conclusion for models of innovation 

 

As Edquist [, 1999 #426: 67] states “the model of the isolated, profit-maximising firm is 

an inappropriate tool for interpreting certain important aspects of innovation processes”.  

He espouses the need for models of innovation to include the role of government, 

private non-profit organisations, and the cultural, legal and regional environment which 

all impact on an organisation’s ability and willingness to innovate.   

 

In addition, “the focus is on the anatomy rather than the change processes of systems of 

innovation, and furthermore the relations between system structure and system change 

are not discussed” [Johnson, 1997 #432: 37].   

 

The evolving models of innovation represent the increasing understanding of the 

complexity of the innovation process.  However, the main weakness of these models is 

that they do not provide a holistic representation required for a systems of innovation 

approach.  Some models have included fragments of the institutional environment, such 

as government, varying degrees of public policy, politics and education.  The challenge 

is to develop a model for the innovation process relevant to the innovation systems 

approach, which remains simple in design, while incorporating a more holistic range of 

influences on the innovation process.   

 

The challenge, above all, is to develop a holistic rather than a fragmentary approach to 

resources or inputs into systems of innovation.  As Edquist [, 1997 #422: 6] states, “the 

resource bases of various national systems of innovation highly influence their patterns 

of innovation”.  This is likely to be true for all systems of innovation.  Furthermore, the 
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models of innovation by not measuring specific inputs and outputs are not able to 

measure the effectiveness of the innovation process [Forrest, 1991 #527]. 

 

The reasons for developing models of innovation has not been clearly articulated in the 

literature.  I believe models are meant to provide a visual representation of the 

innovation process.  Ideally models should entail a high degree of explanatory power, 

while maintaining simplicity of design, and if possible even a degree of flexibility.  The 

more complex a model is the less likely people will remember it.  Models of innovation 

also represent conceptual frameworks that people use during their analysis [e.g. \Senker, 

2001 #407].  A well designed model, even a flawed one, can also be a powerful tool for 

selling a conceptual framework as Porter [, 1990 #57] has demonstrated.   
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10.4 CH2.10:  BACKGROUND ON AUSTRALIA IN RELATION TO 

MEDICAL INNOVATIONS 

 

This section describes the Australian context focusing on issues relevant to 

commercialising Australian medical patents.  Specifically it depicts the Australian 

economy, R&D investment, patenting rates, the Australian medical industry and 

innovation policies of Australian governments. 

 

10.4.1 Australian economy 

 

Australia is a resource-dependent economy dominated by mining and agriculture.   

 

Australia has had strong economic growth in the decade to 2000 with 4% annual growth 

in GDP [OECD, 2001 #279].  This was accompanied by annual growth of 7.8% in 

Australia's exports in goods [Department of Foreign Affairs and Trade, 2001 #283].  

Devaluation of the Australian dollar to record low levels, helped to increase exports and 

reduce imports.  The favourable macroeconomic environment partly reflects policy 

reforms of the last 20 years including reduction in tariffs placed on imports [OECD, 

2001 #279]. 

 

However, there are a number of concerns about Australia’s economic horizon, 

including: 

- the rise in Australia’s foreign debt from 1% to 48% of GDP from 1976 to 2001 

(ABS Cat. No. 5206.0 and 5302.0 [Australian Bureau of Statistics, 2002 #281]); 

- the weakness of the Australian dollar, not only against the US dollar but also the 

Euro and other currencies, which is thought to be due market disquiet about 

Australia’s foreign debt and market perceptions of Australia as an “old 

economy”, dependent on mining and agricultural exports; and 

- a fall in Australia’s balance of trade – which since 1983 has generally been a 

deficit [Australian Bureau of Statistics, 2001 #282].   
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Source: [Commonwealth of Australia, 2002 #292]  
ETMs = elaborately transformed manufactures 
 

Figure  10.8: Total export volumes for Australia, 1985-6 to 2000-01 

 

Since the mid 1980s, Australia has experienced a modest shift away from commodities 

to a more diverse export base (Figure 10.8).  Despite a steady fall, commodities still 

dominate Australia’s export - falling from 67% to 52% in the financial years 1985 to 

2000.  As seen in Figure 10.8, the main drop has been in rural commodities declining 

from 29% to 18% in that time, while non-rural (mining) commodities have reduced 

slightly from 38% to 34% but remained the dominant export.  The export share of 

elaborately transformed manufactures (ETMs) improved steadily over the past 15 years, 

rising from 8% to 19% for the financial years 1985 to 2000.  Services, which include 

tourism, account for just over 20% of Australia’s exports in this period. 

 

10.4.2 Australian medical exports 

 

Detailed export data for Australia were available for the financial years 1989-2000 

(Figure 10.9).  During this period, ETMs as a proportion of all export goods (excluding 

services) increased from 13% to 21%, rising in value from 6 to 25 billion Australian 

dollars.  Unfortunately, the medical technology component of these exports is not 

clearly defined. 
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Source: ABS Cat. No. 5432 [Australian Bureau of Statistics, 2002 #281] 

Legend includes codes from SITC Revision 3 [United Nations Statistics Division, 1986 #299] 

Figure  10.9: Australian exports of elaborately transformed manufactures (ETMs) 

detailing categories over 4%: their dollar value and their proportions 
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The product composition of exports of ETMs is diverse, with road vehicles, 

pharmaceuticals, electrical and office machinery accounting for close to 40% in 2000-

01 having risen from 24% in 1989-90 (Figure 10.9).  After road vehicles, 

pharmaceuticals are the second biggest component of ETMs having risen from 4% to 

9% (from 0.2 to 2.2 billion AUD$) in this period.   

 

What about medical exports as a group?  The export of medical equipment is tucked in 

under the following categories of SITC Revision 323 [United Nations Statistics Division, 

1986 #299]: 

- electrical machinery which includes electro-diagnostic apparatus for medical, 

surgical, dental or veterinary sciences and radiological apparatus (code 774); 

and 

- professional and scientific instruments which includes instruments and 

appliances for medical, surgical, dental or veterinary purposes (code 872) such 

as cochlear ear implants and pacemakers. 

 

Combining pharmaceuticals, electrical machinery and professional and scientific 

instruments outlines the upper ceiling of Australia’s medical exports.  Using these 

figures, medical exports, as a proportion of all export in ETMs, have risen from 13% to 

21% (from 0.4 to 3.8 billion AUD$) over the financial years 1988 to 2000.  Thus, 

medical products would account for 1.7% to 4.4% of all export goods. 

 

As the online magazine Bloomberg Markets so succinctly describes it. 

 

No wonder they call it the lucky country.  Australia faces some stubborn 

economic problems such as the perennial current account deficit, dependence on 

low-margin commodities like coal and wool, and increasing competition from 

cheap manufactured imports.  And its biggest export market, Asia, is only just 

recovering from a slump.  Yet the country has been growing at a rate of about 4 

percent annually since 1991 outpacing most of the developed world.  That’s 

thanks largely to the low-inflation policies of the Australian central bank that 

                                                 
23  The data were available from the Australian Bureau of Statistics at a substantial cost. 
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have fuelled consumer spending. …. If all goes according to plan, Australia’s 

luck should hold out for a while. [Collins, 2001 #285: 1-3] 

 

Or as Professor Anderson [, 2001 #280], President of the Australian Academy of 

Sciences, summed up to the National Press Club in Canberra in July 2001 “ … the 

world’s view of Australia … [is of] a technological backwater and thus a future 

economic backwater”.  Is this true?  How do Australia’s export in merchandise compare 

internationally? 
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Source: [OECD, 2001 #288]  

Figure  10.10: Comparative advantage by technological intensity 

 

In comparison with other OECD countries, Australia is ranked 21 out of 24 in terms of 

its trade mix, with a comparative disadvantage in medium and high technology 

industries (Figure 10.10).  Why is this important?   
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Source: [OECD, 2001 #289] 

Figure  10.11: International trade by technology intensity 
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Growth in international trade has been most rapid at the high technology end which has 

grown from 18% to 25% of OECD manufacturing trade in 1990-1999 (Figure 10.11).  

Whereas the proportion of trade in medium-low and low technology industries, which 

dominate in Australia, has steadily declined and remained below average growth for 

manufacturing during the 1990s.  Medium-high technology goods have the dominant 

market share in OECD manufacturing trade, remaining at a stable 39% over the last 

decade.   

 

The five industries with the highest international growth rates are pharmaceuticals, 

communication equipment, computers, electrical machinery (which includes medical 

electro-diagnostic equipment) and scientific instruments (incorporating other medical 

appliances) [United Nations Statistics Division, 1986 #299].  Thus, medical industries 

are amongst the most profitable internationally. 

 

Australia has been able to remain competitive in the exports of primary goods because 

of increased efficiencies in production, the reduced Australian dollar, good 

macroeconomic management and a recent surge in commodity prices.  However, the 

scope for extracting a profit is much better with high technology goods, especially with 

the temporary monopoly offered by new and innovative products.   

 

If Australia’s over-reliance on the export of low technology products from domestic 

primary industries continues and the growing trade deficit in high technology goods is 

not reversed, then eventually, this is thought to lead to a reduction in Australia’s 

standard of living [Marceau, 1997 #77].   
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10.4.3 Medical innovation performance of Australia: R&D, venture capital and 

patents 

 

This section will discuss OECD data on medical innovation performance in Australia, 

especially on R&D, venture capital and patent.24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: [OECD, 2001 #322] 

Figure  10.12: Trends in R&D as a percentage of GDP of the business and public 

sectors in Australia, the OECD and the US 

 

Business R&D expenditure as a percentage of GDP in Australia is low by 

international standards (Figure 10.12).  This is despite quadrupling from 0.2% in 1981 

to 0.8% in 1997 and 1998 before dropping back to 0.7% in 1999 [OECD, 2001 #322].  

In the late 1990s Australian businesses expenditure on R&D is half the OECD average 

and close to one third that of the US. 

                                                 
24 The statistics below are all from the OECD Science, Technology and Industry Scoreboard 2001 

available from their website http://www1.oecd.org/publications/e-book/92-2001-04-1-2987/ [27 June 

2002].   
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In contrast, during this period public sector expenditure on R&D in Australia 

(between 0.7 and 0.8% of GDP) is on a par with the US and the OECD average, even 

rising above their figures during the 1990s.  Public sector R&D combines that 

performed by universities and governments. 

 

In the 1990s, the Australian pharmaceutical industry, accounted for between 5% and 

7% of business expenditure on R&D.  This equates to 0.03% to 0.05% of GDP.  

Whereas in some OECD countries, the pharmaceutical industry accounts for about 20% 

of business expenditure on R&D, for example in 1999 – in the UK (22%), in Denmark 

(20%), in Belgium (17%) and in Sweden (16%) [OECD, 2001 #322].   

 

Government budget outlays for R&D in health stayed around 0.04% of GDP in 

Australia during the 1990s, half the average 0.08% for the OECD.  This in turn was half 

of the US government allocation of 0.16% which rose to 0.19% by the year 2000 

[OECD, 2001 #322].  The US figures skewed the OECD average so that Australia was 

still ranked 7th out of 25 OECD countries.  Australian federal government funding of 

R&D in health is primarily channelled through the National Health and Medical 

Research Council (NHMRC). 

 

R&D expenditures for health are difficult to measure because of institutional 

complexity and diversity [OECD, 2001 #322: 36].  R&D funding is not only provided 

by business and government, but also by charitable foundations, university 

endowments, private not-for-profit institutions etc.   

 

In Australia, health or medical R&D is overwhelmingly performed in universities 

[Johnston, 2000 #324;Australian Bureau of Statistics, 2002 #325].  In 2000-01, the total 

cost of R&D in Australia was AUD$10.2 billion with AUD$1.3 billion (13%) spent on 

medical and health sciences [Australian Bureau of Statistics, 2002 #325].  R&D in 

medicine was predominantly performed by the higher education sector primarily 

universities (50%), business (23%), private non-profit sector (14%), state government 

organisations (12%), and Commonwealth government organisations (2%) [Australian 

Bureau of Statistics, 2002 #325].  In 1996-1997 the distribution was very similar except 

the proportion of R&D performed by business was lower at 18% [Johnston, 2000 #324].   
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Australia spends 0.06% of GDP on venture capital, which is less than half the OECD 

average of 0.14% in 1995-1999 [OECD, 2001 #322].  Australia expends only 13% of its 

venture capital on firms in their early stages and 87% on financing the expansion of 

existing firms.  In contrast, the US, and OECD countries on average, direct one-third of 

venture capital to young companies and two-thirds towards firm expansion.  Australia 

invests only 19% in the high technology sectors of communications (12%), information 

technology (4%), health and biotechnology (3%) [OECD, 2001 #322].  Again the US 

spends a staggering 83% on these high technology sectors with the OECD average 

being 62%.  Their venture capital investment in health and biotechnology is 15% and 

12% respectively.  As a percentage of GDP, in absolute amounts for every dollar 

Australia spends on health and biotechnology ventures, the US spends AUD$18.   

 

Not only does Australia spend little on venture capital, it tends to overwhelmingly 

spend it on the expansion of existing companies (87%) and not on start-up companies or 

on the high-growth high-technology sector.  Such a poor investment in new ventures 

arguably bodes poorly for Australia’s economic future potential. 

 

Investment in innovation was examined in 1996 [OECD, 2001 #322].  Australia is 

ranked 16th of the 19 countries surveyed, with 1.9% of expenditure on innovation 

relative to sales in manufacturing, with only Spain, Mexico, and Portugal spending less 

on innovation [OECD, 2001 #322].  Despite such a low level of investment in 

innovation inputs Australia is ranked 11th out of 21 countries in terms of output, with 

60% of manufacturing firms introducing new or technologically improved products or 

processes to the market in 1994-1996. 

 



 

 

92

Australia, like all countries of the OECD, has shown a steady rise in the number of US 

patents granted per capita since the 1960s [Narin, 2000 #114;Patel, 1995 #38;USPTO, 

2000 #87].  However, relative to population size Australia was ranked a low 16 of 20 

OECD countries for the period 1984-1992 [Department of Industry Science and 

Technology, 1996 #99] and 16 out of 29 OECD countries in 2001.25   

 

 

Source: [Narin, 2000 #114: 27] 

Figure  10.13: Patenting trends in the U.S. patent system by inventors from 

selected countries 1980–1998 

                                                 
25 See p.71 in http://www.dest.gov.au/science/analysis/pdf/BAA_Cover-plus-Insides_screen-fonts.pdf [29 

September 2003] 
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Australia accounts for less than half the OECD average in the number of patent 

applications to the European Patent Office (EPO) at 31 patent applications per million 

population in 1997 [OECD, 2001 #308].   

 

Australia was ranked 5th out of 28 OECD countries for the proportion of biotechnology 

patents filed at the European Patent Office in 1997 – which was 6.2% as against 3.5% 

for the OECD area [OECD, 2001 #322].  The US, however, towers over all other 

countries accounting for 50% of all OECD biotechnology patents. 

 

To increase the international comparability of patent statistics, the OECD uses triadic 

patent families [OECD, 2001 #322].  These relate to patents simultaneously applied for 

at EPO, USPTO and the Japanese Patent Office (JPO) [OECD, 2001 #322: 26].  Due to 

the increased cost of extending patent protection, patents that are members of families 

are likely to be of higher value than are those solely filed in a single country.  Currently 

the most complete set of data is for 1995.  In relative terms, Australia is ranked 18th of 

30 countries with 8 patent families per million population, while the OECD average is 

29, the top seven being Switzerland (98), Sweden (74), Japan (68), Germany (52), 

Finland (50), Netherlands (47) and the US (42).   

 

Australia is below the world average in the overall number of patents as a proportion of 

GDP especially compared to similar resource intensive economies such Finland and 

Canada.  Australia would need to increase its patenting activity by 70% to be at world 

average level (see Figure 10.1). 

 

Publications in scientific journals are the major output of scientific research and are the 

output measure for the “R” in R&D, whereas patents are probably more an output for 

the “D” of R&D.  In 1997, Australia’s proportion accounts for 2.7% of scientific 

publications in the OECD.  Most of these articles are in the life science (58%).  Overall, 

Australia was ranked 9th out of 28 OECD countries, with 735 articles per million 

population – ahead of the US with 657 and behind Switzerland (1395), Sweden (1190), 

Denmark (1028), Finland (938), Netherlands (879), Canada (786), UK (767) and 

Norway (748).  
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Despite Australia’s responsibility for 2.7% of the OECD scientific publications it owns 

only 0.5% of the area’s patents.  Australia’s population in 2000 was close to 19.2 

million – 0.3% of the world’s population of 6.2 billion.  Thus in relative terms, 

Australia is good at research, the “R” of R&D, but is lagging in the “D” by not 

developing this science into inventions.   

 

As expected, Australia’s comparative technological advantage is located mainly in the 

primary industries of mining and agriculture, which is similar to other resource-

abundant OECD countries like Canada, Finland and Norway [Patel, 1995 

#38;Department of Industry Science and Technology, 1996 #99;Narin, 2000 #114].  But 

Australia’s technological advantage is also evident in higher technology niches such as 

pharmaceuticals and biotechnology which are growing faster than the world average 

[Department of Industry Science and Technology, 1996 #99;Narin, 2000 #114].  This 

may indicate a shift to patenting in higher technologies.  Certainly it suggests that 

medical technology may be becoming an increasingly important part of Australia’s 

intellectual property portfolio.   

 

Australia’s patents are very dependent on public funded research, much more so than 

other countries, with 95% of Australian-authored research papers cited in US patents 

coming from domestic publicly-funded institutions [Narin, 2000 #114].  This is much 

higher than the US average of 73% [Wills, 1999 #90].   

 

10.4.4 Innovation barriers and policies in Australia especially related to medicine 

 

A number of reports have looked directly or indirectly at the issue of commercialising 

research in Australia [Australian Academy of Technological Sciences and Engineering, 

1995 #1;Pappas Carter Evans & Koop, 1991 #7;Medical and Scientific Equipment 

Working Group, 1988 #8;Cripps, 1999 #326], with a few examining medical research 

specifically [Medical and Scientific Equipment Working Group, 1988 #8;Department of 

Health Housing and Community Services, 1991 #2;Giutsi, 1994 #18;Johnston, 2000 

#324].  The medical reports have articulated a growing interest in harnessing the 

economic value of medical technology emerging in Australia.  This is reflected in the 

Wills Report [Wills, 1999 #90] which led to a doubling of the budget for the NHMRC 
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over 5 years to 2005, an NHMRC report [Giutsi, 1994 #18] and the recent National 

Innovation Summit [, 2000 #92] which led to a major policy initiative by the Federal 

Government called Backing Australia’s Ability [Commonwealth of Australia, 2001 

#355]. 

 

In a desire to investigate building a high technology industry in Australia, the 

Commonwealth government has commissioned a number of reports specifically looking 

at growing high technology industries in Australia with foci on specific industries 

including biotechnology [Biotechnology Australia, 1999 #91], information technology 

[The Information Industries Taskforce, 1997 #106], and medical instruments [Medical 

and Scientific Equipment Working Group, 1988 #8;Ray, 1996 #564].  

 

The main barriers to innovation and to commercialisation of research that have been 

identified in Australia include [Medical and Scientific Equipment Working Group, 1988 

#8;Australian Academy of Technological Sciences and Engineering, 1995 #1;Cripps, 

1999 #326;Johnston, 2000 #324;Pol, 1996 #52;Industry Task Force on Leadership and 

Management Skills, 1995 #327]: 

- lack of secure, long-term finance with adequate management support; 

- small size and mainly foreign-owned medical industry in Australia; 

- little R&D performed by business sector in Australia making it more difficult to 

transfer intellectual property from public sector research to industry; 

- small size of domestic market representing around 1% of the world market for 

medical products; 

- industry policy and regulation, government charges and taxes are thought to be 

inhibiting further growth of the medical industry in Australia;  

- lack of support and incentives for public sector inventors to commercialise their 

intellectual property. 

- conservative financial institutions; 

- lack of skill in entrepreneurial management;  

- lack of managerial diversity with under-representation of women and minority 

cultural groups;  

- cultural barriers, for example, the existence of a negative enterprise culture in 

Australia [Industry Task Force on Leadership and Management Skills, 1995 

#327] popularly known as the tall-poppy syndrome; and 
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- Australia’s geographic isolation. 

 

 

This section examines recent policy initiatives in innovation policy in Australia.  Over 

the last 20 years the main Australian government policy to foster innovation outside 

educational policies, has been the R&D tax concession which was introduced in 1985.  

This started at 150%, and decreased to 125% in 1996.  In 2002 it was increased to 175% 

for a restricted range of R&D [Ernst and Young Australia, 2002 #364].26   

 

Australian governments have implemented a number of other innovative industry 

strategies, the ones most relevant to medical industries are [Mathews, 1999 #76: 96]: 

- the Factor (f) program that stimulated the further development of the domestic 

pharmaceutical industry (which allowed pharmaceutical firms to receive 

increased prices for some of their products listed with the publicly funded 

Pharmaceutical Benefits Scheme in return for undertaking research, product 

development and manufacture in Australia). 

- the establishment of the Cooperative Research Centres (CRCs) in 1991 and 

which are meant to facilitate the transfer of research to industry [Mercer, 1998 

#94].  Ten out of 67 are devoted to medically related technology.   

- the R&D Tax Concession Program, the R&D Start Program, the Innovation 

Investment Fund (IIF) Program, the Commercialising Emerging Technologies 

(COMET) Program and the Biotechnology Innovation Fund (BIF).27   

 

Australia operates under a cabinet system of government.  The cabinet is the key 

decision-making body of the government and currently comprises 17 ministries of the 

Australian Federal Government [Department of the Parliamentary Library, 2002 #307].  

The ministerial representation of high technology industry is divided across 4 different 

ministries who have their foci split across two or three portfolios.  It would be fair to 

surmise that representation of high technology industries is very fragmented despite 

20% of Australian exports being in elaborately transformed manufactured items.  

                                                 
26 This is for incremental R&D expenditure above a rolling 3-year average and only for non-plant R&D 

undertaken by companies who have registered for the R&D tax concession or received a grant under the 

R&D Start program for at least 3 years.   
27 All above is from http://www.ausindustry.gov.au/documents/dir67/doc504867.html [15 January 2002] 
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10.4.5 Conclusion about Australia 

 

Australia’s medical research is world class but Australia is thought to be a poor 

performer by the standards of other Western countries when it comes to transforming 

this research into commercial reality [CEDA, 1992 #6;Wills, 1999 #90].  Interest in 

harnessing the economic value of medical technology conceived and created in 

Australia has been growing [Wills, 1999 #90;National Innovation Summit, 2000 

#92;Biotechnology Australia, 1999 #91;Johnston, 2000 #324].  

 

Australia represents 0.3% of the world’s population but produces 2.5% of the world’s 

health and medical research output [Wills, 1999 #90].  Overall Australia conducts 2% of 

the world’s scientific research but only accounts for 0.5% of the world’s patents granted 

in the US [Narin, 2000 #114].  The quality of Australia’s medical research is arguably 

fertile ground for growing a medical industry, yet its industry is small.  Australia’s 

medical industry is: 

- small and accounts for a maximum of 4% of Australia’s export in goods; 

- composed of medical suppliers rather than manufacturers; 

- it is overwhelmingly owned by foreign companies who undertake their R&D in 

their home country; 

- made up of sectors with usually one or two large exporting companies and one 

or two promising SMEs which are vulnerable to take-over by multinational 

corporation or to moving overseas to be closer to their major markets in Europe 

or the US. 

 

Australia has a growing trade deficit in medicinal and pharmaceutical products which 

was over AUD$1 billion in 1996-97 and is expected to grow with the increased aging 

and expectations of the Australian population [Wills, 1999 #90].  Australia overall has a 

growing trade deficit in high technology goods which if not reversed is thought to lead 

to a drop in living standards [Marceau, 1997 #77].   

 

Commentators and academics have articulated that for Australia to reverse its growing 

foreign debt and trade deficit in high technology goods, it needs to improve its record 
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on innovation especially in the more profitable high technology industries.  Despite the 

world-class quality of Australia’s medical research, the country has a reputation of 

being poor at translating its research into patents [Wills, 1999 #90] let alone into 

products.  Despite recent industry and government reports, and policy efforts 

Australia’s medical industry is small with a low though rising level of exports of 

medical goods.   
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10.5 CH4.4:  DETAILS OF TABLE 4.13 ON THE 17 MOST PROLIFIC 

AUSTRALIAN MEDICAL INVENTORS 

 

Table  10.4: Details on the 17 most prolific Australian medical inventors listed on 

10+ Australian medical patents in the US for 1984-1994 and clustered by 

technology 

Name No. 
patents 

(non-
medical)* 

Technology  
(No. of patents) 

First assignee, Australian state or 
overseas country 
(No. of patents) 

Simpson, Richard J. 18 Method for constructing proteins & 
other molecules (4) 
Leukaemia inhibitory factor (4) 
Helper T cell growth factor P40 (4) 
House dust mite allergen (2) 
Protein CP-10 (1) 
Peptide POMC76-103 (1) 
Tyrosine kinase (1) 
A33 colon antigen (1) 

Ludwig Institute for Cancer Research USA 
(7), Switzerland (3) 
Amrad Corp Ltd, Victoria (5) 
The Heart Research Institute Ltd, NSW (1) 
ImmuLogic Pharmaceutical Corp, USA (1) 
Unassigned (1) 

Money, David K. 15 Cardiac pacemakers (8) 
Cochlear ear implants (7) 

Telectronics Pty Ltd, NSW (1) 
Telectronics NV, Netherlands Antilles (7) 
Commonwealth of Australia (2) 
Cochlear Pty Ltd, NSW (2) 
Unassigned (3) 

Kuzma, Janusz A. 12 Cochlear ear implants (11) 
Cardiac pacemakers (1) 

Commonwealth of Australia (6)  
Cochlear Pty Ltd, NSW (5)  
Telectronics Pty Ltd, NSW (1) 

Daly, Christopher N. 10 Cardiac pacemakers (5) 
Cochlear ear implants (5) 

Telectronics Pty Ltd, NSW (3) 
Telectronics NV, Netherlands Antilles (2) 
Cochlear Pty Ltd, NSW (1) 
Commonwealth of Australia (1) 
Unassigned (3) 

Milijasevic, Zoran 10 Cardiac pacemakers (7) 
Flow controllers for parenteral fluid 
infusion sets (3) 

Telectronics NV, Netherlands Antilles (7) 
MacNaught Pty Ltd, NSW (1) 
Unassigned (2) 

Cornell, Bruce A. 14 Biosensors (14) Australian Membrane & Biotechnology 
Research Institute, NSW (13) 
CSIRO, ACT (1) 

Braach-Maksvytis, 
Vijoleta L. 

13 Biosensors (12) 
Biocompatible membrane for human 
implants (1) 

Australian Membrane & Biotechnology 
Research Institute, NSW (11) 
CSIRO, ACT (1) 
FB Rice & Co, NSW(1) 

Raguse, Burkhard 10 Biosensors (10) Australian Membrane & Biotechnology 
Research Institute, NSW (10) 

Jennings, Philip A. 14 
(1) 

Ribozymes – gene shears (9) 
Endonucleases (4) 
Method of delivering nucleic acids 
into cells (1) 

Gene Shears Pty Ltd, NSW & ACT (12) 
CSIRO, ACT (2) 

Cameron, Fiona H. 11 Ribozymes – gene shears (9) 
Method of delivering nucleic acids 
into cells (2) 

Gene Shears Pty Ltd, NSW & ACT (9) 
CSIRO, ACT (2) 

Russell-Jones, 
Gregory J. 

14 
(1) 

Vit B12 as carrier for oral drugs (7) 
TraT or Omp(A or F) protein of E. 
coli as carriers for vaccines (4) 
Test for Neisseria bacteria (2)  
Slow release drug formulation (1) 

Biotech Australia Pty Ltd, NSW (9) 
Bioenterprises Pty Ltd, NSW (2) 
Rockefeller University, New York USA (2) 
Hoechst AG, Germany (1) 

Barrett, Graham D. 13 Intraocular lenses (7) 
Corneal implant (1) 
Phaco-emulsification needle for 
irrigating anterior chamber of eye (3) 
Keratoscope (2) 

Ezekiel Nominees, WA (2) 
Alcon Laboratories Inc, USA (3) 
Nestle, Switzerland (1) 
Chiron, USA (3) 
Oversby Pty Ltd, WA (3) 
Unassigned (2) 

Tregear, Geoffrey 
W. 

13 
(1) 

Relaxin gene (9) 
Oligonucleotide-polyamide 
conjugates (3) 

Howard Florey Institute, Victoria (13) 
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Hybridisation histochemistry method 
for detecting RNA in tissue (1) 

Niall, Hugh D. 10 
(1) 

Relaxin gene (9) 
Hybridisation histochemistry method 
for detecting RNA in tissue (1) 

Howard Florey Institute, Victoria (10) 

Whisson, Maxwell 
E. 

12 Syringe or drug infusion devices (10) 
Blood donation monitoring devices 
(2) 

Eastland Technology Australia Pty Ltd, 
WA (7) 
Max-Medical Pty Ltd, WA (2) 
Unassigned (3) 

Grobelny, Damian 
W. 

10 Matrix metalloprotease (MMP) 
inhibitors (7) 
Retroviral protease inhibitors (3) 

Glycomed Inc, USA (3) 
University of Florida, USA (2) 
Unassigned (2) 
Narhex Ltd, Hong Kong (3) 

Meijs, Gordon F. 10 
(6) 

Contact lenses (8) 
Implantable biomaterial (2) 

CIBA Vision Corp, USA (6) 
Novartis AG, Switzerland (3) 
CSIRO, ACT (1) 

 

* Non-medical patents of the inventors are not described in the table 
CSIRO = Commonwealth Scientific and Industrial Research Organisation 
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10.6 CH4.4:  THE STORY OF NUCLEUS LIMITED 

 

Nucleus is the major high-technology company in Australia’s electro-medical industry.  

All its major product lines were dependent on advances in publicly funded basic 

research.  It has also benefited from targeted government programs including the 

Australian Industrial Research and Development Incentive Scheme (AIRDIS) in the 

early 1980s and Grants for Industrial R&D (GIRD), and the 150% tax concession for 

R&D.  Nucleus has also been involved in three medical CRCs. 

 

Nucleus was founded in 1965 to commercialise medical technology arising from 

Australian research [Richards, 1988 #300].  Nucleus was floated in the early 1980s on 

the stock exchange.  It was a holding company for a number of different and largely 

independent operators: Ausonics (ultrasound), Telectronics (pacemaker), Medtel 

(external defibrillator), Domedica (renal dialysis) and later Cochlear (ear implants) and 

ResCare (products for sleep disordered breathing) [Richards, 1988 #300].  In 1988 

Nucleus was taken over by Pacific Dunlop.  Since then Ausonics and Telectronics have 

been sold off to overseas companies, and Cochlear and ResCare (renamed ResMed) 

have been floated on the stock exchange.  The small number of companies involved 

meant that the Australian electro-medical industry was small and vulnerable as the loss 

of Telectronics demonstrates.  Telectronics Pty Ltd made heart pacemakers and in 1988 

it was rated as number two in the world market [Richards, 1988 #300].  The company 

was doing well until the mid 1990s when a potentially fatal fault in a pacemaker lead to 

class actions costing AUD$200 million to settle [Ferguson, 1999 #103].  Largely as a 

consequence, Telectronics was sold in 1996 to the US company St Jude Medical.  Just 

having one company sold offshore has dramatically reduced the strength of Australian 

patenting in the US in the area of medical electronics [Narin, 2000 #114].  The company 

had grown out of basic research from University of Sydney and the Royal Prince Alfred 

Hospital in Sydney involved in the development of the first implantable heart 

pacemakers.   

 

Cochlear Pty Ltd manufactures ear implants the so-called “bionic ear” in Australia.  The 

implant was developed over ten years by a team at Melbourne University from the 
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Departments of Ontolarangology and Electrical Engineering led by Professor Graeme 

Clark.  Cochlear was floated independently on the Australian stock exchange in 1995 

and has done well with a skyrocketing share price and now is the 56th largest Australian 

company and has captured 70% of the world.28  Cochlear, sold by Pacific Dunlop for 

AUD$120 million in 1996, is now worth AUD$2.1 billion, nearly double the value of 

its former parent. 

 

Nucleus’ future product areas are very likely to emerge from AMBRI (Australian 

Molecular Biology Research Institute).  AMBRI focuses on diagnostic technologies 

using engineered molecules as biosensors.  The core personnel came from Department 

of Organic Chemistry at Sydney University and moved to CSIRO in the mid 1980s and 

later created a CRC.   

 

Australia’s electro-medical industry is small and vulnerable, and benefited from 

targeted government programs and world class Australian research. 

 

 

                                                 
28 See http://www.cochlear.com/index.asp [27 September 2002] and 

http://www.lifesciencesnetwork.com/news-detail.asp?newsID=989 [30 September 2002] 
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10.7 CH5:  ETHICAL APPROVAL FOR SURVEY OF MEDICAL 

INVENTORS 
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10.8 CH5:  COVERING LETTER FOR SURVEY OF AUSTRALIAN 

MEDICAL INVENTORS 
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Address of Inventor 
 

University of Western Australia 
Department of Surgery 
Murdoch University 
Institute for Science & Technology Policy 
University of Western Sydney 
Department of Management 

18 February 1998 
 
 
Dear Mister Smith, 
 

Confidential Survey of Medical Inventors in Australia: 
on commercialising medical inventions

  
The aim of this survey is to generate ideas for improving the commercialisation of medical 
inventions arising in Australia.  Specifically we want to focus on how medical inventors 
could be better assisted in getting their inventions to market.  This survey is part of a PhD 
project.  All inventors being surveyed were listed on Australian medical patents in the 
United States between 1984 and 1994.  You were identified as an inventor on the 
following medical patent taken out in the United States: 
 
Title of patent:  XXXXXXXXXXXXX 
U.S. patent number: 5,xxx,xxx 
Year of patent: 19xx 
 
Keeping this patent in mind, we would be grateful if you could fill in the accompanying 
questionnaire.  This should take up to 20 minutes of your time.  A reply-paid envelope is 
enclosed for the return of the survey form.  We would be grateful for a response by  
30 March 1998.  The information you supply will, of course, be regarded and treated 
confidentially.  The information will only be used in aggregate so that no organisation or 
individual can be identified.  If you require any further information, please do not hesitate 
to contact Dr Eugen Mattes at Department of Surgery, Fremantle Hospital, PO Box 480, 
Fremantle 6160, Western Australia,  Tel: (08) 9431 2500, Fax (08) 9431 2623, e-mail: 
emattes@cyllene.uwa.edu.au.  This survey has been funded by an Eva K A Nelson 
Scholarship.  The Committee for Human Rights at the University of Western Australia 
requires that all participants are informed that, if they have any complaint regarding the 
manner in which a research project is conducted, it may be given to Dr Mattes or any 
other researcher below or, alternatively, to the Secretary, Committee for Human Rights, 
Registrar’s Department, University of Western Australia, Nedlands, WA 6907 (Tel: (08) 
9380-3703).  You may wish to keep this covering letter for your personal records. 
 
You will receive a copy of the publication to arise from this survey, if you indicate such 
an interest in the questionnaire.  Thank you for participating. 
 
Yours sincerely 

   
Eugen Mattes 
Research Registrar  
& PhD Student 
MBBS MPH 

Michael Stacey 
Professor of 
Surgery 
DS FRACS 

Dora Marinova 
Lecturer in Science & 
Technology Policy,  
Murdoch University 
BEng(Hons) MSc PhD 

Jane Marceau 
Pro-Vice Chancellor (Research) 
Professor of Management 
University of Western Sydney 
(Macarthur) 
BA(Hons) PhD FASSA FAIM 
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10.9 CH5:  QUESTIONNAIRE USED IN THE SURVEY OF AUSTRALIAN 

MEDICAL INVENTORS 
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10.10 CH5.4:  RESULTS – DESCRIPTIVE STATISTICS 

 

This section describes the results of the survey before undertaking statistical analysis.  

The title of the tables in this section generally use the same wording as the questions 

from the questionnaire and wherever feasible the content of the table replicates the 

wording of the questions.   

 

10.10.1 Inventors 

 

10.10.1.1 Gender and educational background (Q4-7) 

Only 3% (6/177) of the surveyed medical inventors are female.   

 

 

Table  10.5: Educational background of Australian medical inventors (Q6-7) 

Discipline  Number % of 177 
Science Chemistry 22 12% 
 Biochemistry 17 10% 
 Physics 15 8% 
 Others 24 14% 
 Total 78 44% 
Medicine Physician 15 8% 
 Surgeon 15 8% 
 Anaesthetist 5 3% 
 General practitioner 3 2% 
 Others 7 4% 
 Total 45 25% 
Engineering Electrical 7 4% 
 Electronic 7 4% 
 Mechanical 6 3% 
 Others 7 4% 
 Total 27 15% 
Dentistry  4 2% 
Other tertiary disciplines*  4 2% 
No tertiary qualification  19 11% 
Total  177 100% 
 
* physiotherapy, veterinary medicine, business, education 
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Eighty five percent of medical inventors have a background in science (44%), medicine 

(25%) or engineering (15%) in Table 10.5.  Of all the inventors with a medical 

background over three quarters (35/45) are specialists and 7% (3/45) are general 

practitioners.  Only 11% of inventors did not have a tertiary qualification. 

 

 

Table  10.6: What is your highest formal educational qualification? (Q5) 

 
Qualification 
No. (row%) 

Discipline Doctorate 
Masters 
degree

Postgraduate 
diploma

Bachelors 
degree

Graduate 
diploma Total

Science 61 (78%) 4   (5%) 2   (3%) 9 (12%) 2   (3%) 78 (100%)
Medicine 23 (51%) 3   (7%) 12 (27%) 7 (16%)  45 (100%)
Engineering 8 (30%) 8 (30%) 7 (26%) 4 (15%) 27 (100%)
Other tertiary 
disciplines* 2 (25%) 2 (25%) 3 (38%) 1 (12%) 8 (100%)
No tertiary 
qualification#   19 (100%)

Total 94 (53%) 17 (10%) 14   (8%) 26 (15%) 7   (4%) 177 (100%)
 
* dentistry (n=4), physiotherapy (n=1), veterinary medicine (n=1), business (n=1), education (n=1) 
# technical or trade qualification (n=9), completed secondary school (n=6), not completed secondary school 

(n=4) 
 

 

Half (53%) of medical inventors have a doctorate, 10% a masters degree, 8% a 

postgraduate diploma and 15% a bachelors degree (Table 10.6).  The most common 

type of medical inventor, encompassing one third (61/177), is a science graduate with a 

doctorate.  The next most common type of inventor is a medical graduate with a 

doctorate (13% = 23/177). 

 

Seventy eight percent of inventors trained in science have a doctorate, as did 51% with 

a medical and 30% with an engineering background.  Certainly medical inventors 

appear to be dependent on extensive university education, with 89% (158/177) having a 

university degree or tertiary-based qualification. 
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10.10.1.2 Patient care (Q8) 

One quarter (46/177) of medical inventors have patient care responsibilities.  This 

proportion includes 40 medical doctors, 4 dentists, one orthotist and one optometrist 

(Table 10.7). 

 

Table  10.7: Do you currently have patient care responsibilities? (Q8) 

  Patient care responsibilities
Discipline  Number (row %) Total
Science  1* (1%) 78
Medicine Physician 13 (87%) 15
 Surgeon 14 (93%) 15
 Anaesthetist 5 (100%) 5
 Others 8 (80%) 10
 Total 40 (89%) 45
Engineering  - - 27
Dentistry  4 (100%) 4
Other tertiary disciplines#  - - 4
No tertiary qualification  1a (5%) 19
Total  46 (26%) 177
 
* optometrist 
# physiotherapy, veterinary medicine, business, education 
a orthotist 
 

 

10.10.1.3 Area of employment at the time of developing the intellectual property 

(Q3) 

Roughly divided, the areas of employment for medical inventors at the time of 

developing the intellectual property (Q3) are (Table 10.8):  

- research organisations (44% = 77/177); 

- industry (27% = 47/177); and 

- government (13% = 23/177) - of which 10% (18/177) are from public hospitals. 

 

The predominant area of employment, and thus, source of medical inventions leading to 

patents are from government funded positions i.e. 53% (93/177).  This includes 

universities (30%), public hospitals (10%), the CSIRO (7%), Commonwealth 

government (3%), and public research institutions (2%).   
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Forty-one percent (73/177) of inventors come from the private sector including industry 

(27%), private clinical practice (8%), private research institutions (4%) or are self-

employed (3%).  

 

Table  10.8: Area of employment at the time of developing the intellectual 

property leading to medical patent (Q3) 

Area of employment  Total (Patient 
care)b 

% of 
177

Research organisations    
    - University* Non-medical faculty 26  15%
 Medical faculty 22 (10) 12%
 Medical faculty & public hospital 6 (4) 3%
    - Research institution Private# 7 (2) 4%
 Public* 4 (1) 2%
    - CSIRO*  12  7%
Industry# Medical technology 20  11%
 Pharmaceutical 4  2%
 Biotechnology 3  2%
 Othera 20  11%
Government*    
    - Commonwealth  5 (1) 3%
    - State Public hospitals 15 (12) 8%
 Public (& private) hospitals 3 (3) 2%
Private clinical practice#  14 (11) 8%
Multiple areas of employment  7 (1) 4%
Self-employed#  5  3%
Unemployed  2  1%
Retired  1  0.6%
Non-government organisation  1 (1) 0.6%
Total  177 (46) 100%
 
* publicly funded organisations 
# private sector 
a includes, for example, information technology, electronics and communication, household products 

industry, motor body manufacturing, plastics manufacturer, salesman 
b No. with patient care responsibilities as per Table 10.7 
 

Inventors with patient care responsibilities who make up one quarter of inventors, were 

mainly working in hospitals 33% (15/46), universities 30% (14/46), private clinical 

practice 24% (11/46) and research institutions 6% (3/46).  As discussed in the literature 

review in Section 10.2.5, these clinician inventors can be considered to be a variant of 

the concept of “users as innovators”.  After excluding those working in private clinical 
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practice, most of these can be classified as “academic physicians” who make up 20% 

(35/177) of medical inventors [e.g. as per \Finkelstein, 1981 #369]. 

 

Table  10.9: Source of invention: first assignee versus area of employment for 

the inventor at the time of developing the intellectual property (Q3) 

 Area of employment at time of developing  
intellectual property (Q3)* 

Workplace as 
source of 
invention 

(Q14.a&b)g 
Universit

y 
Remaining 

research org. 
Industr

y
Govern-

ment
Othera Total No. (row %) First 

assignee of 
patents  Public# Private  
Unassigned 8b,c - 1b 13b 11b,c 16 49 23   (47%) 
Business 15c 4c 2 31 5c 12 69 53   (77%) 
University 22 2 - - 1 - 25 19   (76%) 
Government 1 - 1 2 6 - 10 7   (70%) 
Research 
institute 

1 3 3 1 - - 8 7   (88%) 

CSIRO - 7d - - - - 7 7 (100%) 
Remaining 
categories 

7e - - - - 2f 9 5   (56%) 

Total 54 16 7 47 23 30 177 121 (68%) 
 
* simplified categories from Table 10.8  
# includes CSIRO (n=12) 
a includes private clinical practice (n=14), multiple areas of employment (n=7), self employed (n=5), 

unemployed (n=2), retired (n=1) and non-government organisation (NGO; n=1) (see Table 10.8).  For the 
16 (in bold) unassigned patents this includes private clinical practice (n=9), multiple areas of employment 
(n=1), self employed (n=3), unemployed (n=1), retired (n=1) and NGO (n=1).  For the 12 assigned to 
business includes private clinical practice (n=4), multiple areas of employment (n=6), and self employed 
(n=2). 

b patents potentially belonging to the employer 
c patents that may have arisen from publicly funded institutions that are unassigned or assigned to 

business 
d all 7 patents came from inventors employed at CSIRO at the time 
e assignees include technology transfer organisation (n=5) & non-government organisations (NGOs; n=2) 
f  assignees are individuals (n=2) 
g this result came from Question 14 “Which were the important sources of ideas and information in the 

genesis of your invention described in your patent?” by combining all responses to “R&D in your 
workplace” and “Other areas in your workplace”  

N.B.  The numbers in bold indicate where the workplace of the first-named inventor may be in the same 
category as the first assignee (51%=90/177) 

 

Inventors indicate that the workplace is the source of invention for 77% ([121-23]/[177-

49]) of assigned patents and not unexpectedly for only 47% of unassigned patents 

(Table 10.9).  This means that by asking the inventor where they were working at the 

time of coming up with the invention gives a strong indication as to the source of 

invention.  The true proportion of patents arising from the workplace is probably higher 

as these answers are possibly an underestimate given that Question 14 had 24 parts to it. 
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An argument could be made for unassigned patents, where the workplace is the source 

of invention, that the inventor’s employer may have a claim of ownership to the 

intellectual property.  This result, however, may also reflect a lack of employer interest 

in such intellectual property.  Conversely, if this assumption is true, then somewhere 

between one third (33/49*47%) to a maximum of two thirds of unassigned patents 

(33/49) may be the intellectual property of the inventor’s employer namely, industry or 

publicly-funded institutions.  The 16 unassigned patents (in bold and classified as 

“Other” in Table 10.9) are excluded from this as they could well be expected to be 

unassigned as most of these inventors are in private clinical practice or self employed.   

 

The workplace of the first-named inventor appears to be congruent with the category of 

the first assignee in 51% (90/177) of patents (see figures in bold in Table 10.9).  This 

suggests that for assigned patents 58% (74/[177-49]) of inventors are working for this 

assignee at the time of invention.   

 

On another tack, of patents assigned to business: 

- just 45% (31/69) came from the business sector; 

- one third (24/69) appear to have arisen from publicly funded organisations; and 

- 20% (14/69) came from inventors in private research organisations (n=2), 

private clinical practice (n=4), with multiple jobs (n=6), or self-employed (n=2) 

(classified under “private” research organisations and “Other” in Table 10.9). 

 

It is uncertain which proportion of inventors were working in industry or the business 

sector at the time of invention, especially for the last group above.  This means between 

45% (31/69) to 65% (45/69) of inventions assigned to businesses came from industry. 

 

Around 27% (47/177) of patents involve the inventor working for industry at the time of 

coming up with the invention, however 39% (69/177) of first assignees are a business.   

 

Just over half of patents (53% = 93/177) involve the inventor working for a publicly 

funded organisation at the time of coming up with the invention, whereas only 29% 
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(51/177)29 of first assignees are from the public sector.  The remaining patents from the 

public sector are predominantly unassigned (11% = 19/177) or assigned to a business 

(14% = 24/177).  In summary, this means that describing the first-named assignee as the 

source of invention: 

- underestimates by almost half the proportion of patents originating from the 

public sector; and 

- overestimates by one third the proportion of patents coming from industry. 

 

This result will be further examined in the discussion (see Section 5.8.2.6). 

 

10.10.1.4 Current occupation (Q1) 

 

Table  10.10: Current occupation (Q1) versus area of employment at the time of 

developing the intellectual property leading to medical patent (Q3) 

 Area of employment at time of developing  
intellectual property (Q3)* 

 

Current occupation (Q1) Research 
organisation

Industry Government Other Total 

Research scientist 26 4 7 2 39 
Professor# 27 - 1 1 29 
Company director or 
manager 

4b 18 - 3 25 

R&D director or managerc 4b 8 - - 12 
Clinician 11 - 14 9 34 
Engineer 2 8 - 4 14 
Tradesman 1 5 - 1 7 
Othera 2 4 1 10 17 
Total 77 47 23 30 177 
 
* simplified categories from Table 10.8  
# 28 full professors and one associate professor 
a other includes business consultant, dentist, paramedical profession and writer 
b inventors thought to have moved from a research organisation to industry 
c these inventors indicated, either under current occupation (Q1) or in the remainder of the survey, that 

they are working for industry 
 

                                                 
29 From Table 5.9, these include university (n=25), government (n=10), research institute (n=4, i.e. 

excludes 4 private research institutes), CSIRO (n=7) and “remaining categories” (n=5 i.e. technology 

transfer organisations) 
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Just over a third (37% = 66/177) of medical inventors hold senior positions in industry 

as directors or managers, or in university as professors (Table 5.10).  Comparing their 

previous employment (Q3) with their current occupation (Q1) shows that only 4% 

(8/177) of inventors appear to have moved from research organisations to industry.  

Overall, 38% (68/177) of inventors are still researchers, 21% (37/177) are industry 

managers, 19% (34/177) are clinicians, and 8% (14/177) work as engineers. 

 

10.10.1.5 Occupation of co-inventors (Q2) 

Half of inventors do not mention that there is a co-inventor on the patent (Table 10.11).  

One quarter of patents involve inventors from the same professional sector and another 

quarter from different professional sectors.  Of the latter, half (22/44) include inventors 

who were industry managers and worked with researchers, engineers or clinicians. 

 

Table  10.11: Occupation of inventor (Q1) and co-inventor (Q2) 

 Sector Number % of 177
No co-inventor listed on patent  89 50%
   
Inventor & co-inventors   
- from same sector research scientist 35 20%
 engineer 3 2%
 clinician 2 1%
 industry* 2 1%
 other# 2 1%
 Total 44 25%
- from multiple sectors Industry* & research scientist 12 7%
 Industry* & engineer 3 2%
 Industry* & other# 3 2%
 Industry* & 2 other sectors 3 2%
 Industry* & clinician 1 0.6%
 research scientist & clinician 7 4%
 research scientist & other# 5 3%
 research scientist & engineer 3 2%
 clinician & engineer 3 2%
 clinician & other# 3 2%
 engineer & other# 1 0.6%
 Total 44 25%
Total  177 100%
 
* represents company director or manager, and R&D director or manager 
# includes business consultant, dentist, paramedical profession, tradesman and writer 
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In order to assess the accuracy of inventors in reporting the number of co-inventors on 

their patent, a comparison was made between the number that the inventor listed in the 

survey with the number on the patent.  The comparison found that for: 

- 78% (139/177) of questionnaires the number of co-inventors listed in the survey 

equalled that on the patent; 

- 9% (16/177) listed more co-inventors in the survey than were on the patent; and 

- 12% (22/177) listed fewer co-inventors in the survey than were on the patent. 

 

This suggests that the reporting in the survey was fairly accurate.  The inventors listing 

more co-inventors than are on the patent may be remembering another patent or are 

including co-workers who are not listed on the patent as an inventor.  The surveyed 

inventors listing too few co-inventors may: 

- be remembering another related patent; 

- be misreading the question; 

- be forgetting the name of their co-inventor given that the survey was up to 15 

years after the patent was granted; or  

- have just skipped the question. 

 

10.10.1.6 Previous business involvement (Q9) 

 

Table  10.12: What has been your previous involvement in business? (Q9) 

Previous business involvement Involvement with business 
related to patent

Total % of 177 

Owner* 16 37 21% 
Manager* 9 18 10% 
Employed by business in 
professional capacity*,# 

9 38 21% 

Involvement with business related 
to patent (unspecified)* 

16 16 9% 

Involvement with family business* - 7 4% 
Other business involvement* 1 3 2% 
Unskilled employee only - 9 5% 
None - 48 27% 
No answer provided - 1 0.6% 
Total 51 177 100% 
 
* classified as a “significant” prior involvement in business (119/177) 
# includes inventors who worked as consultants to business 
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Two thirds (119/177) of surveyed inventors have some significant prior involvement 

with business (Table 10.12).  Their involvement 43% of the time (51/119) is with a 

business related to the patent.  One third (55/177) of inventors worked at a senior level 

in business either as owners or managers of a business.  The remaining one third had 

either been employed in an unskilled capacity, such as at a fast food outlet like 

McDonald’s, or had no previous involvement in business.   

 

 

10.10.1.7 Number of patents co-authored (Q12) 

 

Table  10.13: How many other patents have you authored or co-authored? (Q12) 

Provisional patents authored 
(n=123)* 

Granted patents authored 
(n=145)# 

Mean 5.13 3.96 
Median 3 2 
 
No answer provided *n=54 and #n=32, which were excluded from the analysis 
 

The median number of other patents authored by inventors is 3 provisional patents and 

2 granted patents (Table 10.13).  Assuming that inventors, who have not answered the 

question, have not authored another patent then the overall medians for the survey 

would be 2 provisional and 1 granted patent.   

 

Given the skewed distribution, the means are not as reliable as medians as a measure of 

central tendency. 
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10.10.2 Patent…… 
 

10.10.2.1 What has happened to the patent? (Q10) 

Fourteen percent of patents have been sold (Table 10.14).  Given that a further 54% 

remain in the hands of the original assignees – what has happened to the remaining 

32%?  They may have been licensed with ownership still residing in the hands of the 

original patentee or patent owner (inventors for unassigned patents or the assignees).  

One third of the patents have been licensed – primarily on an exclusive basis.  Overall 

45% (80/177) of patents were either sold or licensed.   

 

Under half (41%) of patents in this survey appear to be truly international patents 

having been submitted in countries other than Australia and the US.  The majority of 

these are probably belonging to triadic patent families and have been submitted in 

Europe, Japan as well as the US [OECD, 2001 #322: 26]. 

 

Table  10.14: What has happened to your patent? (Q10) 

Has your patent been:* Number % of 177
[Ownership] 

- sold 25 14%
- still owned by original assignee(s) 96 54%
- total 121 68%

Licensed 
- exclusive agreement 42 24%
- non-exclusive agreement 17 10%
- total 59 33%

Part of an agreement: 
- development 10 6%
- confidentiality or non-disclosure 13 7%
- both 4 2%
- total 27 15%

Modified leading to further patents 29 16%
Submitted in countries other than Australia 
and the US 

73 41%

Expired due to non-payment of fees 27 15%
Subject of a legal challenge 7 4%
Other  (Please describe) 
- don’t know what happened to patent 2 1%
No answer provided 1 0.6%
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* major categories are mutually exclusive 
 

It is interesting to note that only 4% of medical patents were subject of a legal 

challenge.  This may have taken the form of opposition to a patent being issued or legal 

action for an infringement of patent rights.  Only 1% of inventors stated that they did 

not know what happened to their patent.   

 

Does the proportion of patents that are licensed or sold vary between the different 

sectors from which patents came from?  This can be answered by combining Questions 

10 and 3.  The proportion of patents that were licensed or sold include: 

- 57% (31/54) for university; 

- 41% (16/39) for the rest of the public sector including CSIRO and public 

hospitals;  

- 47% (22/47) for industry; 

- none (0/7) for private research institutions; and 

- 37% (11/30) for the remaining sectors including private clinical practice. 

 

10.10.2.2 Type of technology in patent (Q11) 

In response to “what does the patent principally represent?”, apart from 3 missing 

answers, inventors state that: 

- 28% (49/177) are an improvement in known technology; 

- 27% (48/177) are a substantial improvement in known technology; and  

- 44% (77/177) are new technology.   

 

This means that close to half (44%) of the inventors perceive their inventions to be 

more of a major advance in technology and the remaining half think that theirs was 

more incremental in nature.  It is unlikely that all inventions defined as “new” embody 

truly “radical” technology or innovations as defined by Freeman and Perez [, 1988 

#493: 46] such as the invention of Nylon or the oral contraceptive pill which lead to the 

growth of new industries.  While inventors may be overly optimistic about their patent, 

many could still be classified as “new technology” under OECD definitions, even if not 

leading to new industries.  Probably most patents in this survey reflect technology of an 

incremental nature. 
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10.10.3 Invented technology 

 

10.10.3.1 Competitive advantage (Q13) 

 

Table  10.15: What was the competitive advantage of your invention? (Q13) 

 Number % of 177
For your industry partner: 

- creating new markets 69 39%
- extend existing product range 57 32%
- improve product quality 42 24%
- replace existing products 39 22%
- lower production costs 20 11%
- increase market share 16 9%

In improving therapy by being: 
- more effective 81 46%
- safer 47 27%
- brand new therapy 39 22%
- simpler to administer 37 21%
- cheaper 30 17%

High acceptance by clients / patients 56 32%
High demand by clients / patients 34 19%
Improve working conditions / safety 21 12%
Reduce environmental damage 15 8%
Meet government standards & legislation 10 6%
Other advantages (Please specify) 

- new or improved diagnostic technology 13 7%
No answer provided 2 1%
 
N.B. multiple answers permitted 

 

The two major competitive advantages of the patented medical technology is that for 

46% it offers more effective therapy and for 39% it creates new markets for the industry 

partner (Table 10.15).   



 

 

125

10.10.3.2 Source of ideas (Q14) 

 

Table  10.16: Which were the important sources of ideas and information in the 

genesis of your invention described in your patent?  (Q14) 

Sources of ideas and information Australi
a

Overseas Total* % of 177

R&D in your workplace 112 24 119 67%
Professional journals 35 44 54 31%
From treating patients 40 12 42 24%
Universities 27 19 35 20%
Industry R&D outside your workplace 14 17 26 15%
Professional conferences  15 18 25 14%
Clients or customers 14 4 14 8%
Patent databases N/A N/A 15 8%
Suppliers 6 9 12 7%
Other areas in your workplace 8 5 11 6%
Private research institutions 8 2 9 5%
Licensing / confidentiality agreements 6 2 6 3%
CSIRO 5 N/A 5 3%
Recruitment of new personnel e.g. 
scientists 

3 2 4 2%

Co-operative research centres (CRCs) 3 N/A 3 2%
Government laboratories 3 - 3 2%
Fairs / exhibitions 2 2 3 2%
Other outside businesses 2 2 2 1%
Patient raised idea 2 1 2 1%
Internet N/A N/A 2 1%
Joint ventures 1 - 1 0.6%
Acquisition of other firms or merger - - - -
Consultancy firms - - - -
Other (please specify)  

- personal observation - - 10 6%
- own work - - 10 6%
- collaborative work - - 7 4%
- personal experience of illness - - 3 2%

No answer provided 3 2%
 
* does not equal the sum of “Australia” and “overseas” as many inventors circled both options 
N/A = not applicable 
 

The most important source of ideas or information when developing the patent for two 

thirds of inventors is from R&D in their workplace, primarily in Australia (63% = 

112/177, Table 10.16).  This finding is widely supported by previous research [Tijssen, 
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2002 #160].  Other important sources are from professional journals (31%), from 

treating patients (24%) and from universities (20%) both here and overseas.  By 

combining the two categories related to the inventor’s workplace, it appears that an 

inventor’s workplace is the source of invention in 68% (121/177) of patents.  This data 

was used in Table 10.9 to identify the source of invention. 

 

10.10.3.3 Source of funding for research (Q15) 

 

Table  10.17: Did the invention arise from research funded by any of the 

following? (Q15) 

 Number* % of 
177 

National Health and Medical Research Council (NHMRC)a 25 14% 
Australian Research Council (ARC)a 8 5% 
Other research funding body (Please describe):  

1.  Australian research funding bodies:  
- AIRDIS and its successor GIRD#,a 3 2% 
- Anti-Cancer Council of Victoria (ACCV)c 3 2% 
- Industry Research and Development (IR&D) Boarda 2 1% 
- Ramaciotti Foundationb 2 1% 
- Australian Meat Corporationc 2 1% 
- Australian Wool Corporationc 2 1% 
- Lymphoedema Association of Australiab 1 0.6% 
- National Heart Foundation (NHF)b 1 0.6% 
- Queensland Cancer Fundc 1 0.6% 
- National Tuberculosis Eradication Campaigna 1 0.6% 
- Adelaide Bone & Joint Research Foundationb 1 0.6% 
- Dept. of Small Business, NSW Governmenta 1 0.6% 
2.  US research funding bodies:  
- National Institutes for Health (NIH)a 1 0.6% 
- National Cancer Institute (NCI)a 1 0.6% 
- National Kidney Foundationb 1 0.6% 
- Life Sciences Research Foundationb 1 0.6% 
3.  Business research funding bodies:  
- Johnson & Johnson Researchb 1 0.6% 
- ICI Research Groupb 1 0.6% 

National Biotechnology Progressd 1 0.6% 
Postgraduate research scholarship 11 6% 
Invention did not arise from research funded by a registered 
research agency 

113 64% 

No answer provided 9 5% 
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* total adds to more than 177 as some patents involved multiple sources of funding 
# AIRDIS (Australian Industrial Research and Development Incentive Scheme) and its successor scheme 

GIRD (grants for industrial R&D) 
d uncertain source of funding, the name is possibly incorrect – search on Google (http://www.google.com/ 

[15 January 2002]) returned no documents 
source of funding: a public (n=42), b private (n=9) and c a mix of both (n=8; most of the latter are public 

institutions created by Acts of Parliament which raise funds from private organisations and the public) 
 

The outstanding point is that 64% of patented medical technology did not arise from 

research funded by a registered research agency (second line from the bottom of Table 

10.17).  Their funding sources are probably incorporated with those outlined in Table 

10.19.  Thus, one third of patents came from research funded by a registered research 

agency.  Second,  the NHMRC funded research for 14% of such patents and the 

Australian Research Council for 5%.  A further 6% benefited from scholarship funding 

for a postgraduate student.  Though not asked in the survey, postgraduate research 

scholarships are most likely funded from public sources, such as the NHMRC.  Making 

this assumption and remembering that some patents received multiple sources of 

funding, then overall: 

- 20% (36/177) of patents come from research supported by granting agencies 

which are publicly funded; 

- 3% (6/177) from publicly and privately funded agencies; 

- 2% (4/177) come from private organisations; and  

- 2% (3/177) come from US based agencies funded both by the private and public 

sector.   

 

Thus, overall 24% (42/177) of Australian medical patents in the US involved some 

research that was underpinned by an Australian publicly-funded agency.  
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10.10.3.4 Cost of commercialising invention (Q16) 

 

Table  10.18: What has it cost to commercialise your invention to date? (Q16) 

Cost of commercialisation* Number % of 177 
< $10,000 11 6% 
$10,000 < $50,000 37# 21% 
$50,000 < $100,000 13 7% 
$100,000 < $500,000 37# 21% 
$500,000 < $1 million 18 10% 
$1< 10 million 23 13% 
$10 - 49 million 7 4% 
$50 – 99 million 2 1% 
> $100 million - - 
Subtotal 148 84% 
  
“Not applicable” 1 0.6% 
“Invention not been commercialised” 1 0.6% 
don’t know 5 3% 
No answer provided 22 12% 
Total 177 100% 
 
* in Australian dollars (AUD)  
# that the numbers are the same is a coincidence 
N.B. the median cost is AUD$100,000 to 500,000. 
 

The median amount that it cost to commercialise the 148 medical patents for which an 

amount was stated is between 100,000 and 500,000 Australian dollars (Table 10.18).  

This is worth between USD$64,200 to USD$320,998 in 1998 [Bank of Canada, 2000 

#356].30  This is fairly consistent though more than the finding in Italy by Sirilli [, 1987 

#303] who estimated the average cost to be USD$32,000 (Table 2.6).31  Using the 

currency converter32 and adjusting the dollar value by consumer price index – this 

figure is worth USD$45,800 in 1998.  The higher cost of commercialisation associated 

with our study may relate to the fact that: 

                                                 
30 Based on the exchange rate for 5 January 1998 (midway through the survey). 
31 The figures from Macdonald [, 1982 #306;, 1984 #20] were extremely low and therefore left out of this 

discussion.  He found that the median cost of development in 1981 was USD$117 (i.e. USD$209 for 

1998) which would not even cover the cost of a patent search by a patent attorney. 
32 Historical currency converter http://eh.net/hmit/compare/ [4 December 2003] 
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- Sirilli was looking at domestic patent applicants rather than patents granted in an 

overseas country (e.g. the US);  

- our study was looking patents leaning towards a high technology sector; and 

- our calculation excluded inventors who did not provide an answer. 

 

10.10.3.5 Source of funding for commercialisation (Q17) 

 

Table  10.19: What sources of finance were used in commercialising your 

invention? (Q17) 

Sources of finance Number* % of 177
Personal 56 32%
Industry partner 54 31%
Organisation where invention arose 35 20%
Your employer 42 24%
150% or 125% R&D tax concession 20 11%
AusIndustry or Industry Research & Development (IR&D) Board 15 8%
Venture capital company 8 5%
Relatives or friends 5 3%
Business angel (person with finance) 6 3%
Technology transfer company e.g. Unisearch or ANUTECH 6 3%
National Health and Medical Research Council (NHMRC) 6 3%
Other financial institutions 3 2%
Sharemarket e.g. initial public offering  4 2%
Austrade 4 2%
Cooperative research centre (CRC) 1 1%
Other banks 2 1%
Postgraduate research scholarship 2 1%
Commonwealth Development Bank - -
Australian Research Council (ARC) - -
Other sources (Please specify)  

- Commonwealth Government 4 2%
No answer provided 13 7%
 
* Total is 286 as inventors indicated one or more sources of funding for commercialising their medical 
patents 
 

The most common source of finance surprisingly was personal (32%, Table 10.19).  

This is closely followed by funding from the industry partner (31%), the inventor’s 

employer (24%) and the organisation where invention arose (20%).  There is probably a 

fair degree of overlap between these three categories for funding sources.  Interestingly, 
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only 11% used the 150% or 125% R&D tax concession in Australia as an aspect of 

funding the commercialisation of their technology.  Overall there appears relatively 

little other funding of the commercialisation process by government with:  

- 8% from AusIndustry or Industry Research & Development (IR&D) Board; 

- 3% from technology transfer company e.g. Unisearch or ANUTECH 

- 3% from the National Health and Medical Research Council (NHMRC) 

- 2% from Austrade; and 

- 1% from a cooperative research centre (CRC). 

 

Very few other inventors rely on funding from the Federal government for their 

invention.  Even though the NHMRC contributes to the research funding for 14% of 

patents (Table 10.17), it only funds the commercialisation for 3% of patents.  There is a 

degree of cross over between this question and Question 15 in terms of NHMRC, ARC 

and postgraduate research funding.  However, there does not appear to be any confusion 

between this question asking about funding sources for commercialisation and Question 

15 asking about the source of research funding. 

 

10.10.3.6 Outcome of invention (Q18) 

According to the answers given to this question (Table 10.20):  

- 48% (85/177) of patents led to a marketed product or service of which 3% 

(5/177) generated both a product and a service.   

- 3% (5/177) of patents were for improved production processes one of which also 

led to a marketed product.   

 

Thus, 50% (89/177) of patents led to a product or process innovation, in other words a 

technological innovation.33  

                                                 
33 N.B. due to inconsistencies in responses to this question and primarily Question 22, stating that 54% of 

patented technology had been manufactured, questionnaires were reviewed.  This figure for the number 

of technological innovations, however, unexpectedly remained the same at 50% (89/177) with 8 patents 

initially identified as innovations according to Question 18 being reclassified as non-innovations because 

they had not been manufactured or not used in a production process.  And 8 non-innovations were 

reclassified as innovations, for example, because they had been manufactured and generated sales - see 

Section 5.4.7 and Appendix 10.9. 
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Table  10.20: What has occurred to the invention described in your patent? (Q18) 

Outcome Number* % of 
177

Market research undertaken 61 34%
Business plan drafted for developing invention 58 33%
Financial backing sought 45 25%
Prototype was:  

- tested 82 46%
- made 79 45%
- tested in clinical trial 73 41%
- total 132 75%

Industrial company or industry partner:  
- already found 50 28%
- being sought 30 17%
- was found and now lost 29 16%
- is your employer 15 8%
- [total industry partner involvement (any of latter 3 categories) 91 51%]

Invention led to marketed product#,a 81 46%
Patent is basis of a new service# 9 5%
Nothing since submitting the patent 23 13%
Other  (Please describe)  

- patent was for an improved production processa 5 3%
- patent was just one part of productb 3 2%
- patent led to several products 3 2%
- “earlier patent led to product – current patent is acting as a 

blocker to competitors” 1 0.6%
- “bought by company to prevent its development” 1 0.6%
- don’t know 2 1%

No answer provided 1 0.6%
 
* inventors often gave multiple answers to this question – thus the total number of replies is 874 
# 5 patents led to both a marketed product and a new service, thus 85 patents led to a marketed product or 

a new service 
a one patent for an improved production process also “led to marketed product” 
b patents which are part of a product often are not made to a fully functioning prototype nor do they require 

separate market research for their commercialisation 
 

During the development of one third of patents, a business plan was drafted and market 

research was conducted.  In addition, 75% of the patents had a prototype of the 

invention made or tested.   

 

According to answers to this question, 51% of patents involve an industry partner at 

some stage.  However this differs to responses given in subsequent questions, especially 
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Question 25 asking about an industry partner, and so following the aforementioned 

review of questionnaires this figure was revised to 76% (135/177) (Appendix 10.11). 

 

10.10.3.7 Person in charge of commercialisation (Q19&20) 

 

Table  10.21: Who is currently in charge of commercialising your invention? (Q19) 

 Number % of 177 
Employee of industry partner 44 25% 
Inventor 37 21% 
Inventor with others 7 4% 
Co-inventor 6 3% 
Venture capitalist 4 2% 
No-one 31 18% 
Other person(s) (Please specify)  

- a company 19 11% 
- a company which took over original company 7 4% 
- technology transfer organisation 4 2% 
- employer 5 3% 
- university 1 0.6% 
- spouse 1 0.6% 
- research funding organisation 1 0.6% 
- research organisation 1 0.6% 
- don’t know 3 2% 

No answer provided 6 3% 
Total 177 100% 
 

 

The surveyed inventor is in charge of commercialisation for 25% (44/177) of the 

patents including 4% in conjunction with another person (Table 10.21).  Forty percent 

(70/177) of the time it is an employee of the industry partner (25%) or some other 

company (15%) that is in charge.  Close to one in five inventors state that “no-one” was 

in charge of commercialising the patented technology.   

 

 

 

 

 

 



 

 

133

 

Table  10.22: How would you rate the person in charge of commercialising your 

invention? (Q20) 

 Good Average Poor No answer 
provided 

Total

Experience in commercialisation 29% 21% 18% 32% 100%
Business experience 32% 24% 12% 32% 100%
Understanding of intellectual property 43% 17% 7% 33% 100%
Availability 28% 19% 8% 44% 100%
Personality 28% 23% 6% 44% 100%
Attitude 31% 21% 6% 43% 100%
Communication skills 31% 19% 8% 42% 100%
 
NB: the percentages are all of the 177 inventors surveyed 
 

The possible reasons why one third to close to one half of inventors did not answer the 

question about the person in charge of commercialisation (the “no answer provided” 

column in Table 10.22) could include that the technology is no longer being developed 

or manufactured or because the issue is too sensitive for the inventor to disclose.  Given 

that 18% of surveyed inventors said no-one was in charge, it is likely that between 14% 

to 18% of inventors feel this question is too sensitive.  Such sensitivity or reluctance to 

answer is probably because the topic concerns the inventor themselves or someone with 

whom they have held a long term professional relationship.  During interviews I found a 

certain reluctance amongst inventors to answer this question. 

 

It appears that the people in charge of the commercialisation of Australian medical 

patents in the US are most highly regarded on their understanding of the intellectual 

property and least in their experience in commercialising medical technology.  Overall 

the person in charge is rated as being predominantly “good” or “average” and few were 

rated as being “poor”. 
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10.10.3.8 Market research (Q21) 

 

Table  10.23: If market research has been done, what form has it taken? (Q21) 

Market research Australi
a

Overseas Total* % of 177 

Assessing size of market 68 83 95 54% 
Examining products of competitors 54 75 85 48% 
Examining production potential of 
competitors 

23 35 38 21% 

Survey of potential clients:  
- after using a prototype 40 40 55 31% 
- after given information about the 

invention 
28 34 45 25% 

- without information about the 
invention 

7 8 13 7% 

Invention was created in response to client 
needs 

49 44 62 35% 

Other (please specify)  
- market research not needed:  

o as market well known to 
inventor or industry partner 

7 4% 

o as invention was in response 
to product or production 
problem 

5 3% 

- technology rather than market driven 
development 

3 2% 

- don’t know 7 4% 
No answer provided 40 23% 
 
* does not equal the sum of “Australia” and “overseas” as many inventors circled both options.  Overall 

64% (113/177) undertook market research 
# market research not needed as market already well known to inventor or industry partner or the patented 

technology had been developed to deal with a production problem 
 

Overall 64% (113/177) of inventors surveyed state that some form of market research 

has been undertaken as part of the commercialisation process.  This research largely 

took the form of assessing market size and the products of competitors (Table 10.23).  

One third of patented inventions include a survey of potential clients after using a 

prototype.  Another third are created in response to client needs suggesting the 

technology is a market-driven development.   

 

Question 18 identifies 34% (61/177) of inventors stating that market research had been 

done, whereas here in Question 21 this increases to 64% (113/177).  Why?  Does this 

mean that the inventor initially was unsure as to what was meant by “market research” 
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or did Question 21 pick up inconsequential market research.  Certainly asking about 

“assessing size of market” and “examining products of competitors” does not 

differentiate between a cursory or sophisticated analysis.  This inconsistency could be 

clarified by asking further detail about the method used in the market research.  To get 

an overall measure whether any market research has been undertaken the answers for 

Question 18 and 21 are combined indicating 69% (123/177) have performed some form 

of market research. 

 

10.10.3.9 Manufacturing the patented technology (Q22) 

 

Table  10.24: How far down the path of manufacture is your invention? (Q22) 

 Australi
a

Oversea
s

Total* % of 177

In development phase 20 8 23 13%
Invention is under regulatory review 2 5 5 3%
Searching for production facilities 8 6 8 5%
Building production facilities at present 2 - 2 1%
Initial production run completed 9 5 13 7%
Being manufactured 55 46 77 44%
Ceased manufacturing 15 8 18 10%
Not to be manufactured 8 3 8 5%
Unlikely to be manufactured 32 25 34 19%
Other (please specify)  

- don’t know 4 2%
- “being used in products since 1986” 1 0.6%

No answer provided 4 2%
 
* does not equal in each row the sum of “Australia” and “overseas” as many inventors circled both in their 

answers.  In addition the grand total for the column is 197 and not the total number of 177 questionnaires 
as multiple answers were given for some patents.  For example, some products were “under regulatory 
review” but also “being manufactured”.  However no inventor circled both “being manufactured” and 
“ceased manufacturing”. 

 

It appears that 44% of patents are being manufactured and 10% have ceased 

manufacturing – all in all 54% of patented technology had been manufactured (Table 

10.24).  However this differs with answers given in Question 18 for some patents where 

the inventor sometimes did not indicate whether the patent resulted in a marketed 

product or a new service.  This suggests “manufacturing” in some cases may have been 

an initial production run not leading to a marketed product or service.  For this reason 
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40% (71/177) patents had their surveys reviewed to make a final decision on whether it 

leads to a technological innovation (see Section 5.4.7 and Appendix 10.11).  This is 

why the total number of patents classified as successfully commercialised was 50% 

instead of the 54% which had been manufactured.   

 

10.10.3.10 Reasons for not being manufactured (Q23) 

 

Table  10.25: If your invention is not going to be manufactured, why is that? (Q23) 

 Number* % of 177 
Patented idea did not work on testing - - 
Lack of interest from industry 25 14% 
Patented idea was uncompetitive against established products 11 6% 
Industry partner bought out by competitor 8 5% 
Market size too small 7 4% 
Lack of demand 4 2% 
Too expensive to manufacture 2 1% 
Insurmountable design problems 2 1% 
Patients or users found product to be unacceptable 2 1% 
Too expensive to market 1 0.6% 
High service demand from customer - - 
Beaten by competitors 1 0.6% 
Other  (Please specify)  

- lack of time or money for development 4 2% 
- patent is a process not a product 2 1% 
- “incompetence of technology transfer organisation” 1 0.6% 
- “patent was a blocking patent for industry partner not for 

commercialising” 
1 0.6% 

- “lack of marketing support body” 1 0.6% 
- “invention lacking other components” 1 0.6% 
- “no commercial application found for patent” 1 0.6% 
- “unable to do clinical trials due to lack of support from 

health professions” 
1 0.6% 

- don’t know 1 0.6% 
No answer provided 115 65% 
 
* the grand total is 191 as some inventors gave multiple answers 
 

Question 23 is answered by 35% (62/177) of inventors (Table 10.25).  The inventors 

who did not answer this question, in all probability would expect their technology to be 

developed.  The main reason for the patented technology not being commercialised is a 
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“lack of interest from industry”(14%), as it is “uncompetitive” (6%), or because the 

industry partner was bought out by a competitor (5%) or the market is too small (4%).   
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10.10.3.11 Response of competitors (Q24) 

 

Table  10.26: How did competitors in industry respond to your invention? (Q24) 

 Number* % of 177 
No response 54 31% 
Copying your idea / product 44 25% 
Creating new product 26 15% 
Not aware of invention 24 14% 
Legally challenging your patent 15# 8% 
Reducing prices 6 3% 
Lowering production costs 3 2% 
Restricting access to suppliers 3 2% 
Restricting access to distributors 4 2% 
Having a better product 2 1% 
Other  (Please specify)  

- no competitor 6 3% 
- “attempted takeover of industry partner” 1 0.6% 
- “attempted to contract inventor to ‘shut him up’ ” 1 0.6% 
- “attempted to purchase intellectual property” 1 0.6% 
- “created new regulatory hurdles for product” 1 0.6% 
- “threatened users would loose liability cover on 

associated product sold by competitor” 
1 0.6% 

- “entered into cooperative agreement with industry 
partner to market it internationally” 

1 0.6% 

- “infringed patent rights but had cross-licence agreement 
with industry partner not to sue” 

1 0.6% 

- don’t know 5 3% 
No answer provided 20 11% 
 
* grand total is 219 as many inventors gave multiple answers 
# this is double the number of 4% (7/177) legal challenges given in Question 10 – see Table 10.14 
 
As outlined in Table 10.26, forty percent (71/177) of competitors respond to the 

development of the patented technology usually by copying the technology (25%), 

creating a new product (15%) or mounting a legal challenge to the patent (8%).  Most 

competitors mount one strategy but 14% (24/177) use between 2 to 4 competitive 

strategies. 
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10.10.4 Industry partner 

 

10.10.4.1 Corporate status (Q25) 

 

Table  10.27: What is the current corporate status of your industry partner? (Q25) 

Corporate status of industry partner Changed corporate 
status*

Total % of 177

Independent firm 1 19 11%
Subsidiary of a large company 5 12 7%
Part of a larger organisation (e.g. corporate 
division or informal group) - 4 2%
Public company 11 32 18%
Private firm (if so please circle type below)  

- sole proprietor 4 8 4%
- family trust - 4 2%
- partnership 2 5 3%

Industry partner – 2 or 3 corporate statuses 2 13 7%
Industry partner – status not specified 15 16 9%
Other (please specify):  

- industry partner went bankrupt - 2 1%
- “charitable institution” - 1 0.6%
- 2 industry partners - 1 0.6%
- don’t know - 1 0.6%
- no industry partner - 2 1%

No answer provided# - 57 32%
Total 40 177 100%
 
* included in column headed “Total” 
# Means there probably was no industry involvement.  Inventors were asked to bypass Question 25 to 34 “if 

there has been NO industry involvement with your invention” 
 
 

Overall two thirds of patents (118/177) appear to involve an industry partner at the time 

of the survey (Table 10.27).  In under half of cases (80/177) the commercialisation 

process involves an industry partner that is either a public (18%), independent (11%) or 

a subsidiary (7%) company or a private firm (10%).  In 23% of patents the industry 

partner changes their corporate status during the commercialisation process - involving 

one in three industry partners.  Most (29/40) of these involve corporate takeovers – in 

other words one in six patents (16%) involves a corporate takeover: 

- 11% (20/177) by an overseas company; 
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- 3% (6/177) by an Australian company; and 

- 2% (3/177) by both Australian and overseas companies at different times. 

 

Initially 67% (118/177) of patents appeared to involve an industry partner at the time of 

the survey.  This figure includes 7 who upon the review of questionnaires, were found 

not to be involved anymore and this figure was revised to 63% (111/177) – see Section 

5.4.7 and Appendix 10.11.  It was also established that 76% (135/177) of patents 

involve an industry partner at some stage during the commercialisation process. 

 

10.10.4.2 Type of company (Q26) 

 

Table  10.28: What kind of company is your industry partner? (Q26) 

 Number % of 177 
Pharmaceutical company 20 11% 

+ medical technology company 2 1% 
+ biotechnology company 6 3% 

Biotechnology company 16 9% 
+ medical technology company 2 1% 
+ venture capital firm 1 0.6% 

Medical technology company 38 21% 
Other technology company 9 5% 
Other industrial corporation (other than technology company) 11 6% 
Venture capital firm 4 2% 
Financial institution (other than venture capital firm) - - 
Other (please specify):  

- small manufacturer (one was of surgical instruments) 3 2% 
- company set up for commercialising patent 2 1% 
- “light mechanical” 1 0.6% 
- “plastics company” 1 0.6% 
- “sports & medical company” 1 0.6% 
- “tool workshop” 1 0.6% 
- “research institute*” 1 0.6% 
- don’t know 1 0.6% 
- “no industry partner” 1 0.6% 

No answer provided# 56 32% 
Total 177 100% 
 
* not classified as an industry partner 
# Means there probably was no industry involvement.  Inventors were asked to bypass Question 25 to 34 “if 

there has been NO industry involvement with your invention” 
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Not surprisingly, the most common industry partners are pharmaceutical, biotechnology 

and medical technology companies making up 85 of the 118 industry partners i.e. 72% 

which are involved with half (85/177) of the surveyed patents (Table 10.28).  By 

combining answers to Questions 26 and 27 it appears that 3% (6/177) of patents involve 

a start-up company specifically set up for commercialising the patents.  The patents for 

these start-ups come in equal 1% proportions from university, industry, and the rest of 

the public sector.  Though this may be an underestimate as there is no specific option 

listed pertaining to start-ups for inventors to circle in the survey. 

 

10.10.4.3 Involvement in commercialisation (Q27) 

 

Table  10.29: What involvement has your industry partner had up to now in the 

commercialisation process? (Q27) 

 Number* % of 177
Source of original idea for patent 9 5%
Employed inventor(s) at the time of submitting patent application 22 12%
Had other links with inventors at the time of submitting patent 
application 14 8%
Involved with research leading to the original patent 28 16%
Submitting patent application 41 23%
Only involved after patent submitted 42 24%
Constructing prototype 48 27%
Testing prototype 51 29%
Conducting initial market research 44 25%
Drafting the first business or development plan 35 20%
Providing manufacturing facilities 57 32%
Searching for external manufacturing facilities 18 10%
Providing financial support 50 28%
Searching for external financial support 16 9%
Providing own distribution network 39 22%
Searching for distributors 26 15%
Other type of involvement (Please specify)  

- company set up for commercialising patent 4 2%
- industry partner had no involvement 3 2%
- “no industry partner” 1 0.6%
- don’t know 1 0.6%

No answer provided# 57 32%
 
* grand total is 606 as many inventors gave multiple answers 
# Means there probably was no industry involvement.  Inventors were asked to bypass Question 25 to 34 “if 

there has been NO industry involvement with your invention” 
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Early industry involvement occurs with 24% (43/177) of patents with the business 

partner either being the source of original idea or research, or employing or having 

some other link with the inventor (Table 10.29).  Generally industry participation is 

from the time of submitting the patent onwards.  In 51% (91/177) of patents, the 

industry partners are involved with constructing and testing prototype (i.e. product 

development), market research, and providing finance and manufacturing facilities.34   

 

10.10.4.4 Country, ownership and size of industry partner (Q28-30) 

 

Table  10.30: In which country is your main industry partner based? (Q28)  What 

percentage of this company is Australian owned? (Q29)  How many employees 

does your industry partner have? (Q30) 

 No. % of 
177

Majority Australian ownership 
No. (% of first column)

Median No. 
employees* 

Australia 57 32% 44 (77%) 65 
Australia & overseas countries 2 1% 1 (50%) 3,200 
US 36 20% 1,000 
US & overseas countries 4 2% 5,500 
UK 9 5% 1,000 
Japan 5 3% 1 (20%) 1,000 
Germany 4 2% 525 
Other country (please specify):   

- Multiple overseas 
countries 4 2%

- 

- “Netherlands” 1 0.6% 4,000 
- “New Zealand” 1 0.6% 20 
- don’t know 1 0.6% - 

No answer provided# 53 30% - 
Total 177 100% 46 (26%) 325 
 
* only 56% (70/124) of inventors who answered these questions indicated the number of employees in Q30 
# Means there probably was no industry involvement.  Inventors were asked to bypass Question 25 to 34 “if 

there has been NO industry involvement with your invention” 
 
 

As a proportion of all patents, the industry partner is generally based in Australia (33% 

= 59/177) and in the US (23% = 40/177) (Table 10.30).  The remaining 24% are with 

industry partners based in one or two other overseas countries.  Seventy-seven percent 

                                                 
34 Please note that the above figures are less than the sum from Table 5.29 due to the multiple answers 

provided by individual inventors. 
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of Australian based companies are majority Australian owned.  Not surprisingly the 

overseas companies are larger with a median of 1,000 or more employees whereas 

companies in Australia are a lot smaller with a median of 65 employees.  Of the 

companies located in Australia 71% (24/34) fit into the definition of small to medium-

sized enterprise (SME).  These are companies ranging from sole traders to up to 250 

employees.  For companies overseas, the converse is true, with only 25% (9/36) being 

SMEs and 75% (27/36) being large enterprises employing more than 250 people. 

 

10.10.5 Manufacturing invention 

 

10.10.5.1 Years of manufacture (Q31) 

 

Table  10.31: For how many years has your invention been manufactured? (Q31) 

 Number % of 177
< 1 year 12 7%
1-4 years 25 14%
> 4 years 56 32%
Don’t know 4 2%
No answer provided# 80 45%
Total 177 100%
 
# Means there probably was either no industry involvement or the inventor did not know or there were no 

sales in the previous financial year.  Inventors were asked to bypass Question 25 to 34 “if there has been 
NO industry involvement with your invention” 

 

Thirty-two percent of patented technology is manufactured for more than 4 years (Table 

10.31).  In other words the median duration of manufacture is more than 4 years for 

patents which are commercialised.  This is consistent with the findings of Firestone [, 

1971 #12] who found that the median duration of manufacture was 5 to 9 years.  

However, his figure relates to the 1960s and the expectation was that the duration of 

manufacture would have decreased [e.g. \Sanderson, 1995 #377]. 
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10.10.5.2 Sales of technology (Q32) 

Of the 177 patents in the survey, 34% (60/177) generated sales in the previous financial 

year in 1997 or 1998 (Table 10.32).  And 13% (23/177) had sales of over AUD$1 

million in the previous financial year between 3 and 15 years after the patent had been 

granted (a median of 8 years). 

 

Table  10.32: In the last financial year, what have been your sales in Australia and 

overseas? (Q32) 

Sales in last financial year* Number % of 177 
$0 24 14% 
$1-50,000 22 12% 
$50,000<100,000 5 3% 
$100,000<1million 10 6% 
$1-3 million 7 4% 
$4-10 million 8 4% 
$11-19 million 4 2% 
$20-50 million 3 2% 
$>50 million 1 0.6% 
Don’t know 4 2% 
No answer provided# 89 50% 
Total 177 100% 
 
* in Australian dollars (AUD) 
# Means there probably was either no industry involvement or the inventor did not know or there were no 

sales in the previous financial year.  Inventors were asked to bypass Question 25 to 34 “if there has been 
NO industry involvement with your invention” 

 
 

What is the overall value of the sales in the previous year?  Using the middle amount 

for the ranges of sales figures in the left hand column of Table 10.32 (for the last 

category of “$>50million” - $50million was taken as the sales figure), multiplying this 

by the number of patents and then adding it all up - comes to a total of $287 million of 

sales in the previous financial year.  Knowing that the median duration of manufacture 

is more than 4 years (Table 10.31), and that from previous surveys the median duration 

was between 5 and 9 years (Section 2.9.2), a conservative estimate for the median 

duration of manufacture is 5 years.  Thus, potentially these patents have generated sales 

in excess of AUD$1.435 billion (5 years*$287 million).  This figure does not include 

the 14% of patents, that inventors indicated had not made any sales in the previous year, 
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but which may have generated sales in earlier years.  Also these figures were generated 

a median of 8 years after a patent had been granted which is late in the product cycle 

except maybe for pharmaceuticals which take 12 years to bring to market [Sharp, 1994 

#370].   

 

As a rough estimate, the average sales generated per patent is AUD$8.1 million 

(AUD$1.435 billion / 177 patents).  However, approximately 19% (33/177) of patents 

would be responsible for generating most of these sales (this includes all patents 

producing annual sales of AUD$100,000<1million and above in Table 10.32).   
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10.10.5.3 Country of manufacture (Q33) 

 

Table  10.33: In which countries is your invention being manufactured? (Q33) 

 Number % of 177 
Australia 43 24% 

+ US 10 6% 
+ US, France, Brazil 1 0.6% 
+ US, India, China 1 0.6% 
+ US, Ireland 1 0.6% 
+ US, Japan 1 0.6% 
+ US, Japan, Germany 1 0.6% 
+ US, Romania 1 0.6% 
+ UK 2 1% 
+ UK, Germany, Spain, Slovenia 1 0.6% 
+ UK, South Africa, Sweden 1 0.6% 
+ Italy 1 0.6% 
+ Singapore 1 0.6% 
Subtotal 65 37% 

US 19 11% 
+ Germany 2 1% 
+ Ireland 1 0.6% 
+ Japan 1 0.6% 

UK 3 2% 
+ Germany 1 0.6% 

Germany 2 1% 
Netherlands 2 1% 
Europe 1 0.6% 
Japan 2 1% 
Pakistan 1 0.6% 
Hong Kong 1 0.6% 
New Zealand 1 0.6% 
No answer provided# 75 42% 
Total 177 100% 
 
# Means there probably was no industry involvement or the inventor did not know.  Inventors were asked to 

bypass Question 25 to 34 “if there has been NO industry involvement with your invention” 
 

According to Question 33, 58% (102/177) of patented medical technology ends up 

being manufactured (Table 10.33) – however as will be seen in Table 10.46 – not all 

patents that are manufactured result in a technological innovation.   
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Of all patented technology in the survey: 

- 37% (65/177) are manufactured in Australia; 

- 22% (39/177) are manufactured in the US; 

- 4% (8/177) are manufactured in the UK; 

- 4% (7/177) are manufactured in Germany; and 

- 3% (5/177) are manufactured in Japan. 

 

These Australian medical patents are manufactured in many different countries with 

15% (27/177) being manufactured in 2 or more countries including: 

- 9% (16/177) in Australia and the US; 

- 2% (4/177) in Australia and the UK; 

- 13% (23/177) in the US and other overseas countries; 

- 2% (4/177) in the UK and other overseas countries. 

 

 

Table  10.34: Is your invention being manufactured in Australia or overseas? 

(Q33, simplified) 

 Total % of 177
Australia 43 24%
Australia and overseas 22 12%
Overseas 37 21%
No answer provided# 75 42%
Total 177 100%
 
# Means there probably was no industry involvement or the inventor did not know.  Inventors were asked to 

bypass Question 25 to 34 “if there has been NO industry involvement with your invention” 
 

In summary, 37% (65/177) of medical patents in the US of Australian inventors are 

manufactured in Australia and 33% (59/177) are wholly or partly manufactured 

overseas (Table 10.34).   

 

After separating out all 102 patents that are manufactured, 64% are manufactured in 

Australia and 57% overseas. 
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10.10.5.4 Reason for choosing country of manufacture (Q34) 

 

Table  10.35: What has influenced the location of manufacture of your invention? 

(Q34) 

 Number* % of 177 
Site of industry partner’s manufacturing facilities 60 34% 
Production capability 16 9% 
Lack of support from Australian industry# 15 8% 
Lack of support from Australian Governments# 13 7% 
Location of manufacturing company 13 7% 
Access to technology 13 7% 
No suitable manufacturing facility found in Australia 11 6% 
Closeness to customers 11 6% 
Availability of good staff 9 5% 
Access to suppliers 7 4% 
Lower capital costs 5 3% 
Lower labour costs 5 3% 
Government assistance 4 2% 
Lower freight and cartage costs 3 2% 
Lower tariffs 2 1% 
Less restrictive legislation 1 0.6% 
Other (Please specify)  

- access to domestic markets in the US 3 2% 
- access to domestic markets in Australia 2 1% 
- desire by inventor to have it manufactured in 

Australia 2 1% 
- “closeness of company’s R&D facilities” 1 0.6% 
- “license agreement” 1 0.6% 
- “tariff reduction in Australia forced industry 

offshore” 1 0.6% 
No answer provided 80 45% 
 
* the total is 278 as inventors gave multiple answer 
# taken together these factors affected a total of 10% (17/177) patents 
 

For the 58% (102/177) of manufactured patents - the main factor (59% = 60/102) 

influencing the site of manufacture is where the industry partner happens to have their 

manufacturing site.  The location of manufacture for 10% of patented technology is 

affected by a lack of support from either Australian industry or government.  Contrary 

to expectation, only 6% of inventors state that no suitable manufacturing facility was 

found in Australia.  However, given that most technologies are manufactured by the 
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industry partner suggests that the inventor is generally not specifically looking for an 

Australian manufacturing facility.   

 

10.10.6 Commercialisation process 

 

10.10.6.1 Factors affecting commercialisation (Q35) 

 

Table  10.36: While commercialising your invention how did you find the following 

factors? (Q35) 

 Not an issue Poor Good No answer 
provided

Access to finance in Australia 21% 50% 5% 24%
Size of Australian industry in field 
of invented technology 

18% 49% 12% 21%

Interest from industry in Australia 20% 44% 18% 18%
Size of Australian market 12% 43% 23% 22%
Expertise in Australian finance 
industry to understand invention 

33% 41% 4% 22%

Expertise in Australian industry to 
understand invention 

15% 38% 28% 19%

Access to markets overseas 24% 27% 25% 24%
Access to finance overseas 36% 24% 14% 27%
Information on markets 27% 22% 29% 23%
Interest from industry overseas 17% 15% 47% 21%
Regulatory environment 33% 14% 22% 31%
Trust of industry partner 25% 13% 33% 29%
Quality of distributors 34% 13% 23% 31%
Demand from customers 22% 11% 39% 28%
Quality of suppliers 37% 11% 20% 32%
Size of overseas market 7% 7% 62% 23%
Acceptance by customers or 
patients  

20% 3% 51% 27%

 
N.B. all percentages are of 177 surveyed inventors and each row adds up to 100% 
 

The main barriers to commercialisation that medical inventors encounter include: 

- poor access to finance in Australia (50%); 

- small size of Australian industry in field of invented technology (49%); 

- poor interest from Australian industry (44%); 

- small size of Australian market (43%); and 
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- poor expertise in Australian industry (38%) and finance industry to understand 

invention (41%). 

 

The main factors which facilitate the commercialisation process include in descending 

order: 

- large size of overseas market (62%); 

- acceptance by customers or patients (51%); 

- interest from industry overseas (47%); 

- demand by customers (39%); and  

- trust of industry partner (33%). 

 

10.10.6.2 Sources of advice on commercialisation (Q36) 

 

 

 

 

 

 

 

 

 

 

Figure  10.14: Number of advisers sought by 177 inventors during the process of 

commercialising their patented technology 

 

 

The average number of advisers sought by inventors during the commercialisation 

process is 1.8 advisers or a median of 1 adviser (Figure 10.14), which is not very high.  

So from whom do inventors seek advice?   

 

 

 

 

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 9

No. of advisers

No
. o

f i
nv

en
to

rs



 

 

151

 

Table  10.37: From whom did you seek advice while commercialising your 

invention? (Q36) 

 Number* % of 177
Patent attorney 96 54%
Marketing expert 51 29%
Lawyer 30 17%
Accountant 25 14%
Venture capitalist 23 13%
Technology transfer office 20 11%
Friends & relatives 15 8%
Licensing officer 10 6%
Other advisers:  

- industry partner 12 7%
- business contacts 8 5%
- medical advisers 4 2%
- government adviser 4 2%
- colleagues 2 1%
- inventor’s association 1 0.6%
- other inventors 1 0.6%
- entrepreneur workshop 1 0.6%

No answer provided 19 11%
 
* inventors gave multiple answers to this question giving a total of 322 
 

Not surprisingly 54% primarily seek advice from their patent attorney (Table 10.37).  

Almost one third look for advice from a marketing expert, one in six from a lawyer and 

one in seven from an accountant.   

 

Given that 45% of patents are either sold or licensed, one would expect inventors, for 

example, to seek more advice from people with expertise in licensing e.g. lawyers and 

accountants. 
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10.10.6.3 Government programs used during commercialisation (Q37) 

 

Table  10.38: Which programs have you used in commercialising your invention? 

(Q37) 

 Number % of 177 
Export market development grants scheme 28 16% 
NIES world class manufacturing* 6 3% 
Export finance insurance corporation 3 2% 
International trade enhancement scheme 1 0.6% 
Australian best practice demonstration program 1 0.6% 
Development import finance facility (DIFF) 1 0.6% 
Advanced manufacturing technology program 0  
None of the above 123 69% 
Other programs (Please specify) 0  

- one-off Commonwealth Government grant 3 2% 
- AIRDIS# 1 0.6% 
- Austrade 1 0.6% 
- Japan External Trade Organization (JETRO)a 1 0.6% 
- don’t know 1 0.6% 

No answer provided 22 12% 
 
* National Industry Extension Service (NIES) Programs providing assistance to small and medium sized 

business in the manufacturing and service sectors to become internationally competitive through 
enterprise improvement. NIES is a joint Federal and State network of business information and advisory 
services. The NIES programs fall within two groups, General programs and NIES Accredited programs. 
(http://www-cec.buseco.monash.edu.au/reports/dist/appendb.html [27 August 2002]) 

# AIRDIS is the Australian Industrial Research and Development Incentive Scheme  
a The Japan External Trade Organization (JETRO) was established by the Japanese Government in 1958 

as the nation's principal organization for implementing trade policy on a comprehensive basis. Today, 
JETRO concentrates on providing business support services, resources and programs to assist 
manufacturers, exporters and entrepreneurs in doing business with Japan. JETRO also promotes co-
operation between industries and assists companies to invest in Japan (http://www.jetro.org.au/ [27 
August 2002]) 

 

Of the 177 inventors interviewed for this study, 82% (145/177) have not benefited from 

a Commonwealth or State government grant aimed at assisting Australian companies 

(Table 10.38).  Of the 18% (31/177) that did – 12% (21/177) of inventors use only one 

program, but 4% (7/177) use 2, 1% (2/177) use 3 and 0.6% (1/177) use 4.  The Export 

Market Development Grants Scheme35 is the main Commonwealth Government 

Program used by inventors in the survey when commercialising their technology.  

                                                 
35 The Export Market Development Grants scheme is administered by Austrade, with the purpose of 

encouraging small and medium sized Australian businesses to develop export markets.  It reimburses up 

to 50% of expenses incurred on export promotional activities.  In 2002-03, $143.9 million was paid to 
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Such low usage of government programs may be because inventors worked for public 

organisations and that most technology was either sold or licensed to an established 

company, and only 3% involved a start-up company.   

 

10.10.6.4 Inventor’s opinion of Australian government and industry (Q38) 

 

Table  10.39: In terms of commercialising your invention, how would you rate the 

following? (Q38) 

 Not an 
issue

Poor Good Inventor did 
not answer

Australian government support through:  
- Provision of funds for developing 

invention 
28% 42% 18% 13%

- Vision for industry 38% 39% 3% 20%
- Using purchasing power to support 

Australian products 
46% 33% 3% 18%

- Industry policy 42% 32% 4% 22%
- Austrade 42% 28% 12% 18%
- Using political networks overseas to 

support Australian products / industry 
50% 27% 6% 17%

Industry in Australia:  
- Quality / experience of personnel 16% 33% 32% 20%
- Industrial R&D facilities 27% 28% 22% 24%
- Production facilities 20% 27% 33% 20%
- Cost of labour 36% 25% 18% 21%
- Tax on start-up companies during non-

profit phase 
43% 23% 8% 26%

- Link with universities 23% 23% 32% 23%
 
N.B. all percentages are of 177 surveyed inventors and each row adds up to 100% 
 
 

                                                                                                                                               
3843 businesses.  The average grant was $36,280.  Over two-thirds of businesses receiving funding 

reported annual incomes of $5 million or less.  See http://www.austrade.gov.au/ [4 December 2003] 
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In terms of commercialising their invention, the role of government is not seen as an 

issue for between one third and one half of the inventors (Table 10.39).  However, 

between 27% and 42% of inventors thought that the support from government is poor 

including in: 

- provision of funds for developing invention (42%); 

- vision for industry (39%); 

- using purchasing power to support Australian products (33%); 

- industry policy (32%); 

- Austrade (28%) which is the Federal Government agency assisting Australian 

companies win overseas business by providing support in developing 

international markets; 

- using political networks overseas to support Australian products / industry 

(27%). 

 

Only 3% to 18% of inventors rate the support from the Commonwealth Government as 

good, with provision of funds for developing the invention ranking the highest.   

 

Similarly for Australian industry around one quarter to a third of inventors rate industry 

in Australia as poor and yet a similar number inventors indicate industry on the various 

categories as good.  The exception being that 23% of inventors think that the level of 

tax on start-up companies is poor and only 8% think it is good. 
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10.10.6.5 Constraints on commercialisation (Q39) 

The remaining questions in the survey (except Question 44) are open-ended (more 

inductive in nature) in order to give a deeper and more individual perspective of the 

inventors’ feeling about the commercialisation process.  The responses are categorised 

and put into tables.   

 

It is not surprising that the main constraint to commercialisation that inventors identify 

(41%) is inadequate finances (Table 10.40).  This is consistent with the finding above 

for Question 35 (Table 10.36) where 50% indicated that one of the barriers to 

commercialisation in Australia is poor access to finance.  This lack of finances not only 

encompasses venture capital or the equity gap but inventors found shortages in all 

phases of commercialisation from R&D through to marketing. 

 

The second most common constraint affecting one third of inventors is a perceived lack 

of support ranging from colleagues, the Australian public, health professionals and 

Australian government and industry.  This may reflect the the existence of a negative 

enterprise culture in Australia [Industry Task Force on Leadership and Management 

Skills, 1995 #327], the so-called tall-poppy syndrome. 
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Table  10.40: What were the three most important constraints in the 

commercialisation of your invention? (Q39) 

 Number* % of 177 
Inadequate finances for: 72 41% 

- venture capital 11 6% 
- research & development 8 4% 
- marketing 7 4% 
- clinical trials 6 3% 
- seed capital 5 3% 
- miscellaneous activities 8 4% 
- unspecified activities 27 15% 

   

Lack of support from: 52 29% 
- Australian industry 14 8% 
- Australian governments 10 6% 
- health practitioners 10 6% 
- colleagues or Australian public 10 6% 
- industry partner 4 2% 
- employer 4 2% 

   

Market constraint 45 25% 
- difficulty accessing world market 19 11% 
- gaining acceptance of a new product 10 6% 
- small size of market 6 3% 
- small size of Australian market 4 2% 
- others 6 3% 

   

Commercial barriers 40 23% 
- difficulty finding an industry partner 14 8% 
- competition from existing products 9 5% 
- difficulty finding an Australian manufacturer 6 3% 
- others 11 6% 

   

Poor management of commercialisation process 25 14% 
- by university or their technology transfer 

organisation 14 8% 
- by industry partner being unable to innovate 6 3% 
- by others 5 3% 

   

Lack of expertise in commercialisation 22 12% 
- difficulty accessing advice 14 8% 
- in specific areas e.g. patenting, marketing & law 8 4% 

   

Constraint of meeting regulatory requirements 19 11% 
Lack of time 13 7% 
Miscellaneous other constraints 31 18% 
No answer provided 23 13% 
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* total number of inventors for each major category are in bold and they are not mutually exclusive 
meaning that an inventor may have contributed answers in up to 3 major categories. 

 

A quarter of inventors highlight market constraints, primarily the difficulty accessing 

world markets (10%) such as through building links with overseas distributors.  Other 

market constraints include: 

- the difficulty in gaining acceptance of a new product (6%); and 

- the small size of the market for the product (3%) especially for the Australia 

market (2%).  

 

Commercial barriers are the fourth most common constraint.  These include difficulty 

finding an industry partner (8%), problems of competition from existing products (5%) 

and the challenge of finding an Australian manufacturer (3%). 

 

The remaining constraints include: 

- inventors having experienced poor management of the commercialisation 

process (14%); 

- one in eight inventors complaining about a lack of expertise in 

commercialisation (12%) especially difficulty in accessing advice on 

commercialisation; 

- one in nine inventors thinking that meeting regulatory requirements is a major 

constraint; and 

- 7% of inventors complaining of not having enough time to devote to 

commercialisation. 

 

10.10.6.6 Factors aiding commercialisation (Q40) 

Over one quarter of inventors state that their own personal attributes are one of the three 

most important factors aiding the commercialisation process – the most important of 

which is perseverance (Table 10.41).  Not surprising the next two most important 

factors aiding inventors is that the patent encompassed a quality product (25%) with 

strong market access and demand (24%). 
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Twenty percent state that specific support helped in the commercialisation process.  

These include the industry partner, employer, colleagues, university and the 

government. 
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Table  10.41: What were the three most important factors aiding in the 

commercialisation of your invention? (Q40) 

 Number % of 177
Personal attributes of inventors* 48 27%

- perseverance 25 14%
- experience and expertise 18 10%
- perseverance or expertise of co-inventor 12 7%
- links of inventors with industry 8 5%
- other attributes 2 1%

Quality of patent or product* 45 25%
- unique or quality product 28 16%
- strong patent position 13 7%
- cheap product 7 4%
- other 2 1%

Market access and demand 42 24%
- customer demand or unmet medical need 24 14%
- good marketing 6 3%
- access to good distributors 5 3%
- acceptance by health profession 5 3%
- other 2 1%

Support from*: 36 20%
- industry partner 14 8%
- employer 6 3%
- colleagues 6 3%
- university 4 2%
- government 4 2%
- other support 4 2%

Good management of commercialisation process 35 20%
- by industry partner 26 15%
- by technology transfer organisation or company 3 2%
- by others 6 3%

Access to funding* 32 18%
- government funding or 150% tax concession 9 5%
- wages of R&D staff or inventor paid by university 8 4%
- access to venture capital or industry funding 8 4%
- personal funds 3 2%
- other funding 6 3%

Good links 16 9%
- access to R&D facilities 9 5%
- other links 7 4%

No answer provided 37 21%
 
* total number of inventors for each major category are in bold and the subcategories are not mutually 

exclusive meaning that an inventor may have had 2 factors (for example, under “personal attributes of 
inventors”) and so the subcategories may add up to more than the total. 
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The fifth most important factor aiding 20% of inventors is good management of the 

commercialisation process primarily by the industry partner.  

 

Surprising is that access to funding is the fifth factor - and not the most important factor 

- aiding the commercialisation process. 

 

Close to one in ten inventors feel that good links especially access to R&D facilities 

helped in commercialising invention.  The exact nature of these supports from “good 

links” were not detailed and may have been a form of financial aid, for example, by not 

being charged for the use of facilities. 

 

10.10.6.7 Improving the commercialisation of Australian medical inventions (Q41) 

It is not unexpected that 41% of inventors deem improving access to funds as the main 

way to improve the commercialisation of Australian medical technology (Table 10.42).  

They think that government has a major role in providing this funding either directly or 

indirectly through tax concessions.  The nature of this funding ranges from research and 

development, patenting, venture capital to start-up companies.   

 

One in four inventors recommends that the management of commercialisation needs to 

be improved. 

 

The third lot of recommendations includes support for innovation in Australia (24%) 

especially a shift in Australian culture to support and celebrate inventiveness and 

entrepreneurship (9%).   

 

A couple of inventors indicate that research funding agencies such as the NHMRC need 

to view more favourably research applications which have commercial potential and to 

value patents as much as publications.  Similarly they wish that universities should 

value patents as much as publications in terms of funding and promoting academics.   
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Table  10.42: What would you change to improve the commercialisation of 

Australian medical inventions? (Q41) 

 Number % of 177
Improving access to funds* 72 41%

- improve government funding for development of 
inventions 30 17%

- increase venture capital in Australia including greater 
tax concessions for patient capital 26 15%

- increase incentives for companies in Australia to 
commercialise Australian medical inventions 11 6%

- patenting costs to be refundable or tax deductible 8 5%
- improve government funding for start-up companies 7 4%
- other 5 3%

   

Improving the management of commercialisation* 44 25%
- increase training in commercialisation for academics or 

health professionals 9 5%
- improve management of commercialisation skills in 

industry 8 5%
- encourage government & university links with industry 8 5%
- improve expertise in university technology transfer 

organisations or companies 7 4%
- improve attitude to & support of government employees 

being involved in commercialisation ventures 5 3%
- other 10 6%

   

Support for innovation 43 24%
- shift in Australian culture to supporting & celebrating 

inventiveness & entrepreneurship 16 9%
- consistent supportive industry policy for further 

developing a medical industry in Australia 11 6%
- foster the “Buy Australia” spirit 3 2%
- other 13 7%

   

Access to advice on commercialisation* 38 21%
- commercialisation centre 27 15%
- increase access to government for advice or to their 

programs or facilities for testing 7 4%
- commercialisation network or mentors 5 3%
- other 4 2%

   

No answer provided 44 25%
 
* total number of inventors for each major category are in bold and the subcategories are not mutually 

exclusive meaning that an inventor may have had 2 or more factors they would change and so the 
subcategories may add up to more than the total. 
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In addition, they articulate that there should be more incentives for government 

bureaucrats to be involved in commercialising technology or forming links with 

industry. 

 

The final group of recommendations involve improved access to advice on 

commercialisation.  Most often inventors desire some type of commercialisation centre 

where they can access first-class advice and assistance in forming links with industry, 

finding funds or facilities for testing inventions.  Such services inventors generally want 

funded by government.  However, the locus of control for such a body could either be 

within a government bureaucracy or as an independent organisation or this is not 

specified.   

 

10.10.6.8 How could the invention have been made in Australia? (Q42) 

 

Table  10.43: … how could your invention have been manufactured in Australia? 

(Q42) 

 Number % of 177 
if there had been an Australian medical industry in this area of 
technology 11 6% 
if Australian industry had been willing to diversify 8 5% 
if current Australian manufacturing facilities were improved 7 4% 
if Australian industry was more interested in commercialising 
Australian inventions 5 3% 
if there had been better support & funding of commercialisation 4 2% 
if health professionals had been more willing to support Australian 
medical inventions 2 1% 
if more venture capital had been available 2 1% 
if inventor had been released from other duties 2 1% 
Miscellaneous 6 3% 
Inventor indicated not applicable or no answer provided 130 73% 
Total 177 100% 
 

 

The most common recommendation to enable the invention to be manufactured in 

Australia is to have an established industry in the area of the invented technology (6%, 

Table 10.43).  The second major barrier to commercialising in Australian is the 

unwillingness of Australian industry to diversify (5%). 
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The third most common barrier is that current Australian manufacturing facilities need 

to be improved.  This is followed closely by a perceived reluctance of Australian 

industry to commercialise Australian inventions. 

 

The fifth point of concern is that if there is better support and funding of 

commercialisation in Australia the invention could have been manufactured in 

Australia.   

 

These indicate that the barriers to innovation lie within the culture and organisations of 

Australian industry and in the broader institutional environment. 

 

10.10.6.9 Have we missed anything? (Q43) 

The purpose of this question was to see whether inventors perceived that the survey 

entailed a specific bias and whether important determinants were being missed by the 

survey.  Half the inventors did not answer this question and close to a quarter of 

inventors stated that the survey had not missed anything.  A summary of issues 

inventors thought were missing from the survey is presented in Table 10.44. 

 

In terms of bias, 3% of inventors state that the questionnaire assumes that one patent 

leads to one product rather than possibly to just one part of a product.  Some suggest the 

study should have examined patent portfolios instead (3%).   

 

Inventors indicate that the survey did not ask specific questions about the emotional 

experience of the inventor and whether they received any financial or other benefit or 

whether they suffered a financial loss from the commercialisation process (5%=8/177). 
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Table  10.44: Have we missed anything? (Q43) 

 Number* % of 177 
Not missed anything 39 22% 
   

Bias 7 4% 
- questionnaire assumes one patent leads to one product 

rather than possibly just one part of a product 5 3% 
- towards inventions coming from outside companies 1 0.6% 
- towards products and not manufacturing processes 1 0.6% 

   

Missed asking about 19 11% 
- emotional and financial cost or benefit to inventor 8 5% 
- inventor’s other patents or patent portfolio 6 3% 
- blocking patents 1 0.6% 
- import replacement and exports 1 0.6% 
- tariffs 1 0.6% 
- application of invention 1 0.6% 
- political will in Australia about fundamental science 1 0.6% 

   

Comments about 17 10% 
- the lack of vision or support from government 6 3% 
- product not being successful 3 2% 
- cost, incompetence or negative effect of Therapeutic 

Goods Authority (TGA) 3 2% 
- the patent being commercialised by accidents 1 0.6% 
- industry finances became constrained 1 0.6% 
- the problem getting funding through to product being 

registered 1 0.6% 
- things having improved since 1984 1 0.6% 
- having difficulty enforcing patent rights overseas 1 0.6% 

   

Unclear responses 4 2% 
Complements 5 3% 
No answer provided 86 49% 
Total 177 100% 
 

10.10.6.10 The interest of surveyed inventors in the research (Q44) 

Overall there is a lot of interest amongst inventors in the results of this survey with 88% 

(156/177) wanting a copy of the final research article and 12% that do not want a copy. 
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10.10.7 Summary of commercial outcomes for medical patents 

 

The commercial outcome for medical patents was determined following the review of 

questionnaires, primarily to ensure correct classification of patents as technological 

innovations or not (Appendix 10.11).  This was particularly important as this was to be 

the outcome (dependent) variable in the bivariate and multivariable analysis examining 

the determinants of innovation.  The main inconsistency in responses by individual 

inventors was between the answer to Question 18 “invention led to marketed product” 

or “patent is the basis of a new service” or “patent was for an improved production 

process” and Question 22 where inventors circled whether the patent was “being 

manufactured” or “ceased manufacturing”. 

 

After reviewing 40% of the questionnaires, 50% of patents were confirmed to have 

become technological innovations (Appendix 10.11) with 8 patents reclassified from 

innovation to non-innovation and coincidently another 8 from non-innovation to 

innovation.   

 

The question is how to treat patented technology classified as still being under 

development.  There is good reason to think that maybe these patents had low 

probability of being successfully commercialised especially as the survey was 

conducted a median of 8 years (ranging from 3 to 15 years) after the patent had been 

granted, with the patenting process taking an average of 2 years,36 and thus, if it had not 

been developed by the time of the survey it would be fair to surmise that it is unlikely to 

be developed.  The exception to this are probably pharmaceuticals and some 

implantable medical devices [Rickne, 2002 #473].  Firestone [, 1971 #12: 102-103] 

found that for patents granted in Canada in 1963, of patents which were commercialised 

63% were put to “economic use” before the patent was granted and another 26% were 

put to use in the year the patent was granted.  So by the time a patent is granted 89% of 

patents which are going to be commercialised, have been commercialised. 

 

                                                 
36 See http://www.european-patent-office.org/tws/tsr_2001/ch4/4.4.php [4 December 2003] 



 

 

166

Another point that supports the notion that these patents are not going to be 

commercialised is that 62% (20/32) of these inventors when surveyed indicated that 

they either had no industry partner, were seeking one, or they had lost one (see Table 

10.47 below).  So the majority of these patents do not have the support of an industry 

partner, which is a necessary requirement to develop the technology. 

 

This means that the technology that has been defined as being in the development phase 

is probably unlikely to be developed.  This impression is further ingrained from reading 

between the lines of surveys and from interviews with inventors.  Some inventors would 

say that their technology is still being developed even though nothing had been done 

since patenting the technology, for example, because they were too busy.   

 

Table  10.45: How far down the path of manufacture is your invention and where 

is it being developed or manufactured? (Q18&22) 

 Site of manufacture and 
development 

 

Commercial outcome Australia Overseas Both Total % of 177 
Technological innovation 38 25 26 89 50% 
Invention in development 
phase 

18 5 9 32 18% 

Unlikely to be developed 52 29% 
Don’t know 4 2% 
Total 56 30 35 177 100% 
 

 

Of the 121 patents which are either being marketed or developed 46% is in Australia, 

25% overseas and 29% both in Australia and overseas (Table 10.45).   

 

 

Table  10.46: Commercial outcome of patent and country of manufacture 

 Site of manufacture 
Commercial outcome Australi

a 
Oversea

s
Both Otherb Total

Technological 
innovation* 

39 26 19 5 89

Rest# 4 11 3 70 88
Totala 43 37 22 75 177
 
* these numbers are used in Figure 10.15 
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# this category includes patents classified as “invention in development phase”  or “unlikely to be 
developed” or “don’t know” as per Table 10.45 

a Totals match figures from Table 10.34 
b Inventor either did not know or did not answer the question 
 

The numbers in Table 10.46 differ with Table 10.45 because the latter is looking at the 

site of development and manufacture – and Table 10.46 focuses solely on the site of 

manufacture.   

 

Of the 58% (102/177) patents manufactured, 10% (18/177) despite being manufactured 

do not end up being marketed as a product or service.  These are probably initial 

production runs.  Overall 37% (65/177) of medical patents in the US of Australian 

inventors end up being manufactured in Australia and of these 33% (58/177) end up 

being marketed as a product or service or improved production process.   

 

Of the 50% (89/177) that became technological innovations, 42% (74/177) were still 

being manufactured at the time of the survey and 8% (15/177) have ceased being 

manufactured. 

 

Table  10.47: Status of industry partner and commercial outcome (Q18&22&25) 

Commercial outcome 
Technologica

l innovation
Under 

development
Unlikely to be 

developed 
Don’

t 
kno

w

Total

Industry partner 73 12 12 3 100
Industry partner but seeking 
another 

4 6 1 - 11

Lost industry partner & seeking 
another 

- 2 - - 2

Lost industry partner 7 1 14 - 22
Seeking industry partner 2 8 7 - 17
No industry partner - 1 4 - 5
No answer provided 3 2 14 - 19
Don’t know - - - 1 1
Total 89 32 52 4 177
 

 

Overall 76% (135/177) of patents involve an industry partner at some stage.  The 

patents, which result in a marketed product or service, overwhelmingly (94% = 84/89) 

incorporate an industry partner with 4% seeking another and 8% having lost their 
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industry partner (Table 10.47).  However, of the technology under development almost 

two thirds (20/32) have either no or lost or are seeking an industry partner.  This again 

suggests that their prospects for commercialisation are fairly poor. 

 

The final commercial outcome of the survey is that 50% of patents result in a 

technological innovation (Figure 10.15).  Examining the outcome of technological 

innovations as a proportion of all patents, 22% are solely manufactured in Australia, 

15% are solely manufactured overseas, 11% are manufactured both in Australia and 

overseas (and for 3% this was not indicated).  The median duration of manufacture is 

more than 4 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  10.15: Commercial outcome and site of manufacture of Australian medical 

technology patented in the US in 1984-1994 and surveyed in 1997-1999 
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10.11 CH5.4.7:  CLASSIFYING TECHNOLOGICAL INNOVATIONS & 

INDUSTRY PARTNER INVOLVEMENT 

 

While undertaking the descriptive analysis above, it became apparent that there are a 

number of internal inconsistencies in the responses that inventors gave to different 

questions on the same topic (Table 10.48).  These mainly pertain to the commercial 

outcome of the patent and the involvement of an industry partner in the 

commercialisation process.  

 

Table  10.48: Internal inconsistencies in responses to survey Questions 18, 21, 22, 

25, 31 and 33 

Topics with an internal inconsistency in response to questions Number % of 177
1. Commercial outcome of patent (technological innovations)  

Q18 “Invention led to marketed product” or “Patent is the basis of a 
new service” or “Patent was for an improved production 
process” * 89 50%

Q22 “Being manufactured” or “ceased manufacturing” a 95 54%
  
2. The involvement of an industry partner  

Q18 Industrial company or industry partner:  
- total industry partner involvement* 91 51%

Q25 What is the current corporate status of your industry partner?b  
- surveys indicating an industry partner at the time of the 

survey 118 67%
Q31 For how many years has your invention been manufactured?c  

- surveys indicating a duration of manufacture 93 53%
Q33 In which country is your invention being manufactured?d  

- surveys indicating a country of manufacture 102 58%
 
For details see the following tables * Table 10.20, a Table 10.24, b Table 10.27,  c Table 10.31,  d Table 

10.33 
 

These two inconsistencies are considered crucial for the bivariate and multivariable 

analyses that follow, and hence, all 40% (71/177) of questionnaires involving a possible 

conflicting result were reviewed.  The review specifically focused on: 

- whether the patent resulted in a marketed product or service, or a new or 

improved production process; and  



 

 

170

- whether an industry partner had been involved at any time during the 

commercialisation process.   

 

The answer to these questions was usually found in Questions 18, 22, 23, 25 to 34 and 

occasionally in the open ended questions at the back of the survey form.  Only 4 

surveyed inventors did not know the commercial outcome of their patent. 

 

10.11.1 Identifying technological innovations (Q18 versus Q22) 

In order to identify the determinants of innovation for patented technology it was 

important to ensure that the commercial outcome was classified as accurately as 

possible.  The patents deemed to have become a technological innovation is where the 

inventor states that: 

- the invention led to a marketed product (Q18-k); 

- the patent is a basis of a new service (Q18-l); 

- patent was for an improved production process (Q18-n); 

- the invention is being manufactured or ceased manufacturing (Q22-h); 

- the invention has been manufactured for >1 year (Q31); or 

- the sales in the previous financial year have been AUD$1-50,000 or more (Q32). 

 

Where there was any apparent conflict between the aforementioned variables or 

between them and Questions 25 to 28, the questionnaires was re-examined.  As a 

consequence of this review, the proportion of patents deemed to have become 

technological innovations unexpectedly remained at 50% (89/177) (Table 10.49). 

 

Moreover, 4 of the 177 surveys are excluded from bivariate and multivariable analyses 

as it cannot be determined from the questionnaire whether the patent led to an 

innovation or not.   

 

 

 

 

 



 

 

171

Table  10.49: Reclassification table identifying patents defined as technological 

innovations after reviewing 40% of original questionnaires 

Initial classification of outcome Final classification  
Question 18 Question 22 Technological innovation* Othera Total % of 177
Technological 
innovation 

Being 
manufactured 

65 2 67 38%

 Ceased 
manufacture 

12 - 12 7%

 Other# 4 6 10 6%
Other Being 

manufactured# 
7 3 10 6%

 Ceased 
manufacture# 

1 5 6 3%

 Other - 72 72 41%
Total 89 88 177 100%
 
* patents defined as a technological innovation or “successfully commercialised” after reviewing 40% 

(71/177) of original questionnaires with figures in bold indicating patents that were reclassified due to this 
review (8 patents were found not to be innovations i.e. not put to use and 8 were re-categorised as 
having resulted in a product or service or production process) 

# possible conflict between Questions 18 and 22 in 15% (26/177) of surveys which partly led to the review 
a defined as non-commercialised patents (non-innovations) except for 4 with unknown commercial 

outcomes 
 

Upon review of questionnaires with an apparent internal conflict usually between 

Questions 18 and 22 (Table 10.49): 

- 8 patents which were initially classified as a marketed product or service or an 

improved production process were re-classified as not fully commercialised 

usually because these products were made and tested but did not end up being 

marketed or used in a production process; and 

- 8 additional patents which were found to have been fully commercialised 

because they were found to have been manufactured or generated sales. 

 

10.11.2 Involvement of industry partner (Q18 versus Q25) 

The term “industry partner” has many meanings depending on where the inventor is 

situated, and thus, can lead to misunderstandings and inconsistent responses.  For 

example, industry partner could mean the company employing the inventor, an outside 

company licensed by a university-based inventor to develop the technology, or a start-

up company created by inventors or venture capitalists to commercialise the patent.   
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Table  10.50: Reclassification table identifying patents defined as having a current 

industry partner after reviewing original questionnaire 

Initial classification of industry partner Final classification  
Question 18* Question 25# Industry partner Other Total % of 177 
Industry partner Industry partner 58 - 58 33% 
 Othera 1 2 3 2% 
Other Industry partnera 49 14 63 36% 
 Other 3b 50 53 30% 
Total 111 66 177 100% 
 
* Industry partner currently involved i.e. answered yes to “industry partner already found” (Question 18h) or 

“industry partner is your employer” (Question 18j) 
# the question is What is the current corporate status of your industry partner? 
a possible conflict between Questions 18 and 25 - so 37% (66/177) of questionnaires were reviewed as a 

consequence 
b these were detected during the overall review of questionnaires 
 

After reviewing the 40% of questionnaires it appears that 63% (111/177) of patents 

involve an industry partner at the time of the survey (Table 10.50).  Questionnaires 

indicate that 76% (135/177) of patents concern an industry partner at some stage during 

the commercialisation process. 
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10.12 CH5.5:  EXAMINING FOR A RESPONSE BIAS IN THE SURVEY OF 

MEDICAL INVENTORS 

 

An important issue in terms of the validity of this survey, especially its external validity 

to all Australian medical inventors on US patents, is whether there is a response bias 

suggesting that a non-representative sample of inventors was surveyed.  In order to 

paint a clearer picture of the potential response bias in this survey two comparisons are 

undertaken.  First, the characteristics of patents is contrasted between the 174 inventors 

who were surveyed and the 225 who were not part of the survey.  Second, of the 174 

surveyed inventors, the 137 mail-out respondents, inventors who replied to the mail-out 

survey, are put side by side with the so-called 40 phone respondents who agreed to be 

surveyed (by phone or questionnaire) after contact by phone.  The second comparison 

will not only focus on patent characteristics but will range through all the variables in 

the survey starting with the inventors and their background through to their opinions on 

the commercialisation process.   

 

For the sake of simplicity and ease of being able to read through all the information 

below - all tables have the same layout and footnotes, and are followed by a description 

of relevant results and a discussion as to their meaning, especially in terms of a possible 

response bias.  This discussion is included for ease of understanding so that the reader 

would not have to refer back from a discussion section at the end of this section or that 

of Chapter 5.  The category “no answer provided” will sometimes include responses 

where the inventor stated “don’t know”.   
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10.12.1 Comparing patents of respondents and non-respondents 

 

When comparing the characteristics of patents of inventors who were surveyed in the 

study with those not surveyed, generally there is no statistically significant difference 

between them (Table 10.51, below).  The only statistically detectable bias is that the 

patents represented in this survey: 

- list fewer co-inventors as overseas residents (12% to 19%); 

- list fewer assignees from overseas (18% to 27%); and 

- are more likely to be unassigned (28% to 21%). 

 

The response of inventors to the survey is partly dependent on finding their contact 

details either on the patent itself or from publicly available data such as the telephone 

directory, the internet, and the Medical directory of Australia [, 1996 #332].  

Unassigned patents are more likely to list an address for the inventor (though this was 

not quantified) and thus, individual inventors have a small over-representation in the 

survey.   

 

In summary, this survey under-represents the experience of Australian inventors 

working overseas and has a slight raised proportion of individual inventors.  Otherwise 

it would be fair to surmise, based on the characteristics of patents, that this survey is 

fairly representative of all US patents classified as medical and listing Australian 

inventors.   
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Table  10.51: Comparing patents of respondents and non-respondents 
 Surveyed 

(n=177)
Not surveyed 

(n=225) 
 

p value
1.  Inventors  
Median No. of inventors per patent 2 2 p=0.142*
Patents listing inventors from overseas 21 (12%) 80 (19%) p=0.037a

2.  Assignees  
Median No. of assignees per patent 1 1 p=0.126*
Assigning of patents:  p=0.048#,b

- unassigned 49 (28%) 88 (21%) 
- Australian assignees 96 (54%) 220 (52%) 
- Australian & overseas assignees 1   (1%) 3   (1%) 
- overseas assignees 31 (18%) 114 (27%) 

Categorising first assignee of patents:d  p=0.143a,b

- unassigned 49 (28%) 88 (21%) 
- business 69 (39%) 217 (51%) 
- university 25 (14%) 40   (9%) 
- government 10   (6%) 27   (6%) 
- research institute 8   (4%) 15   (4%) 
- CSIRO 7   (4%) 15   (4%) 
- remaining categories 9   (5%) 23   (5%) 

3.  Citations  
Median No. of citations per patent 2 2 p=0.531*
4.  Technology  
Biotechnology patents (%) 33 (19%) 98 (23%) p=0.232a

Clinical application of patented technology:d  p=0.067a,b

- therapeutic device 44 (25%) 71 (17%) 
- drug 33 (19%) 94 (22%) 
- implantable device 27 (15%) 90 (21%) 
- diagnostic device 23 (13%) 49 (12%) 
- diagnostic test 17 (10%) 21   (5%) 
- biotech method/device 9   (5%) 29   (7%) 
- drug delivery device 6   (3%) 18   (4%) 
- other applications 18 (10%) 53 (12%) 

Clinical discipline of application for patented 
technology:d 

 p=0.471#,b

- general (2 or more disciplines) 75 (42%) 177 (42%) 
- cardiology 17 (10%) 58 (14%) 
- orthopaedics 8   (4%) 9   (2%) 
- ear, nose and throat (ENT) surgery 7   (4%) 16   (4%) 
- industry & research 6   (3%) 22   (5%) 
- surgery 6   (3%) 16   (4%) 
- pathology 4   (2%) 16   (4%) 
- other disciplines 54 (30%) 111 (26%) 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d  see Tables 4.15, 4.16 & 4.17 
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10.12.2 Comparing patents and surveys of mail-out and phone respondents 

 

Of the 174 inventors in the survey, an attempt is made to draw a distinction between the 

137 mail-out respondents, inventors who replied to the mail-out survey, with the so-

called 40 phone respondents of whom 82% (33/40) agreed to be interviewed by phone 

and 18% (7/40) completed a questionnaire which was mailed or faxed to them.  As 

mentioned this comparison will range through all the survey variables.  The three main 

reasons for a difference between mail-out and phone respondents could be either: 

- a real disparity between the two groups; or  

- due to dissimilar methods of collecting data – phone interview or survey 

questionnaire; or  

- a variation in the method of identifying the contact details of phone respondents 

as a phone number was required, thus, their details needed to be found on 

publicly accessible websites, especially phone directories. 

 

As depicted in Table 10.52 below, there is no significant difference between mail-out 

and phone respondents in terms of the characteristic of their patents.   
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Table  10.52: Comparing mail-out and phone respondents: characteristics of 
medical patents 
 Mail-out 

respondents 
(n=137)

Phone 
respondents 

(n=40) p value
1.  Inventors  
Median No. of inventors per patent 2 2 p=0.290*
Patents listing inventors from overseas 19   (14%) 2   (5%) p=0.168#

2.  Assignees  
Median No. of assignees per patent 1 1 p=0.295*
Assigning of patents:  p=0.238a,b

- unassigned 35 (26%) 14 (35%) 
- Australian assignees 74 (54%) 22 (55%) 
- overseas +/- Australian assignees 28 (20%) 4 (10%) 

Categorising first assignee of patents:d  p=0.349#,b

- unassigned 35 (26%) 14 (35%) 
- business 53 (39%) 16 (40%) 
- university 23 (17%) 2   (5%) 
- government 9   (7%) 1   (2%) 
- research institute 5   (4%) 3   (8%) 
- technology transfer organization 4   (3%) 1   (2%) 
- remaining categories 8   (6%) 3   (8%) 

3.  Citations  
Median No. of citations per patent 2 2 p=0.602*
4.  Technology  
Biotechnology patents (%) 23 (17%) 10 (25%) p=0.241a

Clinical application of patented 
technology:d 

 p=0.416#,b

- therapeutic device 33 (24%) 11 (28%) 
- drug 28 (20%) 5 (12%) 
- implantable device 22 (16%) 5 (12%) 
- diagnostic device 18 (13%) 5 (12%) 
- diagnostic test 15 (11%) 2   (5%) 
- biotech method/device 6   (4%) 3   (8%) 
- other applications 15 (11%) 9 (22%) 

Clinical discipline of application for 
patented technology:d 

 p=0.085#,b

- general (2 or more disciplines) 58 (42%) 17 (42%) 
- cardiology 13 (10%) 4 (10%) 
- ear, nose and throat (ENT) surgery 6   (4%) 1   (2%) 
- orthopaedics 4   (3%) 4 (10%) 
- industry & research 3   (2%) 3   (8%) 
- surgery 3   (2%) 3   (8%) 
- pathology 3   (2%) 1   (2%) 
- anaesthetics 3   (2%) 1   (2%) 
- other disciplines 44 (32%) 6 (15%) 
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* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d  see Tables 4.15, 4.16 & 4.17 
 

Table  10.53: Comparing mail-out and phone respondents: characteristics of 

inventors 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Male:Female (Q4) (%female) 134:3 (2%) 37:3 (8%) p=0.130# 
Current occupation of inventor (Q1) p=0.016#,b 

- research scientists 35 (26%) 4 (10%) p=0.037a 
- clinician 27 (20%) 7 (18%) p=0.755a 
- professor 15 (11%) 14 (35%) p<0.001a 
- company director or manager 19 (14%) 6 (15%) p=0.857a 
- engineer 10   (7%) 4 (10%) p=0.523# 
- R&D director or manager 11   (8%) 1   (2%) p=0.303# 
- other 20 (15%) 4 (10%) p=0.455a 

Area of employment at time of developing 
intellectual property (Q3) 

p=0.619# 

- university 42 (31%) 12 (30%)  
- industry 40 (29%) 7 (18%)  
- hospital 14 (10%) 4 (10%)  
- private clinical practice 10   (7%) 4 (10%)  
- CSIRO 8   (6%) 4 (10%)  
- research institution (?institute) 7   (5%) 4 (10%)  
- other 16 (12%) 5 (12%)  

Highest educational qualification (Q5) p=0.834#,b 
- doctorate 71 (52%) 23 (58%)  
- masters degree 15 (11%) 2   (5%)  
- postgraduate diploma 12   (9%) 2   (5%)  
- bachelors degree 19 (14%) 7 (18%)  
- graduate diploma 6   (4%) 1   (2%)  
- other 14 (10%) 5 (12%)  

Background (Q6-7) p=0.253#,b 
- science 66 (48%) 12 (30%)  
- medicine 32 (23%) 13 (32%)  
- engineering 20 (15%) 7 (18%)  
- other tertiary qualification 5   (4%) 3   (8%)  
- no tertiary qualification 14 (10%) 5 (12%)  

Patient care responsibilities (Q8) 34 (25%) 12 (30%) p=0.511a 
Previous involvement with business related to 
patent (Q9) 

45 (33%) 6 (15%) p=0.028a 

Median no. of provisional patents authored 
(Q12) 

3 2 p=0.904* 

Median no. of granted patents authored (Q12) 2 2 p=0.826* 
 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
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c subcategories are not mutually exclusive 
 

 

Overall the characteristics of responding and non-responding inventors is very similar.  

This includes their current occupation except that there were more research scientists 

amongst the mail-out respondents and more professors in the phone respondents.  

However, when adding professors to research scientists provides a total of 37% for 

mail-out respondents and 45% for phone respondents.  As seen in Table 10.53, these 

inventors overwhelmingly worked for research organisations such as universities and 

CSIRO.  Given that these proportions are similar for both mail-out and phone 

respondents suggests that in the original questionnaires some of the researchers did not 

indicate that they were professors and stated that they were research scientists instead.   

 

Phone respondents appeared to be half as likely to have been involved with business 

related to the patent (15%) and compared to mail-out respondents (33%).  Otherwise 

both groups of inventors had equal gender ratios, came from a similar area of 

employment at the time of developing the intellectual property, educational attainment 

and background, had similar proportion of inventors with patient care responsibilities 

and had authored equal numbers of provisional and granted patents. 
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Table  10.54: Comparing mail-out and phone respondents: patent and source of 

ideas 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Median no. years between patent & survey 8 8 p=0.152* 
Type of technology (Q11) p=1.000#,b 

- improvement in known technology 38 (28%) 11 (28%)  
- substantial improvement in known 

technology 
37 (27%) 11 (28%)  

- new technology 59 (43%) 18 (45%)  
- no answer provided 3   (2%)  

Patent outcome (Q10)c  
- sold 19 (14%) 6 (15%) p=1.000# 
- licensed 45 (33%) 14 (35%) p=0.911# 
- expired 20 (15%) 7 (18%) p=0.680a 
- modified leading to further patents 18 (13%) 11 (28%) p=0.034a 
- submitted in countries other than 

Australia and the US 
52 (38%) 21 (52%) p=0.115a 

Sources of ideas and information (Q14)c  
- R&D in your workplace 96 (70%) 23 (60%) p=0.238a 
- industry R&D outside your work 25 (18%) 1 (3%) p=0.016a 
- from treating patients 39 (29%) 3 (8%) p=0.008a 
- universities 24 (18%) 11 (29%) p=0.124a 
- professional journals 37 (27%) 17 (45%) p=0.039a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

There was little difference in the type of technology described in the patent and the its 

outcome for mail-out and phone respondents (Table 10.54).  The reason for phone 

respondents having double the proportion of patents which were modified and leading 

to further patents is unclear.  This may relate to the conduct of the interview as a 

number of inventors asked what that question meant.  I replied that “was the technology 

in your patent modified leading to a new round of patenting”.  This may well have been 

left unanswered by mail-out respondents as they were filling in the questionnaire.  The 

reasons being either the question was misunderstood or they had already given an 

answer by saying it had been “submitted in countries other than Australia and the US”. 

 

Question 14 on the sources of ideas and information leading to the patent was a very 

long question with 24 options.  In order to expedite the interview of phone respondents I 

would ask inventors “Which were the important sources of ideas and information in the 
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genesis of your invention described in your patent?” and pause and circle any responses 

given and then I would prompt them with “R&D in your workplace, universities or 

professional journals”.  Not surprisingly, the latter two scored higher for phone 

respondents than mail-out respondents.  I think that any significant differences are due 

to the way the phone respondents were interviewed. 

 

Table  10.55: Comparing mail-out and phone respondents: funding of 

commercialisation 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Research funding (Q15)c  

- NHMRC 16 (12%) 9 (22%) p=0.083a

- postgraduate scholarships 6   (5%) 5 (13%) p=0.127#

- from any research funding body 35 (27%) 13 (34%) p=0.382a

Cost of commercialisation (Q16)d  p=0.795a,b

- < $10,000 9 (7%) 2 (5%) 
- $10,000 < $50,000 31 (23%) 6 (15%) 
- $50,000 < $100,000 9 (7%) 4 (10%) 
- $100,000 < $500,000 29 (21%) 8 (20%) 
- $500,000 < $1 million 15 (11%) 3 (8%) 
- $1-10 million 17 (12%) 6 (15%) 
- $10-49 million 6 (4%) 1 (2%) 
- $50-99 million 1 (1%) 1 (2%) 
- no answer provided 20 (15%) 9 (22%) 

Source of finance (Q17)c  
- personal 41 (32%) 15 (40%) p=0.368a

- organisation where invention arose 30 (24%) 5 (14%) p=0.180a

- employer 33 (26%) 9 (24%) p=0.819a

- industry partner 34 (27%) 20 (54%) p=0.002a

- 150% or 125% R&D tax 
concession 

15 (12%) 5 (14%) p=0.779#

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d in Australian dollars (AUD) 
 

There was no difference between mail-out and phone respondents in the proportion 

receiving research funding, the cost of commercialisation and the sources of finance 

(Table 10.55).  The exception for the latter was that half of the phone respondents 

mentioned the industry partner as the source of their finance whereas only a quarter of 

mail-out respondents did.  Again I think this is a reflection on how Question 17 was 

asked during interviews – as for Question 14 above.  I asked the question then paused 
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and waited for unsolicited responses and verbally highlighted certain points to give an 

idea of what the survey form was asking including “industry partner”. 

 

Table  10.56: Comparing mail-out and phone respondents: outcome of 

commercialisation 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Occurred to invention (Q18)c  

- business plan drafted 43 (32%) 15 (38%) p=0.487# 
- market research undertakend 100 (74%) 23 (58%) p=0.052a 
- financial backing sought 39 (29%) 6 (15%) p=0.081# 
- prototype made or tested or in trial 97 (71%) 34 (85%) p=0.081# 
- industry partner involved at some 

stagef 
66 (48%) 25 (62%) p=0.120# 

- nothing since submitting patent 20 (15%) 3   (8%) p=0.235# 
- resulted in a marketed product or 

serviced 
71 (53%) 18 (47%) p=0.569a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive d after combining responses from Questions 18 and 21, f this 

figure was revised after review of questionnaires patents see Appendix 10.11 
 

Overall this is probably the most significant question, especially the proportion of 

inventions which resulted in a marketed product or service (Table 10.56).  The latter is 

used for all subsequent bivariate and multivariable analysis in this study.  Certainly this 

suggests that in terms of the commercial potential of Australian medical patents in the 

US there is probably little difference between the medical inventors in this survey and 

those which were not involved.   
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Table  10.57: Comparing mail-out and phone respondents: person in charge of 

commercialisation 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Person in charge of commercialising invention 
(Q19) 

 p=0.414#,b

- industry partner 54 (39%) 16 (40%) 
- inventor 28 (20%) 9 (22%) 
- no-one 24 (18%) 7 (18%) 
- other 26 (19%) 4 (10%) 
- no answer provided 5   (4%) 4 (10%) 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
 

There is no difference as to the person in charge of commercialisation between mail-out 

and phone respondents (Table 10.57). 
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Table  10.58: Comparing mail-out and phone respondents: characteristics of 

person in charge of commercialisation 

Person in charge of commercialisation as 
rated by inventor (Q20) 

Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Experience in commercialisation p=0.036a,b 

- good 44 (32%) 7 (18%) p=0.073a 
- average 33 (24%) 5 (12%) p=0.116a 
- poor 22 (16%) 10 (25%) p=0.196a 
- no answer provided 38 (28%) 18 (45%) p=0.039a 

Business experience p=0.012#,b 
- good 46 (34%) 10 (25%) p=0.305a 
- average 39 (28%) 4 (10%) p=0.017a 
- poor 13 (10%) 8 (20%) p=0.093# 
- no answer provided 39 (28%) 18 (45%) p=0.049a 

Understanding of intellectual property p=0.019#,b 
- good 58 (42%) 18 (45%) p=0.765a 
- average 27 (20%) 3   (8%) p=0.070a 
- poor 13 (10%) - p=0.042a 
- no answer provided 39 (28%) 19 (48%) p=0.024a 

Availability p=0.001#,b 
- good 41 (30%) 9 (22%) p=0.359a 
- average 31 (23%) 3   (8%) p=0.033a 
- poor 15 (11%) - p=0.024a 
- no answer provided 50 (36%) 28 (70%) p<0.001a 

Personality p<0.001#,b 
- good 39 (28%) 10 (25%) p=0.666a 
- average 38 (28%) 2   (5%) p=0.002a 
- poor 10   (7%) - p=0.119a 
- no answer provided 50 (36%) 28 (70%) p<0.001a 

Attitude p=0.001#,b 
- good 45 (33%) 9 (22%) p=0.211a 
- average 34 (25%) 3   (8%) p=0.018a 
- poor 10   (7%) - p=0.119a 
- no answer provided 48 (35%) 28 (70%) p<0.001a 

Communication skills p<0.001#.b 
- good 44 (32%) 11 (28%) p=0.579a 
- average 33 (24%) 1   (2%) p=0.002a 
- poor 14 (10%) - p=0.042# 
- no answer provided 46 (34%) 28 (70%) p<0.001a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
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Phone respondents seemed more reluctant to criticise the person in charge of 

commercialising the invention during the phone interview (Table 10.58).  This is shown 

by their tendency either not to answer the question or not to rate the attributes of the 

person in charge of the commercialisation as being “poor”.  The aversion to criticism is 

further supported by equal proportions of commercialisation bosses being rated as being 

“good” between mail-out and phone respondents. 

 

Table  10.59: Comparing mail-out and phone respondents: market research 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Market research (Q21)  

- assessing size of market 82 (74%) 13 (65%) p=0.376a

- examining products of competitors 78 (71%) 7 (35%) p=0.002a

- examining production potential of 
competitors 

36 (33%) 2 (10%) p=0.040a

- survey of potential clients 74 (67%) 9 (45%) p=0.057a

- invention was created in response 
to client needs 

56 (51%) 6 (30%) p=0.085a

- no answer provided 26 (19%) 14 (35%) p=0.033a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

Mail-out respondents were twice as likely to have examined products of competitors 

and three times as likely to have examined their production potential (10.13).  Is this a 

real difference or a reflection that phone respondents were twice as likely not to have 

answered the question again suggesting a measurement error by me during the interview 

rather than a biased response to the mail-out of questionnaires?  Interestingly this result 

echoes what an inventor gave as her reason for not responding to the mail-out survey: “I 

did not want to admit that I hadn’t done the market research”.   
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Table  10.60: Comparing mail-out and phone respondents: industry partner 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Status of industry partner (Q18,22&25)d p=0.999# 

- industry partner 77 (56%) 23 (58%)  
- industry partner but another being 

sought 
9   (7%) 2   (5%)  

- lost industry partnere 19 (14%) 5 (12%)  
- seeking industry partner 13 (10%) 4 (10%)  
- no industry partner 4   (3%) 1   (2%)  
- no answer provided 15 (11%) 5 (12%)  

Corporate status of industry partner (Q25) p<0.001#,b 
- public company 14 (10%) 18 (45%) p<0.001a 
- corporate status not specified 19 (14%) 1   (2%) p=0.049# 
- independent firm 18 (13%) 1   (2%) p=0.078# 
- private firm 11   (8%) 6 (15%) p=0.222# 
- subsidiary or division of a large 

company 
15 (11%) 1   (2%) p=0.125# 

- industry partner – 2 or 3 corporate 
statuses 

12   (9%) 1   (2%) p=0.303# 

- other 4   (3%) 2   (5%) p=0.619# 
- no answer provided 44 (32%) 10 (25%) p=0.390a 

Industry of industry partner (Q26) p=0.551#,b 
- medical technology company 29 (22%) 9 (22%)  
- pharmaceutical company 17 (12%) 3   (8%)  
- biotechnology company 14 (10%) 3   (8%)  
- other industrial corporation ?other 

industry 
7   (5%) 4 (10%)  

- pharmaceutical & biotechnology 
company 

4   (3%) 2   (5%)  

- medical technology & 
biotechnology or pharmaceutical 
company 

2   (2%) 2   (5%)  

- venture capital firm 4   (3%)  
- other 13 (10%) 6   (15%)  
- no answer provided 47 (34%) 11 (28%)  

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d after the reclassification of surveys as outlined in Appendix 

10.11  
 

Generally there was no significant difference between the status of industry partner, 

country of development and industry to which industry partner belongs (Table 10.60).  

The only difference is in terms of corporate status of industry partner.  Phone 

respondents during the interview were asked to be specific about the corporate status of 
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their industry partner so that only one interviewer did not specify it whereas 14% of 

mail-out respondents failed to specify it on the form.  But even if this was taken into 

account, it appears that phone respondents were more likely to have the 

commercialisation process run by a public company.  During the interview I possibly 

classified a “subsidiary or division of a large company” and where the company had “2 

or 3 corporate statuses” as a “public company”.  In other words when adding up the 

number of these groups for mail-out respondents plus where the corporate status is not 

specified that comes to 44% (60/137) which is almost equal to the proportion of public 

companies for phone respondents.  So the difference in corporate status is probably a 

misclassification of responses by me during interviews.   

 

Table  10.61: Comparing mail-out and phone respondents: involvement of 

industry partner 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Involvement of industry partner in 
commercialisation (Q27)c 

 

- source of original idea for patent 5   (4%) 4 (10%) p=0.118#

- employed inventor(s) at the time of 
submitting patent application 

15 (11%) 7 (18%) p=0.282#

- had other links with inventors at the time 
of submitting patent application 

8   (6%) 6 (15%) p=0.090#

- involved with research leading to the 
original patent 

18 (13%) 10 (25%) p=0.071a

- submitting patent application 27 (20%) 14 (35%) p=0.044a

- only involved after patent submitted 31 (23%) 11 (28%) p=0.524a

- constructing prototype 33 (24%) 15 (38%) p=0.093a

- testing prototype 38 (28%) 13 (32%) p=0.558a

- conducting initial market research 34 (25%) 10 (25%) p=0.981a

- drafting the first business or development 
plan 

25 (18%) 10 (25%) p=0.346a

- providing manufacturing facilities 44 (32%) 13 (32%) p=0.964a

- searching for external manufacturing 
facilities 

13 (10%) 5 (12%) p=0.560#

- providing financial support 34 (25%) 16 (40%) p=0.061a

- searching for external financial support 13 (10%) 3   (8%) p=1.000#

- providing own distribution network 31 (23%) 8 (20%) p=0.724a

- searching for distributors 23 (17%) 3   (8%) p=0.144a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
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The involvement of industry partner in the commercialisation process for mail-out and 

phone respondents is virtually the same (Table 10.61).  The exception being that the 

industry partner for phone respondents was 15% more likely to be involved in 

submitting the patent application. 

 

Table  10.62: Comparing mail-out and phone respondents: characteristics of 

industry partner 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Country of industry partner (Q28)c  

- Australia 43 (31%) 14 (35%) p=0.667a 
- Japan 6   (4%) 1   (2%) p=1.000# 
- US 35 (26%) 7 (18%) p=0.293a 
- Germany 5   (4%) 2   (5%) p=0.657# 
- UK 6   (4%) 5 (12%) p=0.128# 
- no answer provided 44 (32%) 10 (25%) p=0.390a 

Industry partner – majority Australian owned 
(Q29) 

34 (25%) 12 (30%) p=0.511a 

Industry partner – Median no. of employees 
(Q30) 

350 210 p=0.837* 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

There was little difference between the two groups in the country of industry partner, 

the proportion with a majority Australian ownership and in the number of employees of 

the industry partner (Table 10.62). 
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Table  10.63: Comparing mail-out and phone respondents: manufacture and sales 

of invention 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Years invention manufactured (Q31)  p=0.884#,b

- < 1 year 9   (7%) 3   (8%) 
- 1-4 years 20 (15%) 5 (12%) 
- > 4 years 45 (33%) 11 (28%) 
- no answer provided 63 (46%) 21 (52%) 

    

Sales in previous financial year (Q32)d  p=0.758#,b

- $0 18 (13%) 6 (15%) 
- $1 - 50,000 18 (13%) 4 (10%) 
- $50,000 < 100,000 4   (3%) 1   (2%) 
- $100,000 < 1million 9   (7%) 1   (2%) 
- $1 - 3million 6   (4%) 1   (2%) 
- $4 - 10million 6   (4%) 2   (5%) 
- > $10million 8   (6%) - 
- no answer provided 68 (50%) 25 (62%) 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d in Australian dollars (AUD) 
 

The two groups were evenly matched in terms of the sales in the previous financial year 

and in the duration of manufacture (Table 10.63). 
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Table  10.64: Comparing mail-out and phone respondents: country of 

manufacture 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Country of manufacture (Q33) p=0.842#,b 

- Australia 35 (26%) 8 (20%)  
- Australia & overseas 16 (12%) 6 (15%)  
- Overseas 29 (21%) 8 (20%)  
- no answer provided 57 (42%) 18 (45%)  

Factors influencing location of manufacture 
(Q34)c 

 

- site of industry partner’s 
manufacturing facilities 

44 (32%) 16 (40%) p=0.354a 

- production capability 15 (11%) 1   (2%) p=0.125# 
- lack of support from Australian 

industry 
13 (10%) 2   (5%) p=0.526# 

- lack of support from Australian 
governments 

12   (9%) 1   (2%) p=0.303# 

- location of manufacturing company 11   (8%) 2   (5%) p=0.735# 
- access to technology 8   (6%) 5 (12%) p=0.173# 
- no suitable manufacturing facility 

found in Australia 
8   (6%) 3   (8%) p=0.713# 

- closeness to customers 9   (7%) 2   (5%) p=1.000# 
- availability of good staff 6   (4%) 3   (8%) p=0.424# 
- access to suppliers 6   (4%) 1   (2%) p=1.000# 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

Again responder and non-responder are the same in the country of manufacture and the 

factors that influenced the location of manufacture (Table 10.64). 
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Table  10.65: Comparing mail-out and phone respondents: opinion of inventors 

on aspects of the commercialisation process (Q35) 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value
Information on markets  p=0.011a,b

- good 44 (32%) 7 (18%) p=0.073#

- poor 34 (25%) 5 (12%) p=0.098a

- not an issue 29 (21%) 18 (45%) p=0.003a

- no answer provided 30 (22%) 10 (25%) p=0.680a

Access to markets overseas  p=0.021a,b

- good 38 (28%) 6 (15%) p=0.101a

- poor 41 (30%) 7 (18%) p=0.120a

- not an issue 26 (19%) 16 (40%) p=0.006a

- no answer provided 32 (23%) 11 (28%) p=0.591a

Access to finance in Australia  p=0.170#,b

- good 7   (5%) 2   (5%) 
- poor 73 (53%) 15 (38%) 
- not an issue 24 (18%) 13 (32%) 
- no answer provided 33 (24%) 10 (25%) 

Access to finance overseas  p=0.002a,b

- good 20 (15%) 4 (10%) p=0.455a

- poor 40 (29%) 2   (5%) p=0.002a

- not an issue 40 (29%) 23 (58%) p=0.001a

- no answer provided 37 (27%) 11 (28%) p=0.951a

Size of Australian market  p=0.762#,b

- good 31 (23%) 9 (22%) 
- poor 58 (42%) 18 (45%) 
- not an issue 19 (14%) 3   (8%) 
- no answer provided 29 (21%) 10 (25%) 

Size of overseas market  p=0.777#,b

- good 86 (63%) 24 (60%) 
- poor 9   (7%) 4 (10%) 
- not an issue 11   (8%) 2   (5%) 
- no answer provided 31 (23%) 10 (25%) 

Size of Australian industry in field of 
invented technology 

 p=0.636#,b

- good 18 (13%) 3   (8%) 
- poor 63 (46%) 23 (58%) 
- not an issue 26 (19%) 6 (15%) 
- no answer provided 30 (22%) 8 (22%) 

Expertise in Australian industry to 
understand invention 

 p=0.839a,b

- good 36 (26%) 13 (32%) 
- poor 54 (39%) 13 (32%) 
- not an issue 21 (15%) 6 (15%) 
- no answer provided 26 (19%) 8 (20%) 

Expertise in Australian finance industry to 
understand invention 

 p=0.001#,b
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- good 6   (4%) 1   (2%) p=1.000# 
- poor 65 (47%) 8 (20%) p=0.002a 
- not an issue 35 (26%) 23 (58%) p<0.001a 
- no answer provided 31 (23%) 8 (20%) p=0.724a 

Interest from industry in Australia p=0.555a,b 
- good 26 (19%) 5 (12%)  
- poor 61 (44%) 17 (42%)  
- not an issue 25 (18%) 11 (28%)  
- no answer provided 25 (18%) 7 (18%)  

Interest from industry overseas p=0.257a,b 
- good 64 (47%) 19 (48%)  
- poor 24 (18%) 3   (8%)  
- not an issue 20 (15%) 10 (25%)  
- no answer provided 29 (21%) 8 (20%)  

Trust of industry partner p=0.766a,b 
- good 44 (32%) 15 (38%)  
- poor 17 (12%) 6 (15%)  
- not an issue 34 (25%) 10 (25%)  
- no answer provided 42 (31%) 9 (22%)  

Acceptance by customers or patients p=0.404#,b 
- good 70 (51%) 20 (50%)  
- poor 5   (4%) -  
- not an issue 24 (18%) 11 (28%)  
- no answer provided 38 (28%) 9 (22%)  

Demand from customers p=0.125#,b 

- good 55 (40%) 14 (35%)  
- poor 18 (13%) 2   (5%)  
- not an issue 25 (18%) 14 (35%)  
- no answer provided 39 (28%) 10 (25%)  

Quality of distributors p=0.031a,b 

- good 31 (23%) 9 (22%) p=0.986a 
- poor 22 (16%) 1   (2%) p=0.025a 
- not an issue 40 (29%) 20 (50%) p=0.014a 
- no answer provided 44 (32%) 10 (25%) p=0.390a 

Quality of suppliers p=0.004#,b 

- good 30 (22%) 6 (15%) p=0.340a 
- poor 19 (14%) - p=0.013# 
- not an issue 43 (31%) 23 (58%) p=0.003a 
- no answer provided 45 (33%) 11 (28%) p=0.522a 

Regulatory environment p=0.004a,b 

- good 32 (23%) 7 (18%) p=0.432a 
- poor 24 (18%) 1   (2%) p=0.016a 
- not an issue 37 (27%) 22 (55%) p=0.001a 
- no answer provided 44 (32%) 10 (25%) p=0.390a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

The opinions about factors which may influence the commercialisation process differed 

between mail-out and phone respondents (Table 10.65).  Phone respondents during the 

phone interview were more likely to think that something was “not an issue” including: 
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- information on markets; 

- access to markets and finance overseas; 

- expertise in Australian finance industry to understand invention; 

- the quality of distributors and suppliers; and 

- regulatory environment. 

 

The only additional feature was that phone respondents were less likely to be critical 

during the interview and say that the following were “poor”: 

- expertise in Australian finance industry to understand invention;  

- the quality of distributors and suppliers; and 

- regulatory environment. 

 

Overall this is likely to be more of a feature of the difference in the method of collecting 

data rather than reflecting a true difference in opinion.  Because by Question 35, I could 

feel that inventors were becoming edgy and wondering when the interview would be 

over and because it was such a long question, the easiest for the inventors was to say 

that a factor was “not an issue”.  Also while answering this question I did not think it to 

be as important as the open-ended questions about the three factors that facilitated or 

inhibited the commercialisation process. 
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Table  10.66: Comparing mail-out and phone respondents: advisors during 
commercialisation (Q36) 
 Mail-out 

respondents 
(n=137)

Phone 
respondents 

(n=40) p value 
Advisors during commercialisation  

- venture capitalist 18 (13%) 5 (12%) p=0.916# 

- patent attorney 84 (61%) 12 (30%) p<0.001a 

- marketing expert 44 (32%) 7 (18%) p=0.916# 

- licensing officer 10   (7%) - p=0.119# 

- technology transfer officer 15 (11%) 5 (12%) p=0.780# 

- lawyer 27 (20%) 3   (8%) p=0.070a 

- accountant 20 (15%) 5 (12%) p=0.737a 

- friends & relatives 12   (9%) 3   (8%) p=1.000# 

- industry partner 4   (3%) 10 (25%) p<0.001# 

Median no. of advisors 2 1 p=0.031* 
 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

Only a third of phone respondents sought advice from their patent attorney whereas 

almost two thirds of mail-out respondents did (Table 10.66).  In contrast a quarter of 

phone respondents said during the interview they sought advice from their industry 

partner – however this was not a stated option in Question 36 and I prompted them on 

this issue, which probably accounts for the difference.  However phone respondents 

were less likely to seek advice overall.  This fits in with the fact that they also appeared 

to do less market research.  This overall suggests that phone respondents sought less 

advice and did less market research and maybe this was the reason they were less likely 

to respond to the questionnaire. 

 

Table  10.67: Comparing mail-out and phone respondents: government programs 
used in commercialisation 
Government programs used in 
commercialisation (Q37)c,d 

Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Export market development grants scheme 23 (17%) 5 (12%) p=0.513a 

NIES world class manufacturing 5   (4%) 1   (2%) p=1.000# 

Export finance insurance corporation 1   (1%) 2   (5%) p=0.128# 

None of the above 94 (69%) 29 (72%) p=0.639a 

 
* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
 

There was no difference in the use of government programs by either group (Table 

10.67) 
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Table  10.68: Comparing mail-out and phone respondents: opinion of inventors 
on Australian government support 
 Mail-out 

respondents 
(n=137)

Phone 
respondents 

(n=40) p value
Australian government support through: 
(Q38) 

 

a)  provision of funds for developing 
invention 

 p=0.411a,b 

- good 24 (18%) 7 (18%)  

- poor 61 (44%) 13 (32%) 
- not an issue 34 (25%) 15 (38%) 
- no answer provided 18 (13%) 5 (12%) 

b)  using purchasing power to support 
Australian products 

 p=0.239#,b 

- good 5   (4%)  
- poor 48 (35%) 11 (28%) 
- not an issue 58 (42%) 24 (60%) 
- no answer provided 26 (19%) 5 (12%) 

c)  using political networks overseas to 
support Australian products/industry 

 p=0.045#,b 

- good 10   (7%) 1   (2%) p=0.460#

- poor 41 (30%) 6 (15%) p=0.060a

- not an issue 61 (44%) 28 (70%) p=0.005a

- no answer provided 25 (18%) 5 (12%) p=0.394a

d)  Austrade  p=0.177#,b 

- good 17 (12%) 4 (10%)  

- poor 42 (31%) 8 (20%) 
- not an issue 51 (37%) 23 (58%) 
- no answer provided 27 (20%) 5 (12%) 

e)  industry policy  p=0.021#,b 

- good 7   (5%)  p=0.352#

- poor 47 (34%) 10 (25%) p=0.268a

- not an issue 49 (36%) 25 (62%) p=0.003a

- no answer provided 34 (25%) 5 (12%) p=0.129a

f)  vision for industry  p=0.031#,b 

- good 6   (4%)  p=0.339#

- poor 57 (42%) 12 (30%) p=0.185a

- not an issue 44 (32%) 23 (58%) p=0.004#

- no answer provided 30 (22%) 5 (12%) p=0.189a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

In terms of their views on government phone respondents were more likely to state that 

the following were “not an issue” (Table 10.68): 

- using political networks overseas to support Australian products/industry; 
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- industry policy, and vision for industry. 

 

Otherwise they did not differ in their views.  Certainly phone respondents were wanting 

to get the interview over with and would say that to keep their responses simple.   

 

Table  10.69: Comparing mail-out and phone respondents: opinion of inventors 

on Australian industry 

 Mail-out 
respondents 

(n=137)

Phone 
respondents 

(n=40) p value 
Industry in Australia (Q38)  
a)  quality/experience of personnel p=0.309a 

- good 46 (34%) 10 (25%)  

- poor 46 (34%) 12 (30%)  
- not an issue 18 (13%) 10 (25%)  
- no answer provided 27 (20%) 8 (20%)  

b)  cost of labour p=0.016a,b 

- good 30 (22%) 2   (5%) p=0.015a 
- poor 35 (26%) 9 (22%) p=0.695a 
- not an issue 42 (31%) 22 (55%) p=0.005a 
- no answer provided 30 (22%) 7 (18%) p=0.547a 

c)  production facilities p=0.032a,b 

- good 50 (36%) 8 (20%) p=0.051a 
- poor 36 (26%) 12 (30%) p=0.641a 
- not an issue 22 (16%) 14 (35%) p=0.009a 
- no answer provided 29 (21%) 6 (15%) p=0.389a 

d)  industrial R&D facilities p=0.137a,b 

- good 33 (24%) 6 (15%)  

- poor 38 (28%) 11 (28%)  
- not an issue 31 (23%) 16 (40%)  
- no answer provided 35 (26%) 7 (18%)  

e)  tax on start-up companies during non-
profit phase 

p=0.244#,b 

- good 12   (9%) 2   (5%)  

- poor 34 (25%) 7 (18%)  
- not an issue 53 (39%) 23 (58%)  
- no answer provided 38 (28%) 8 (20%)  

f)  link with universities p=0.717a,b 

- good 42 (31%) 14 (35%)  

- poor 32 (23%) 8 (20%)  
- not an issue 30 (22%) 11 (28%)  
- no answer provided 33 (24%) 7 (18%)  

Total (Grand total = 177) 137 40  
 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
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The two groups of inventors held similar views except that phone respondents again felt 

that the following were “not an issue” (Table 10.69): 

- cost of labour; and 

- production facilities. 

 

The only other difference was that phone respondents were much more likely not to say 

that the cost of labour was good in Australia. 

 

10.12.3 Comparing mail-out and phone respondents - summary 

 

Not only are the characteristics of their patents very similar, but so are the answers to 

survey questions provided by mail-out and phone respondents.  This means that the 

inventor’s personal characteristics and that of their technology and its 

commercialisation are much alike.  The most important similarity is that in both groups 

almost half of patents in were successfully commercialised – 53% for mail-out 

respondents and 47% for phone respondents (Pearson Chi-square, p=0.569).  The reason 

is that this is the main outcome variable used in all subsequent bivariate and 

multivariable analysis.  This is supported by their technology being manufactured for 

the same amount of time and generating the same value of sales. 

 

The main reason for a difference between the two groups is either a response bias, 

availability of a phone number on publicly accessible websites or due to the dissimilar 

method of data collection. 

 

On the whole, phone respondents had less prior business experience, sought less advice 

from their patent attorney but more from their industry partner and did less market 

research and maybe this was the reason they were less likely to respond to the 

questionnaire.  One inventor mentioned that she had not responded to the mail-out 

survey document was because “I did not want to admit that I hadn’t done the market 

research”.   

 

The difference in corporate status of industry partner for mail-out and phone 

respondents is probably as a result that during the phone interview I persuaded all but 



 

 

198

one interviewee to specify the corporate status whereas 14% of mail-out respondents 

failed to answer the question on the returned survey form.   

 

It appears that the feature of questions that are most likely to be different between mail-

out and phone respondents are the questions with many options which were not read out 

individually to save time and expedite the interview.  These questions were Question 14 

with 24 options, Question 17 with 20 options, and Questions 27, 34 and 35 with 17 

options each.  These questions were asked in an open ended manner with a few prompts 

to make suggestions but not every options was gone through.  I used virtually the same 

prompts in each interview, and thus, these responses are the ones that generally became 

significant in the bivariate analysis.  So for these questions the manner of the interview 

is more likely to be responsible for the difference in response rather than a reflection of 

a true difference between mail-out and phone respondents.  Differences in responses to 

questions late in the survey may also reflect that inventors, many of whom were busy 

people, were getting restless, and thus, indicated that factors were “not an issue”. 

 

Given that there were only 40 non-respondents (phone respondents) surveyed this may 

mean that the sample is not large enough to bring out other differences.   

 

Generally the mail-out and phone respondents and their patented technology and its 

outcomes seem very similar.  There are some differences between mail-out and phone 

respondents but probably mainly due to differences in the method of collecting data 

leading to a differential recall.  This occurred due to prompting by the interviewer 

especially in questions with a large number of options during phone interviews of phone 

respondents.  These differences are not such that the data from the two groups cannot be 

combined to compare patents which have and have not been commercialised. 
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10.13 CH5.6:  RESULTS – BIVARIATE ANALYSIS IDENTIFYING THE 

DETERMINANTS OF INNOVATION  

 

The purpose of this section is to identify any significant differences between patents 

which have become technological innovations with those that have not.  The aim is also 

to determine which factors, early in the commercialisation process, best predict whether 

a patent has the potential to become an innovation.  There are 4 patents for which the 

commercial outcome was not known by the inventors, and thus, were excluded from the 

analysis in this section.  The total number of analysed patents is 173, of which 89 

became technological innovations.  The 84 that did not become innovations have been 

labelled “non-innovations”. 



 

 

200

Table  10.70: Characteristics of medical patents as determinants of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

1.  Inventors   
Median No. of inventors per patent 1 2 p=0.096* 
Patents listing inventors from overseas 7   (8%) 12 (14%) p=0.177a 
2.  Assignees   
Median No. of assignees per patent 1 1 p=0.438* 
Assigning of patents:  p=0.637a,b 

- unassigned 28 (32%) 21 (25%)  
- Australian assignees 47 (53%) 48 (57%)  
- overseas +/- Australian assignees 14 (16%) 15 (18%)  

Categorising first assignee of patents:d  p=0.349a,b 
- unassigned 28 (32%) 21 (25%)  
- business 39 (44%) 27 (32%)  
- university 10 (11%) 15 (18%)  
- government 4   (4%) 6   (7%)  
- research institute 2   (2%) 5   (6%)  
- technology transfer organization 2   (2%) 3   (4%)  
- remaining categories 4   (4%) 7   (8%)  

3.  Citations   
Median No. of citations per patent 0 3 p=0.046* 
4.  Technology   
Biotechnology patents (%) 13 (15%) 19 (23%) p=0.175a 
Clinical application of patented 
technology:d 

 p=0.208#,b 

- therapeutic device 28 (32%) 16 (19%)  
- drug 13 (15%) 20 (24%)  
- implantable device 15 (17%) 11 (13%)  
- diagnostic device 10 (11%) 12 (14%)  
- diagnostic test 11 (12%) 6   (7%)  
- biotech method/device 3   (3%) 5   (6%)  
- other applications 9 (10%) 14 (17%)  

Clinical discipline of application for 
patented technology:d 

 p=0.790#,b 

- general (2 or more disciplines) 36 (40%) 38 (45%)  
- cardiology 8   (9%) 8 (10%)  
- ear, nose and throat (ENT) surgery 5   (6%) 2   (2%)  
- orthopaedics 5   (6%) 3   (4%)  
- industry & research 3   (3%) 2   (2%)  
- surgery 4   (4%) 1   (1%)  
- pathology 3   (3%) 1   (1%)  
- anaesthetics 2   (2%) 2   (2%)  
- other disciplines 23 (26%) 27 (32%)  

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d  see Table 4.17 (Chapter 4) 
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There does not appear to be any significant difference in the characteristics of patents 

for technology that is successfully or unsuccessfully commercialised (Table 10.70).  

Assigned patents, in particular, were expected to have a higher likelihood of becoming 

innovations as they ostensibly have the support of an organisation behind them.  

However, the finding that assigned and unassigned patents are equally successful is in 

keeping with the findings of Firestone’s [, 1971 #12] study of Canadian patents (Section 

2.9.2). 

 

There is one exception - though this finding is as unexpected as it is counter intuitive.  

Why should the median number of scientific citations be zero for patents that become 

innovations as against 3 for patents that are not commercialised?  This may be a 

reflection of the fact that universities and other public research institutions are less 

likely to have their patents commercialised (Table 10.71) and would be expected to cite 

the scientific literature in their patents (though this latter point has not been validated in 

this thesis).   
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Table  10.71: Characteristics of inventors as determinants of innovation  

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Male:Female (Q4) (%female) 84:5 (6%) 83:1 (1%) p=0.212# 
Current occupation of inventor (Q1) p=0.003#,b 

- research scientists 12 (14%) 26 (31%) p=0.006a 
- clinician 19 (21%) 14 (17%) p=0.433a 
- professor 11 (12%) 18 (21%) p=0.110a 
- company director or manager 18 (20%) 7   (8%) p=0.026a 
- engineer 5   (6%) 8 (10%) p=0.330a 
- R&D director or manager 10 (11%) 2   (2%) p=0.022a 
- other 14 (16%) 9 (11%) p=0.331a 

Area of employment at time of developing 
intellectual property (Q3)d 

p=0.007#,b 

- university 25 (28%) 29 (34%) p=0.361a 
- industry 32 (36%) 15 (18%) p=0.007a 
- hospital 12 (14%) 6   (7%) p=0.172a 
- private clinical practice 8   (9%) 6   (7%) p=0.656a 
- CSIRO 5   (6%) 7   (8%) p=0.482a 
- research institutes 1   (1%) 9 (11%) p=0.008# 
- other 6   (7%) 12 (14%) p=0.104a 

Highest educational qualification (Q5): p=0.122#,b 
- doctorate 39 (44%) 53 (63%)  
- masters degree 11 (12%) 6   (7%)  
- postgraduate diploma 9 (10%) 5   (6%)  
- bachelors degree 14 (16%) 11 (13%)  
- graduate diploma 3   (3%) 4   (5%)  
- no tertiary qualification 13 (15%) 5   (6%)  

Background (Q6&7) p=0.389#,b 
- science 37 (42%) 41 (49%)  
- medicine 21 (24%) 22 (26%)  
- engineering 13 (15%) 13 (16%)  
- other tertiary qualification 5   (6%) 3   (4%)  
- no tertiary qualification 13 (15%) 5   (6%)  

Patient care responsibilities (Q8) 23 (26%) 21 (25%) p=0.899a 
Previous involvement with business related 
to patent (Q9) 

28 (32%) 21 (25%) p=0.346a 

Median no. of provisional patents authored 
(Q11) 

3 2 p=0.021* 

Median no. of granted patents authored 
(Q11) 

2 2 p=0.060* 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d taken as the source of invention (see Table 10.9) 
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Patents are more likely to become innovations if the inventor is working in a senior 

industry post or if the invention originated from industry (Table 10.71).  On the other 

hand, success is much less likely if the inventor was a research scientist or if the patent 

came from a research institute.  Inventors who have written more provisional patents are 

to be more likely to commercialise their patents.  Interestingly there is no difference 

between inventors who created innovations and those that did not in terms of their 

background, level of education, previous business experience or whether they have 

clinical responsibilities or not, or the number of patents they have authored.  The only 

additional positive finding is inventors that had drafted more provisional patents were 

more likely to generate an innovation.   

 

Table  10.72: Technology type, patent outcome and source of ideas as 

determinants of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Median no. years between patent & survey 8 7 p=0.115*
Type of technology (Q11)d  p=0.407a,b

- improvement in known technology 24 (28%) 25 (30%) 
- substantial improvement in known 

technology 
20 (23%) 25 (30%) 

- new technology 43 (49%) 33 (40%) 
Patent outcome (Q10)c  

- sold 15 (17%) 8 (10%) p=0.156a

- licensed 44 (50%) 15 (18%) p<0.001a

- expired 12 (14%) 15 (18%) p=0.427a

- modified leading to further patents 23 (26%) 6   (7%) p=0.001a

- submitted in countries other than 
Australia and the US 

45 (51%) 28 (34%) p=0.021a

Sources of ideas and information (Q14)c  
- R&D in your workplace 55 (62%) 61 (74%) p=0.096a

- Industry R&D outside your work 17 (19%) 8 (10%) p=0.079a

- From treating patients 27 (31%) 15 (18%) p=0.061a

- Universities 15 (17%) 19 (23%) p=0.318a

- professional journals 27 (31%) 24 (29%) p=0.841a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d new technology was an attempt to measure “radical“ 

improvement in technology [OECD, 1992 #259: 24] 
 

The likelihood of a patent becoming an innovation does not appear to be dependent on 

the type of technology encompassed in the patent (Table 10.72).  Neither does it depend 

on whether it was an improvement in known technology or new technology.  Licensed 
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patents are three times more likely to become innovations.  This is understandable as 

someone interested in taking out a license, the licensee must have observed fairly strong 

commercial potential in the patent before paying the license fee.  Also patented 

technology which leads to international extension of protection and to further patents 

must have shown some commercial promise to warrant the additional development, 

thus, is more likely to end up becoming an innovation.   

 

The source of ideas and information does not influence whether a patent becomes an 

innovation or not.   

 

Table  10.73: Funding of commercialisation as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Research funding (Q15)c  
- NHMRC 9 (11%) 16 (20%) p=0.098a 
- postgraduate scholarships 2   (2%) 9 (11%) p=0.023a 
- from any research funding body 18 (21%) 29 (36%) p=0.036a 

Cost of commercialisation (Q16)d p=0.092#,b 
- < $10,000 3   (4%) 8 (12%)  
- $10,000 < $50,000 15 (19%) 21 (31%)  
- $50,000 < $100,000 7   (9%) 6   (9%)  
- $100,000 < $500,000 21 (26%) 16 (24%)  
- $500,000 < $1 million 12 (15%) 6   (9%)  
- $1-10 million 16 (20%) 7 (10%)  
- $10-49 million 5   (6%) 2   (3%)  
- $50-99 million 1   (1%) 1   (2%)  
- no answer provided 9 (10%) 17 (20%)  

Source of finance (Q17)c  
- personal 36 (42%) 19 (26%) p=0.027a 
- organisation where invention arose 15 (18%) 20 (27%) p=0.154a 
- employer 18 (21%) 22 (30%) p=0.215a 
- industry partner 28 (33%) 24 (32%) p=0.946a 
- 150% or 125% R&D tax 

concession 
18 (21%) 2   (3%) p<0.001a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d in Australian dollars (AUD) 
 

That patents arising from research funded by a research funding organisation are less 

likely to become innovations (Table 10.73) fits in with previous findings about research 

scientists, universities and research institutes encountering less success.   
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The cost of commercialisation for successful and unsuccessful patents seems 

unexpectedly similar.  Ten percent of inventors with commercialised patents and 20% 

of those with non-commercialised patents did not answer this question.  Assuming that 

all of these projects cost very little or equalled zero – this would have brought the 

median costs down further for unsuccessful rather than for successful patents.   

 

Another unexpected but interesting fact is that if the inventor has used their own 

finances in the commercialisation process it was almost twice as likely to end up with 

an innovation.  This means that inventors may actually be able to predict to a certain 

extent the likely commercial outcome of their invention, even if it is not consciously 

articulated by them.  Also 21% of patents which result in an innovation used the R&D 

tax concession, whereas as only 3% of patents, which are not innovations, used it.   

 

Table  10.74: Process of commercialisation as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Occurred to invention (Q18)  
- business plan drafted 30 (34%) 28 (33%) p=0.916a

- market research undertakend 67 (76%) 54 (64%) p=0.089a

- financial backing sought 19 (22%) 26 (31%) p=0.163a

- prototype made or tested or in trial 70 (80%) 58 (69%) p=0.115a

- total industry partner involvemente 54 (61%) 35 (42%) p=0.010a

- nothing since submitting patent 23 (27%) p=0.001a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d after combining responses from Questions 18 and 21 as 

described in Section 5.4.7 and Appendix 10.11,  e see Table 10.77 for revised figures 
 

This analysis dashed three of my favourite hypotheses, namely that if a business plan 

was drafted or market research had been undertaken or a prototype had been made or 

tested, then a patent is more likely to become an innovation (Table 10.74).  Rather, none 

of these activities significantly increased the likelihood of generating an innovation.  

According to Question 18 depicted here, only 61% of commercialised patents involve 

an industry partner at some stage.  However, as discussed upon review of 

questionnaires, industry involvement with patents which become innovations is found 

to be 94% (see discussion following Table 10.77).   
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If nothing was done since submitting the patent, not surprisingly, it was not 

commercialised.   
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Table  10.75: Person in charge of commercialisation as a determinant of 

innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Person in charge of commercialising 
invention (Q19) 

 p=0.001a,b

- industry partner 46 (54%) 21 (27%) p<0.001a

- inventor 20 (23%) 17 (22%) p=0.789a

- no-one 9 (10%) 22 (28%) p=0.004a

- other 11 (13%) 19 (24%) p=0.061a

Person in charge of commercialisation 
as rated by inventor (Q20) 

 

Experience in commercialisation  p=0.078a,b

- good 34 (38%) 17 (20%) 
- average 17 (19%) 20 (24%) 
- poor 15 (17%) 17 (20%) 
- no answer provided 23 (26%) 30 (36%) 

Business experience  p=0.373a,b

- good 33 (37%) 23 (27%) 
- average 23 (26%) 19 (23%) 
- poor 9 (10%) 12 (14%) 
- no answer provided 24 (27%) 30 (36%) 

Understanding of intellectual property  p=0.571a,b

- good 43 (48%) 32 (38%) 
- average 14 (16%) 16 (19%) 
- poor 5   (6%) 7   (8%) 
- no answer provided 27 (30%) 29 (34%) 

Availability  p=0.989a,b

- good 26 (29%) 23 (27%) 
- average 17 (19%) 17 (20%) 
- poor 8   (9%) 7   (8%) 
- no answer provided 38 (43%) 37 (44%) 

Personality  p=0.940#,b

- good 26 (29%) 22 (26%) 
- average 21 (24%) 19 (23%) 
- poor 4   (4%) 5   (6%) 
- no answer provided 38 (43%) 38 (45%) 

Attitude  p=0.788#,b

- good 28 (32%) 26 (31%) 
- average 21 (24%) 15 (18%) 
- poor 4   (4%) 5   (6%) 
- no answer provided 36 (40%) 38 (45%) 

Communication skills  p=0.651a,b

- good 31 (35%) 24 (29%) 
- average 14 (16%) 19 (23%) 
- poor 7   (8%) 6   (7%) 
- no answer provided 37 (42%) 35 (42%) 
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* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

If the industry partner is in charge of the commercialisation this technology is twice as 

likely to become an innovation (Table 10.75).  Whereas if the inventor is in charge then 

there is an even chance and if no-one was in charge, as expected, the prospects for 

successful commercialisation are poor.  The attributes of the person in charge of 

commercialising the invention, as rated by the inventor, does not differ between patents 

that became and did not become innovations.   

 

Table  10.76: Market research as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Market research (Q21)c  
- assessing size of market 53 (75%) 40 (70%) p=0.573a 
- examining products of competitors 51 (72%) 32 (56%) p=0.065a 
- examining production potential of 

competitors 
24 (34%) 14 (25%) p=0.255a 

- survey of potential clients 45 (63%) 36 (63%) p=0.979a 
- invention was created in response 

to client needs 
38 (54%) 23 (40%) p=0.138a 

- no answer provided 18 (20%) 22 (26%) p=0.352a 
 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

There does not appear to be a significant difference in the degree of market research 

performed between patents which were and were not commercialised (Table 10.76).  

This goes against my own hypothesis, which is that if the commercialisation process 

involves more planning, drafting of business plans and doing market research, the 

inventors or their industry partner have better evaluated the commercial potential of the 

patent, and hence, are more likely to guide its commercialisation to a successful 

outcome. 
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Table  10.77: Industry partner as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Status of industry partner (Q18,22&25)d  p<0.001#,b

- industry partner 73 (82%) 24 (29%) p<0.001a

- industry partner but another being 
sought 

4   (4%) 7   (8%) p=0.361a

- lost industry partnere 7   (8%) 17 (20%) p=0.019a

- seeking industry partner 2   (2%) 15 (18%) p=0.001a

- no industry partner 5   (6%) p=0.025#

- no answer provided 3   (3%) 16 (19%) p=0.001a

Corporate status of industry partner (Q25)  p<0.001#,b

- public company 16 (18%) 15 (18%) p=0.984a

- corporate status not specified 13 (15%) 5   (6%) p=0.062a

- independent firm 15 (17%) 4   (5%) p=0.011#

- private firm 14 (16%) 3   (4%) p=0.007a

- subsidiary or division of a large 
company 

10 (11%) 6   (7%) p=0.353a

- industry partner – 2 or 3 corporate 
statuses 

8   (9%) 4   (5%) p=0.274a

- other 4   (4%) 2   (2%) p=0.683#

- no answer provided 9 (10%) 45 (54%) p<0.001a

Industry of industry partner (Q26)  p<0.001#,b

- medical technology company 28 (32%) 9 (11%) p=0.001a

- pharmaceutical company 14 (16%) 7   (6%) p=0.077a

- biotechnology company 8   (9%) 9 (11%) p=0.703a

- other industrial corporation ?other 
industry 

7   (8%) 4   (5%) p=0.403a

- pharmaceutical & biotechnology 
company 

1   (1%) 5   (6%) p=0.110#

- medical technology & 
biotechnology or pharmaceutical 
company 

2   (2%)  p=0.498#

- venture capital firm 4   (4%)  p=0.121#

- other 14 (16%) 5   (6%) p=0.051a

- no answer provided 11 (12%) 46 (55%) p<0.001a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d after the reclassification of surveys as seen in Appendix 10.11 
 

 

Ninety four percent (84/89) of patents which are commercialised involve an industry 

partner and most have a current industry partner (87%).  In contrast, only 57% (48/84) 

of non-innovation patents engage an industry partner at some stage (Table 10.77), and 

only one third have a current industry partner and are not looking for another partner.   

 



 

 

210

Independent and private firms, if involved with the commercialisation process, are 

significantly more likely to end up with an innovation.  In contrast, public companies, 

which tend to be the larger ones, and are involved in the commercialisation of the 

greatest number of patents, appear to be less successful.  As one would suspect, small 

companies will only take out a patent with commercial value whereas the larger public 

companies will apply for patents that are not necessarily going to be commercialised in 

order to stake out an area of intellectual property or as a precaution if the technology 

was to take off or to camouflage important patents [Kingston, 2001 #479]. 

 

The other intriguing point is that medical technology companies have a higher 

proportion of patents which are commercialised as against pharmaceutical and 

biotechnology companies.  This may indicate differing patenting strategies between 

these industries or different rates of success in commercialisation. 

 

These findings and the ones to follow in Tables 10.78 suggest that the involvement of 

an industry partner is crucial in generating technological innovations.  Not an 

unexpected finding. 
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Table  10.78: Involvement of industry partner as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Involvement of industry partner in 
commercialisation (Q27)c 

 

- source of original idea for patent 5   (6%) 4   (5%) p=1.000#

- employed inventor(s) at the time of 
submitting patent application 

15 (17%) 5   (6%) p=0.025a

- had other links with inventors at the 
time of submitting patent 
application 

7   (8%) 6   (7%) p=0.857a

- involved with research leading to 
the original patent 

16 (18%) 9 (11%) p=0.174a

- submitting patent application 24 (27%) 14 (17%) p=0.102a

- only involved after patent 
submitted 

27 (30%) 15 (18%) p=0.056a

- constructing prototype 33 (37%) 13 (16%) p=0.001a

- testing prototype 30 (34%) 19 (23%) p=0.106a

- conducting initial market research 30 (34%) 13 (16%) p=0.006a

- drafting the first business or 
development plan 

25 (28%) 10 (12%) p=0.008a

- providing manufacturing facilities 45 (51%) 10 (12%) p<0.001a

- searching for external 
manufacturing facilities 

12 (14%) 6   (7%) p=0.172a

- providing financial support 33 (37%) 16 (19%) p=0.009a

- searching for external financial 
support 

15 (17%) 1   (1%) p<0.001a

- providing own distribution network 38 (43%) 1   (1%) p<0.001a

- searching for distributors 22 (25%) 4   (5%) p<0.001a

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

Only a small proportion of inventors (11%=20/177) were employed by the industry 

partner at the time of submitting the patent but if they were working for the industry 

partner at the time it was three times more likely to generate an innovation (Table 

10.78). 

 

Predictably if the industry partner is still involved further down the path of 

commercialisation, the more likely that the patent was going to become an innovation.  

This applies to constructing a prototype, performing market research, drafting a 

business plan, providing manufacturing and distribution facilities.   
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Table  10.79: Characteristics of industry partner as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Country of industry partner (Q28)c  
- Australia 41 (46%) 14 (17%) p<0.001a 
- Japan 3   (3%) 4   (5%) p=0.714# 
- US 27 (30%) 13 (16%) p=0.020a 
- Germany 6   (7%) 1   (1%) p=0.118# 
- UK 6   (7%) 5   (6%) p=0.832a 
- no answer provided 9 (10%) 45 (54%) p<0.001a 

Industry partner – majority Australian 
owned (Q29) 

37 (42%) 9 (11%) p<0.001a 

Industry partner – Median no. of 
employees (Q30) 

100 1000 p=0.102* 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

 

In terms of country of industry partner and whether they are majority Australian owned 

– the significant differences probably reflects that if an industry partner is involved, it 

does not matter which country they come from, the patent is more likely to end up in the 

market place as a product or service (Table 10.79). 

 

Table  10.80: Manufacture and sales of invention as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Years invention manufactured (Q31) p<0.001a,b 
- < 1 year 5   (6%) 7   (8%)  
- 1-4 years 23 (26%) 2   (2%)  
- > 4 years 55 (62%) 1   (1%)  
- no answer provided 6   (7%) 74 (88%)  

Sales in previous financial year (Q32)d p<0.001#,b 
- $0 12 (14%) 12 (14%)  
- $1 - 50,000 22 (25%)  
- $50,000 < 100,000 5   (6%)  
- $100,000 < 1million 10 (11%)  
- $1 - 3million 7   (8%)  
- $4 - 10million 8   (9%)  
- > $10million 8   (9%)  
- no answer provided 17 (19%) 72 (86%)  

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive, d in Australian dollars (AUD) 



 

 

213

If the invention was being sold or manufactured it has obviously been successfully 

commercialised to an innovation.  The odd finding is that 3 non-innovation patents are 

manufactured for more than one year (Table 10.80).  Their questionnaires were 

carefully reviewed as discussed in Section 5.4.7 (and Appendix 10.11) and found not to 

have resulted in a marketed product or service or a fully commercialised production 

process.  These patents could have been manufactured and used in clinical trials but 

their development may have been terminated before being marketed.  This can occur if 

clinical trials generate negative results or detrimental outcomes for patients. 

 

Table  10.81: Country of manufacture as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Country of manufacture (Q33)  p<0.001a,b

- Australia 39 (44%) 4   (5%) p<0.001a

- Australia & overseas 19 (21%) 2   (2%) p<0.001a

- overseas 26 (29%) 11 (13%) p<0.010a

- no answer provided 5   (6%) 67 (80%) p<0.001a

Factors influencing location of manufacture 
(Q34)c 

 

- site of industry partner’s 
manufacturing facilities 

54 (61%) 5   (6%) p<0.001a

- production capability 13 (15%) 3   (4%) p=0.012a

- lack of support from Australian 
industry 

10 (11%) 5   (6%) p=0.217a

- lack of support from Australian 
governments 

7   (8%) 5   (6%) p=0.621a

- location of manufacturing company 11 (12%) 2   (2%) p=0.013a

- access to technology 10 (11%) 3   (4%) p=0.056a

- no suitable manufacturing facility 
found in Australia 

6   (7%) 5   (6%) p=0.832a

- closeness to customers 8   (9%) 3   (4%) p=0.144a

- availability of good staff 8   (9%) 1   (1%) p=0.035#

- access to suppliers 6   (7%) 1   (1%) p=0.118#

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

As one would expect, that when discussing the location of manufacture that most  

patents that have become innovations, hence few responses are provided by inventors 

with non-innovations (Table 10.81).  Certainly manufacturing is a determinant of 

innovation, as it is part of the definition of an innovation, part of the dependent variable.  

Therefore, this question does not help to discriminate between the two groups.  
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Table  10.82: Opinion of inventors on aspects of the commercialisation process 

as a determinant of innovation (Q35) 

 Innovation 
(n=89) 

Non-innovation 
(n=84) p value 

Information on markets   p=0.058a,b 
- good 28 (32%) 23 (27%)  
- poor 20 (22%) 18 (21%)  
- not an issue 28 (32%) 17 (20%)  
- no answer provided 13 (15%) 26 (31%)  

Access to markets overseas   p=0.006a,b 
- good 27 (30%) 16 (19%) p=0.086a 
- poor 31 (35%) 17 (20%) p=0.032a 
- not an issue 17 (19%) 23 (27%) p=0.197a 
- no answer provided 14 (16%) 28 (33%) p=0.007a 

Access to finance in Australia   p=0.009#,b 
- good 7   (8%) 2   (2%) p=0.105# 
- poor 47 (53%) 40 (48%) p=0.495a 
- not an issue 22 (25%) 13 (16%) p=0.130a 
- no answer provided 13 (15%) 29 (34%) p=0.002a 

Access to finance overseas   p=0.042a,b 
- good 12 (14%) 12 (14%) p=0.879a 
- poor 21 (24%) 20 (24%) p=0.974a 
- not an issue 39 (44%) 22 (26%) p=0.015a 
- no answer provided 17 (19%) 30 (36%) p=0.014a 

Size of Australian market   p=0.003a,b 
- good 18 (20%) 22 (26%) p=0.352a 
- poor 49 (55%) 27 (32%) p=0.002a 
- not an issue 11 (12%) 8 (10%) p=0.551a 
- no answer provided 11 (12%) 27 (32%) p=0.002a 

Size of overseas market   p=0.099a,b 
- good 63 (71%) 46 (55%)  
- poor 7   (8%) 6   (7%)  
- not an issue 5   (6%) 6   (7%)  
- no answer provided 14 (16%) 26 (31%)  

Size of Australian industry in field of invented 
technology 

  p=0.007a,b 

- good 9 (10%) 11 (13%) p=0.540a 
- poor 48 (54%) 38 (45%) p=0.253a 
- not an issue 21 (24%) 9 (11%) p=0.025a 
- no answer provided 11 (12%) 26 (31%) p=0.003a 

Expertise in Australian industry to understand 
invention 

  p=0.014a,b 

- good 27 (30%) 21 (25%) p=0.433a 
- poor 34 (38%) 33 (39%) p=0.884a 
- not an issue 18 (20%) 7   (8%) p=0.026a 
- no answer provided 10 (11%) 23 (27%) p=0.007a 

Expertise in Australian finance industry to 
understand invention 

  p=0.063#,b 

- good 4   (4%) 3   (4%)  
- poor 38 (43%) 33 (39%)  
- not an issue 34 (38%) 22 (26%)  
- no answer provided 13 (15%) 26 (31%)  

Interest from industry in Australia   p=0.001a,b 
- good 17 (19%) 13 (16%) p=0.529a 
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- poor 33 (37%) 44 (52%) p=0.043a 
- not an issue 27 (30%) 7   (8%) p<0.001a 
- no answer provided 12 (14%) 20 (24%) p=0.080a 

Interest from industry overseas   p=0.030a,b 
- good 48 (54%) 33 (39%) p=0.054a 
- poor 10 (11%) 17 (20%) p=0.103a 
- not an issue 18 (20%) 11 (13%) p=0.210a 
- no answer provided 13 (15%) 23 (27%) p=0.039a 

Trust of industry partner   p=0.013a,b 
- good 39 (44%) 18 (21%) p=0.002a 
- poor 11 (12%) 12 (14%) p=0.709a 
- not an issue 20 (22%) 23 (27%) p=0.455a 
- no answer provided 19 (21%) 31 (37%) p=0.024a 

Acceptance by customers or patients   p<0.001#,b 
- good 65 (73%) 24 (29%) p<0.001a 
- poor 3   (3%) 2   (2%) p=0.698a 
- not an issue 7   (8%) 25 (30%) p<0.001a 
- no answer provided 14 (16%) 33 (39%) p<0.001a 

Demand from customers   p<0.001a,b 
- good 54 (61%) 15 (18%) p<0.001a 
- poor 13 (15%) 7   (8%) p=0.197a 
- not an issue 8   (9%) 28 (33%) p<0.001a 
- no answer provided 14 (16%) 34 (40%) p<0.001a 

Quality of distributors   p<0.001a,b 
- good 36 (40%) 4   (5%) p<0.001a 
- poor 16 (18%) 6   (7%) p=0.033a 
- not an issue 21 (24%) 36 (43%) p=0.007a 
- no answer provided 16 (18%) 38 (45%) p<0.001a 

Quality of suppliers   p<0.001a,b 
- good 31 (35%) 4   (5%) p<0.001a 
- poor 11 (12%) 8 (10%) p=0.551a 
- not an issue 28 (32%) 35 (42%) p=0.163a 
- no answer provided 19 (21%) 37 (44%) p=0.001a 

Regulatory environment   p<0.001a,b 
- good 27 (30%) 11 (13%) p=0.006a 
- poor 19 (21%) 6   (7%) p=0.008a 
- not an issue 26 (29%) 31 (37%) p=0.282a 
- no answer provided 17 (19%) 36 (43%) p=0.001a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

Inventors who do not commercialise their patented technology are less likely to answer 

this question i.e. Question 35 (Table 10.82).  Inventors who develop innovations from 

their inventions are more likely to state that: 

- their access to overseas markets is poor; 

- the size of the Australian market is poor; 

- they trust their industry partner; and 

- acceptance and demand by customers is good. 
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They were also more likely to express their opinion on the quality of distributors or 

suppliers or regulatory environment. 

 

Successful inventors are less likely to complain about the poor interest from industry in 

Australia (37%) than unsuccessful inventors (52%). 

 

This suggests the inventors who have successfully created innovations have a better 

understanding of markets, distributors, and suppliers, have better access to finance, and 

trust their industry partner and generate products with high acceptance and demand 

among customers. 

 

Table  10.83: Advisors during commercialisation as a determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Advisors during commercialisation (Q36)c  
- venture capitalist 12 (14%) 11 (13%) p=0.940a 
- patent attorney 50 (56%) 45 (54%) p=0.730a 
- marketing expert 28 (32%) 21 (25%) p=0.346a 
- licensing officer 4   (4%) 6   (7%) p=0.527# 
- technology transfer officer 11 (12%) 9   (11%) p=0.735a 
- lawyer 15 (17%) 15 (18%) p=0.862a 
- accountant 16 (18%) 9 (11%) p=0.174a 
- friends & relatives 8   (9%) 7   (8%) p=0.878a 
- industry partner 7   (8%) 6   (7%) p=0.857a 

Median no. of advisors 2 2 p=0.380* 
 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
 

The result presented in Table 10.83 is unexpected.  It was anticipated that inventors who 

seek more advice are more likely to succeed in their commercial aspirations for the 

patent.  In effect there is no difference in the number or type of advisors that are 

consulted by successful and unsuccessful inventors.  Could there be a difference in the 

quality of advice received by the two groups?  This may be worth exploring in a future 

study. 
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Table  10.84: Government programs used during commercialisation as a 

determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Government programs used in 
commercialisation (Q37)c,d 

 

- Export market development grants 
scheme 

26 (29%) 2   (2%) p<0.001a

- NIES world class manufacturing 6   (7%)  p=0.029#

- Export finance insurance 
corporation 

3   (3%)  p=0.246#

- None of the above 52 (58%) 67 (80%) p=0.002a

 
* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
d The following programs were not used by either group of inventors: International Trade Enhancement 

scheme, Australian Best Practice Demonstration program, Advanced Manufacturing Technology program 
and Development Import Finance Facility (DIFF) 

 

It is predictable that government funding to support manufacturing or export of products 

would only include patents that have been fully commercialised, with a product ready 

for marketing (Table 10.84).  

 

Again inventors who did not commercialise their patent are less likely to answer 

questions on their opinion of Australian government support of innovation (Table 

10.85).  This could reflect: 

- a disinterest in the topic of commercialisation;  

- a reluctance to further discuss their experience; or  

- a lack of experience of these issues. 

 

Inventors who develop innovations are more likely to rate: 

- Australian government support as good in terms of using political networks 

overseas to support Australian products and industry (11% versus 1%); 

- Austrade as poor (36% versus 19%); and 

- the government’s vision for industry as poor (48% versus 30%); 

 

Otherwise inventors did not differ in their opinions of the Australian government. 
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Table  10.85: Opinion of inventors on Australian government support as a 

determinant of innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value 

Australian government support through: 
(Q38) 

 

a)  provision of funds for developing 
invention 

p=0.001a,b 

- good 18 (20%) 13 (16%) p=0.416a 
- poor 41 (46%) 31 (37%) p=0.222a 
- not an issue 27 (30%) 20 (24%) p=0.335a 
- no answer provided 3   (3%) 20 (24%) p<0.001a 

b)  using purchasing power to support 
Australian products 

p<0.001#,b 

- good 5   (6%) p=0.059# 
- poor 35 (39%) 22 (26%) p=0.066a 
- not an issue 42 (47%) 38 (45%) p=0.797a 
- no answer provided 7   (8%) 24 (29%) p<0.001a 

c)  using political networks overseas to 
support Australian products/industry 

p<0.001a,b 

- good 10 (11%) 1   (1%) p=0.007a 
- poor 26 (29%) 19 (23%) p=0.323a 
- not an issue 47 (53%) 40 (48%) p=0.495a 
- no answer provided 6   (7%) 24 (29%) p<0.001a 

d)  Austrade p<0.001a,b 
- good 15 (17%) 6   (7%) p=0.051a 
- poor 32 (36%) 16 (19%) p=0.013a 
- not an issue 35 (39%) 37 (44%) p=0.529a 
- no answer provided 7   (8%) 25 (30%) p<0.001a 

e)  industry policy p=0.060#,b 
- good 4   (4%) 3   (4%)  
- poor 35 (39%) 21 (25%)  
- not an issue 37 (42%) 35 (42%)  
- no answer provided 13 (15%) 25 (30%)  

f)  vision for industry p=0.009#,b 
- good 2   (2%) 4   (5%) p=0.366# 
- poor 43 (48%) 25 (30%) p=0.013a 
- not an issue 34 (38%) 31 (37%) p=0.860a 
- no answer provided 10 (11%) 24 (29%) p=0.004a 

 

* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
c subcategories are not mutually exclusive 
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Table  10.86: Opinion of inventors on Australian industry as a determinant of 

innovation 

 Innovation 
(n=89)

Non-innovation 
(n=84) p value

Industry in Australia (Q38)  
a)  quality/experience of personnel  p=0.024a,b

- good 36 (40%) 18 (21%) p=0.007a

- poor 29 (33%) 29 (34%) p=0.787a

- not an issue 12 (14%) 14 (17%) p=0.558a

- no answer provided 12 (14%) 23 (27%) p=0.023a

b)  cost of labour  p=0.008a,b

- good 20 (22%) 11 (13%) p=0.108a

- poor 28 (32%) 16 (19%) p=0.061a

- not an issue 30 (34%) 31 (37%) p=0.660a

- no answer provided 11 (12%) 26 (31%) p=0.003a

c)  production facilities  p<0.001a,b

- good 42 (47%) 15 (18%) p<0.001a

- poor 23 (26%) 25 (30%) p=0.565a

- not an issue 14 (16%) 20 (24%) p=0.181a

- no answer provided 10 (11%) 24 (29%) p=0.004a

d)  industrial R&D facilities  p=0.022a,b

- good 25 (28%) 13 (16%) p=0.045a

- poor 29 (33%) 20 (24%) p=0.200a

- not an issue 21 (24%) 24 (29%) p=0.456a

- no answer provided 14 (16%) 27 (32%) p=0.011a

e)  tax on start-up companies during non-
profit phase 

 p=0.142a,b

- good 8   (9%) 5   (5%) 
- poor 23 (26%) 17 (20%) 
- not an issue 41 (46%) 33 (39%) 
- no answer provided 17 (19%) 29 (34%) 

f)  link with universities  p<0.001a,b

- good 39 (44%) 16 (19%) p<0.001a

- poor 18 (20%) 22 (26%) p=0.352a

- not an issue 22 (25%) 17 (20%) p=0.481a

- no answer provided 10 (11%) 29 (34%) p<0.001a

 
* Mann-Whitney U test, # Fisher’s exact test, a Pearson chi-square, b overall chi-square 
 
Again inventors who did not create innovation are less likely to answer these questions 

(Table 10.86).  In terms of their opinion of industry in Australia, inventors who 

developed innovations were more likely to rate highly the quality/experience of 

personnel, Australian production and R&D facilities, and industry links with 

universities.
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10.13.1 Summary of the determinants of innovation 

 

Table  10.87: Summary of the determinants of innovation 

 Crude analysis 
Odds Ratio 95% CI 

1. Inventors    
Current occupation of inventor - research scientists 0.35 0.16-0.75 
 - company director or manager 2.79 1.10-7.07 
 - R&D director or manager 5.19 1.10-24.44 
Area of employment at time of 
developing intellectual property# 

- industry 2.58 1.27-5.24 

 - research institute 0.10 0.01-0.76 
2. Patent, finance and invention    

Patent outcome# - licensed 4.53 2.26-9.11 
 - modified leading to further patents 4.54 1.74-11.83 
 - submitted in countries other than 

Australia and the US 
2.06 1.11-3.81 

Research funding# - postgraduate scholarships 0.19 0.04-0.92 
 - from any research funding body 0.48 0.24-0.96 
Source of finance# - personal 2.13 1.08-4.18 
 - 150% or 125% R&D tax concession 9.67 2.16-43.27 
Occurred to invention - industry partner involved at some stage 2.22 1.21-4.09 
 - nothing since submitting patent -*  
Person in charge of 
commercialising invention 

- industry partner 3.18 1.65-6.11 

 - no-one 0.30 0.13-0.71 
3. Industry partner    

Status of industry partner# - industry partner 11.41 5.56-23.41 
 - lost industry partner 0.34 0.13-0.86 
 - seeking industry partner 0.11 0.02-0.48 
 - no industry partner -*  
 - no answer provided 0.15 0.04-0.53 
Corporate status of industry - independent firm 4.05 1.29-12.77 
partner# - private firm 5.04 1.39-18.23 
 - no answer provided 0.10 0.04-0.22 
Industry of industry partner# - medical technology company 3.82 1.68-8.72 
Involvement of industry partner in 
commercialisation 

- employed inventor(s) at the time of 
submitting patent application 

3.20 1.11-9.25 

 - constructing prototype 3.22 1.55-6.69 
 - conducting initial market research 2.78 1.33-5.80 
 - drafting the first business or 

development plan 
2.89 1.29-6.47 

 - providing manufacturing facilities 7.57 3.47-16.51 
 - providing financial support 2.50 1.25-5.01 
 - searching for external financial support 16.82 2.17-

130.48 
 - providing own distribution network 61.84 8.24-

464.32 
 - searching for distributors 6.57 2.16-20.00 
Country of industry partner - Australia 4.27 2.10-8.68 
 - US 2.38 1.13-5.01 
Industry partner – majority  5.93 2.64-13.33 
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Australian owned 
4. Commercialisation    

Factors influencing location of 
manufacture 

- site of industry partner’s manufacturing 
facilities 

24.38 8.98-66.18 

 - production capability 4.62 1.27-16.84 
 - location of manufacturing company 5.78 1.24-26.92 
 - availability of good staff 8.20 1.00-67.03 
Access to markets overseas# - poor 2.11 1.06-4.19 
Access to finance overseas - not an issue 2.20 1.16-4.18 
Size of Australian market# - poor 2.59 1.39-4.81 
Size of Australian industry in field of 
invented technology 

- not an issue 2.57 1.10-6.00 

Expertise in Australian industry to 
understand invention 

- not an issue 2.79 1.10-7.07 

Interest from industry in Australia# - poor 0.54 0.29-0.98 
 - not an issue 4.79 1.96-11.74 
Trust of industry partner# - good 2.86 1.47-5.58 
Acceptance by customers or 
patients 

- good 6.77 3.48-13.18 

 - not an issue 0.20 0.08-0.50 
Demand from customers - good 7.10 3.52-14.32 
 - not an issue 0.20 0.08-0.46 
Quality of distributors - good 13.58 4.57-40.40 
 - poor 2.85 1.06-7.68 
 - not an issue 0.41 0.21-0.79 
Quality of suppliers - good 10.69 3.58-31.95 
Regulatory environment - good 2.89 1.33-6.30 
 - poor 3.53 1.33-9.34 
Government programs used in 
commercialisation 

- Export market development grants 
scheme 

16.92 3.87-73.98 

 - NIES world class manufacturing -*  
 - None of the above 0.36 0.18-0.70 

Australian government support 
through: 

   

c)  using political networks 
overseas to support Australian 
products/industry 

- good 10.51 1.31-83.98 

d)  Austrade - poor 2.39 1.19-4.78 
f)  vision for industry - poor 2.21 1.18-4.12 

Industry in Australia    
a)  quality/experience of personnel - good 2.49 1.27-4.87 
c)  production facilities - good 4.11 2.05-8.25 
d)  industrial R&D facilities - good 2.13 1.01-4.52 
f)  link with universities - good 3.32 1.67-6.59 

 
* unable to calculate odds ratio as one cell equalled zero 
# variables chosen for the multivariable analysis that are considered to be early in the commercialisation 

process. 
 

All the statistically significant determinants of innovation are included in Table 10.87.  

The only variables not included in the table are those with a significant difference in the 

proportion of inventors who did not answer the question.  These findings have already 

been discussed in detail in their respective sections.   

 



 

 

222

The next step in assessing these positive and negative markers for innovation is to 

assess them together using logistic regression analysis to determine which is best at 

predicting innovation.  What variables should be excluded from this analysis? 
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Table  10.88: Reason for excluding variables from the multivariable analysis  

 Co-linearity 
with other 
variables 

e.g. “industry 
partner” 

Unimportant 
e.g. inventor 

indicated 
“not an 
issue” 

Possible 
confounder as 

later in 
commercialisa
tion process 

Specific to 
Australia and 
possibly not 
relevant to 

other 
countries 

1. Inventors     
Current occupation of inventor   X  

2. Patent, finance and invention     
Source of finance#     
Occurred to invention X    
Person in charge of commercialising 
invention 

X    

3. Industry partner     
Involvement of industry partner in 
commercialisation 

X    

Country of industry partner    X 
Industry partner – majority 
Australian owned 

   X 

4. Commercialisation     
Factors influencing location of 
manufacture 

X    

Access to finance overseas  X   
Size of Australian industry in field of 
invented technology 

 X   

Expertise in Australian industry to 
understand invention 

 X   

Acceptance by customers or 
patients 

  X  

Demand from customers   X  
Quality of distributors   X  
Quality of suppliers   X  
Regulatory environment  X   
Government programs used in 
commercialisation 

  X X 

Australian government support 
through: 

    

c)  using political networks overseas 
to support Australian 
products/industry 

   X 

d)  Austrade    X 
f)  vision for industry    X 

Industry in Australia     
a)  quality/experience of personnel    X 
c)  production facilities    X 
d)  industrial R&D facilities    X 
f)  link with universities    X 

 
* unable to calculate odds ratio as one cell equalled zero 
# variables chosen for the multivariable analysis and considered to be early in the commercialisation 

process. 
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Table 10.88 indicates the variables that are excluded from the multivariable analysis.  

The reasons for excluding variables include:   

- inability to calculate an odds ratio as one cell equalled zero; 

- likelihood of co-linearity with other variables primarily “industry partner”; 

- not thought as important for multivariable analysis, for example, all questions 

where inventors said that the variable was “not an issue” 

- relates to later stages in commercialisation, and hence, are possible confounders 

relating to where in the process an invention has ended up, and thus, possibly 

not causal, and furthermore, they are not of value in a predictive model for use 

in early commercialisation; and 

- factors subject to change over time or specific to Australia and not relevant 

for other countries, and therefore, are excluded as the aim is to keep the 

regression models relevant to other time periods and for other countries 

 

The issue of confounding will be further examined in the discussion section (5.8.2.15).  

One of the major problems with having cross-sectional data in this study is that 

determinants and outcomes are measured simultaneously and sometimes it is difficult to 

distinguish between a determinant and a confounder.  For this reason the decision was 

to concentrate on variables early in the commercialisation process, in order to identify 

the determinants of innovation during early development. 

 

Apart from these issues, the analysis was also limited by the number of variables that 

could be included in the logistic regression model at anyone time.  As indicated in the 

methods section (5.2.8), the maximum ideally should be around 10 outcomes 

(innovations) for every variable included in the model.  Given that 89 patents became 

innovations, I was limited to having around 9 variables in the logistic regression model. 
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10.14 CH 6.4:  THE CASE STUDY 

 

The description of the case study starts with a timeline and an introduction, which 

provide a convenient overview of the commercialisation process.  Rather than follow a 

strict chronology, we start with a summary of the invented technology and its main 

clinical application in chronic venous insufficiency (CVI), in other words its potential 

market and its scientific assessment.  The reason for this approach is to introduce the 

technology and to enclose the parts of the case which rely on related medical concepts.  

The substantive portion of results describes the origin of the technology, its early 

development and our subsequent approach and development work with industry.   

 

10.14.1 Timeline of commercialisation process 

 

The timeline of the commercialisation process is described in Table 10.89.  This should 

be examined in conjunction with the next section introducing the case study. 
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Table  10.89: Timeline for commercialising the VenousAid Stocking 

Date Event 

 Origin of technology 
1990 Dr Don Hicks and Associate Professor Bill Castleden come up with the idea of pneumatic 

compression over lunch at Fremantle Hospital in Perth, Western Australia.  Dr Hicks 
examined air splints for fractured legs and attempted to find a local manufacturer and to test 
splints on patients. 

4-Aug-92 Provisional Australian patent (No. PL3936) lodged entitled “Therapeutic Shoe” 
19-May-93 Professor Stacey and I discuss my desire to do a PhD examining the commercialisation of 

medical research.  Professor Stacey brought up the concept of “the Shoe”, and during the 
ensuing discussion, the concept was refined down to a bladder with a cover. 

Nov-93 I was offered a 3 year Eva K A Nelson scholarship from the University of Western Australia 
for a PhD study. 

 Developing technology 
9-Jan-95 Meeting with Professor Stacey to start PhD – focusing on prototype development 

10 13-Jan-95 CTV Plastics Welding in Nollamara, Western Australia, make first bladder prototype. 
Jan. to June 

95 
Trial 1: developing a method of ambulatory venous evaluation and testing bladder prototype 
using Crinx bandages as the cover 

28-Jul-95 I enrol in a PhD at the University of Western Australia 
 Approaching and working with industry 

24-Feb-96 I present results of Trial 1 at the National Conference of the Australian Wound Management 
Association in Sydney.  Professor Stacey, Ms Yvonne Vandongen and I meet Mr Paul 
Grove, sales representative for the Swiss based Salzmann AG, at the Conference. 

12-Oct-96 Cover designed and made with elastic/inelastic panels and buckle/loop fasteners with Ms 
Kerry Marshall and Mrs Maureen Mattes (later found to be only patentable part of invention) 

24-Feb-97 Second provisional Australian patent (No. PO5262) lodged entitled “Therapeutic Ambulatory 
Compression Stocking” 

28-Feb-97 Meeting with Mr Daniel Künzli (managing director) from Salzmann AG and Mr Paul Grove 
(Trimed Australia Pty Ltd) at University Department of Surgery in Fremantle Hospital 

10-Apr-97 Board of Salzmann AG, meeting in St Gallen Switzerland, agree to go ahead with 
development.  Mr Edi Brack, a board member, is put in charge of prototype development. 

7-Aug-97 First industry prototypes of bladder arrive from Salzmann AG 
11-Aug-97 Start Trial 2: testing first bladder prototype from industry using compression bandages as 

cover 
27-Aug-97 Professor Stacey visits Salzmann AG in Switzerland 

Sept-97 Start Trial 3: testing second set of bladder prototypes from industry and seeing whether the 
foot portion needed to be enclosed 

22-Sept-97 Board of Salzmann AG decide to pull out of further development 
24-Sept-97 Professor Stacey informed of board decision upon meeting Mr Künzli in London 

3-Nov-97 Smith & Nephew Research Ltd approached through Mr George Drewery, Clinical Research 
Manager of R&D Technologies of the company 

7-Nov-97 Prototype of cover made from neoprene at a local surf shop with open foot portion 
18-Nov-97 Meeting between representatives of Smith & Nephew Research Ltd and Professor Stacey 

and Ms Vandongen in Heslington, York in the UK 
9-Feb-98 Email from Mr Bill Pigg at Smith & Nephew “we do not feel that we can take this 

development forward” 
25-Feb-98 Third provisional Australian patent (No. PP1995) lodged entitled “Therapeutic Ambulatory 

Compression Stocking” – see copy in Appendix 10.15 
25-Feb-99 Third provisional patent lapses 

2-Oct-01 Author commenced write up of case 
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10.14.2 Introducing the case 

 

This case study describes the commercialisation of a medical invention called the 

VenousAid Stocking.  This device was meant to cover the lower leg and foot.  It 

consisted of an inelastic cover and contained a pneumatic bladder.  Its purpose was to 

improve the function of leg veins by squeezing the calf of a person especially while 

they are walking.  The Stocking was intended to treat the complications of chronic 

venous disease such as leg swelling and chronic leg ulcers. 

 

The three original inventors Dr Hicks, Associate Professors Castleden and Stacey 

applied for a provisional Australian patent in August 1992 but let it lapse as they did not 

continue with its development.  The concept of the device was changed during a chance 

conversation between Professor Stacey and myself in 1993, when we laid the plans for 

this thesis (N.B. “we” in this chapter usually refers to Professor Stacey and I).  In 1995, 

we made and clinically tested a prototype of the VenousAid Stocking (Trial 1 in Table 

10.89) before approaching Salzmann AG in 1996, a Swiss company well known to 

Professor Stacey.  This resulted in a meeting with Mr Daniel Künzli, the company’s 

managing director, in February the following year, after which the company decided to 

go ahead with developing the Stocking.  Salzmann AG made the second prototype of 

the bladder and sent it to us for clinical testing.  However, during a meeting of the board 

of Salzmann AG in September 1997, the company decided to pull out of the 

development project due to a number of perceived difficulties in design and marketing.  

We then approached Smith & Nephew Research Ltd from the UK, who listened to our 

proposal in November 1997, but by February 1998 decided not to go ahead with 

developing the VenousAid Stocking as they were focusing on a related technology.  

Since then no substantive development has occurred.   

 

Right from the start, our aim was to license or sell the VenousAid Stocking to a 

company with the facilities and willingness to manufacture and market the technology.  

As university based researchers we did not have the facilities, nor did we wish to create 

a start-up company, to commercially develop the technology.  Thus, selling or licensing 

our technology to a company was a necessary, though not sufficient, condition for its 
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commercialisation.  For it to become a medical innovation, the company would need to 

manufacture and market the invention. 

 

In terms of commercialising the VenousAid Stocking we were selling 3 things to 

industry – the technology, and our ability to test such technology and our aptitude to 

promote it scientifically.  We were able to test the device by assessing its impact both 

on leg physiology and in healing venous leg ulcers.  This was through the Fremantle 

Leg Ulcer Clinic by having access to patients with chronic venous disease and the 

attendant skilled staff to undertake clinical trials.  Through the Clinic and our close 

relationship with Silver Chain (the main domiciliary nursing organisation in Perth), we 

were also in a good position to undertake market testing.  Scientific promotion of the 

device by us would have included scientific publications of our trials and their 

presentation at international medical conferences.  Promising scientific results would 

help with marketing the product.  Our difficulty was to tread the fine line between 

supporting a product and maintaining our scientific scepticism.  It was important for us 

to minimise investigator bias so that we did not lose credibility in the scientific world 

and undermine our academic careers.   

 

In the early phase of commercialisation, two crucial questions were being examined. 

- Is there a market for this product –is it better than the current leading products in 

treating patients with chronic venous insufficiency, namely, below knee elastic 

stockings and compression bandages?  In other words, is the VenousAid 

Stocking a significant improvement on these products in terms of improving 

venous function in the leg of patients while they are walking?  To answer this 

question necessitated undertaking clinical trials. 

- Is this technology able to be patented?  To be granted a patent technology needs 

to be novel, “nonobvious to a person skilled in the art” and “useful” [USPTO, 

2003 #347: 4] (see Section 10.14.5.2) 

 

The main reason for embarking on clinical testing was because we felt that there were 

already two very dominant and competitive products in the market – below knee elastic 

stockings and compression bandages.  Because our product was bulkier than elastic 

stockings, we felt that if we were able to show that the VenousAid Stocking had a more 

beneficial effect on the physiology of the leg, i.e. that it was better at compressing legs 
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and healing venous leg ulcers, then we would have a better chance of making in-roads 

into the established market.  However, before we could perform these studies we needed 

to develop a method for assessing venous function while patients were walking on a 

treadmill as no such method had been properly developed [Nicolaides, 2000 #222].   

 

In order to understand the market and to undertake the clinical trials requires an 

understanding of chronic venous insufficiency, including its anatomy, pathology and 

epidemiology. 

 

Initially the case focuses on the VenousAid Stocking and its principal application in 

chronic venous disease.  Methods of measuring venous function are then described, 

before outlining the 3 clinical trials.  These were conducted to demonstrate our method 

of ambulatory assessment of venous function and to test 3 different prototypes.   

 

10.14.3 Background to the technology, its clinical application and its 

scientific assessment 

 

This section looks at the VenousAid Stocking from a technical point of view, in order to 

place it into its medical and commercial contexts.  It also provides a description of the 

rationale, method and result of its scientific assessment. 

 

10.14.3.1 The VenousAid Stocking 

This section describes the VenousAid Stocking.  A diagram of the VenousAid prototype 

taken from the provisional patent application PP1995 submitted on 25 February 1998 is 

seen in Figure 10.16 (see Appendix 10.15 for a complete copy of the patent 

application).37 

 

                                                 
37 As the three figures are taken from the patent application, features of each drawing are numbered 

(these were difficult to delete, and hence, should be ignored unless otherwise indicated).   
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(a) (b) (c) 

 

Figure  10.16: Drawings of the lateral (a) and medial (b) aspects of the cover, and 

the bladder (c) of the VenousAid Stocking from the provisional patent application 

PP1995 submitted on 25 February 1998 

 

The final version of the VenousAid Stocking was envisaged: 

- to be skin toned; 

- with a cover similar to an elastic stocking but made of short-stretch material 

running from the ankle to below the knee.  The foot portion could either be left 

open or covered with a loose or more fitted elastic sock.  In our first prototype 

the cover was made of inelastic material with an elasticated panel (“16” in panel 

(b) in Figure 10.16). 

- with unobtrusive VELCRO fastening devices evenly spaced from ankle to 

below the knee, enabling the patient to apply the Stocking by themselves and 

adjust it to a predetermined level of compression by using a buckle/loop 

arrangement giving the patient added leverage in tensioning the Stocking.  There 

was an option to make the foot portion adjustable as well as is seen in panel “a” 

of Figure 10.16. 

- an internal pneumatic bladder was to be made of plastic held in place by a 

light weight sock or fitted inside the cover.  The bladder was probably going to 
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be of a fixed volume of air.  However, an adjustable volume of air was 

considered with a hidden valve (“46” in panel (c) in Figure 10.16) to enable easy 

filling and emptying of air. 

- to have a set with 2 material covers and one internal bladder lasting for 6 

months at a cost of AUD$70. 

 

The weight of the VenousAid Stocking was to be somewhere between that of an elastic 

stocking and compression bandages.  The Stocking was to be available in a range of 

sizes, possibly similar to that seen for elastic stockings.  The design was very versatile: 

- the bladder could be used separately under bandages. 

- the cover could be used with or without the bladder.  For example, the combined 

VenousAid bladder and cover could be used at the commencement of treatment 

for a leg ulcer.  Once the oedema has settled or the ulcer has healed, the cover 

could be applied without the bladder. 

 

The main application was to be in the treatment of chronic venous disease of the leg, 

otherwise known as chronic venous insufficiency (CVI). 

 

10.14.3.2 Chronic venous insufficiency (CVI): anatomy, pathology and 

epidemiology 

This section provides a background to the mechanism of action of the VenousAid 

Stocking, its scientific assessment and its application in CVI.  It outlines the normal 

venous anatomy of the leg, the pathology and epidemiology of CVI.   

 

Anatomy and function of leg veins.  The veins in the legs are a conduit to return blood 

from the legs to the heart and lungs.  The venous blood is pumped up the leg against 

gravity with a series of bicuspid valves inside the veins preventing the blood from 

flowing back down (Figure 10.17 (a)).  There are two sets of veins in the leg, the 

superficial and the deep venous systems.  The superficial venous system largely lies in 

the fat tissue of the skin and includes the long and short saphenous veins and their 

tributaries.  These veins are also called suprafascial, lying outside the deep fascia of the 

leg.  This fascia is a tight layer of connective tissue which surrounds the muscles and is 

fused with that surface of the bones (known as the periosteum) which lies under the skin 
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[Williams, 1995 #243].  The blood flows from these superficial veins to the deep veins 

through perforating veins to the deep venous system which lies underneath the deep 

fascia of the leg – thus are called subfascial veins.  These deep veins are surrounded by 

dense and tightly bound tissue – primarily muscles of the calf and the thigh.  These 

muscles act as a pump and squeeze the deep veins pushing the venous blood towards the 

heart (Figure 10.17 (c)).  The most important of these is the calf muscle pump, also 

known as the peripheral heart [Tibbs, 1992 #244;Feied, 1998 #236].  When leg muscles 

relax, especially during the swing phase of walking, when the leg is off the ground and 

swinging forwards, the pressure in the deep veins drops below that in the superficial 

veins and blood from the superficial veins flows into the deep venous system through 

the perforating veins.  The perforating veins usually contain uni-directional valves that 

prevent the blood in the deep venous system being expelled into the superficial system, 

especially during calf muscle contraction when pressure in the deep veins is greater than 

that in the superficial veins.   

 

 

 

(a) (b) (c) 

 

Figure  10.17: Anatomy of the venous system of the lower limb 

 

CVI results from long-term ambulatory venous hypertension, that is high pressures in 

the venous system of the leg while walking.  CVI results from structural or functional 

abnormalities of veins, in the superficial, deep or perforating veins.  The most common 

causes of CVI are [Nicolaides, 2000 #222]: 
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- venous thrombosis or blood clots which can obstruct veins or damage the valves 

resulting in venous backflow or reflux.  In approximately 40% of people with 

CVI, deep venous thrombosis is thought to be the main cause; or 

- primary reflux in the deep or surface veins due to abnormalities of the wall or 

the valves of veins, from an unknown but suspected genetic cause, are 

responsible for most cases of CVI that are due to problems with the surface 

veins and only a small proportion of those due to problems in the deep veins; or 

- failure of the calf muscle pump because of neurological (e.g. polio or 

paraplegia) or muscular (e.g muscular dystrophy) pathologies.  The most 

common cause is atrophy of the calf muscle due to disuse of the muscle 

resulting from reduced movement of an ankle joint stiffened by osteoarthritis. 

 

How does ambulatory venous hypertension occur?  When people walk, calf muscles 

compress the deep veins and squeeze blood back to the heart.  In people with normal 

veins, when the calf relaxes, valves in the deep veins stop blood returning into the leg, 

the pressure in the deep veins reduces and blood flows from surface to deep veins, thus 

reducing pressure in surface veins.  If deep or superficial veins are damaged and have 

become incompetent, when the calf relaxes venous blood refluxes back into the leg and 

refills these veins, therefore preventing the drop in pressure to the same extent and 

causing “ambulatory venous hypertension”.   

 

However to diagnose CVI, venous refilling time and not venous hypertension is most 

commonly measured.  What is venous refilling time?  This is the time taken for the 

veins to refill with blood after exercising the calf.  People with CVI usually have 

damaged or abnormal venous valves and, thus, venous reflux occurs.  Hence, as the 

affected person is walking, a portion of the blood expelled from the leg comes back into 

the leg and so the veins fill up more quickly.  Whereas people with normal venous 

function, the veins fill up more slowly as there is no venous reflux and the blood is 

mainly flowing from the arteries through the capillaries into the veins.  Thus, in normal 

people venous refilling time after exercise is more than 25 seconds and in people with 

CVI, their refilling time is less than 25 seconds.  This will be elaborated upon in Section 

10.14.3.6 below. 
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The pathophysiology of CVI [Agren, 2000 #495] starts with high venous pressures 

both during exercise and at rest leading to reduced clearance of fluid from the tissues in 

the leg.  This leads to swelling of the leg - usually the first sign of CVI.  The swelling 

worsens with prolonged standing and settles at night or with leg elevation.  The high 

pressures in the superficial venous system lead to varicose veins and increased pressure 

in the post-capillary vessels producing damage to the skin capillaries.  Although the 

exact pathogenic steps leading from venous hypertension to venous ulceration remain 

unclear, it appears that the increased venous pressure results in fluid, serum proteins, 

and blood cells being forced from capillaries into the subcutaneous tissue.  This causes 

local tissue oedema, and sets up a chronic inflammatory state including subcutaneous 

tissue hypoxaemia, activation of leukocytes with subsequent release of proteolytic 

enzymes along with free oxygen radicals, leading to tissue damage and fibrotic tissue 

infiltrates, which over time may cause ulceration.  Indicators of an inflammatory 

reaction are already detectable at early stages of CVI.  Currently, one of the important 

scientific questions is to identify the trigger mechanisms for this inflammatory reaction.  

The extravasation of red blood cells results in the deposition of haemosiderin in the 

tissues which turns the skin brown.  This process of hyperpigmentation and chronic 

inflammation usually starts around the ankle and lower calf, also known as the gaiter 

region, because of the higher pressures in the veins at this level.  The clinical 

consequences include hyperpigmentation, varicose eczema or dermatitis and later 

extensive fibrosis of the subcutaneous tissue and overlying skin, called 

lipodermatosclerosis (Figure 10.18).  Leg ulcers, which are a breakdown of the skin, 

usually occur in the skin affected by lipodermatosclerosis (Figure 10.18 (c)).  Ninety 

percent of venous leg ulcers occur in the gaiter region [Baker, 1991 #224].   
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(a) (b) (c) 

 

Figure  10.18: The changes associated with chronic venous insufficiency 

including (a) varicose veins, (b) hyperpigmentation, lipodermatosclerosis and 

the scaliness of varicose eczema and (c) venous leg ulcers 

 

The epidemiology of CVI [Nicolaides, 2000 #222] indicates that: 

- 25% to 33% of female and 10% to 20% of male adults have varicose veins; 

- 3% to 11% of the population have oedema and skin changes, such as 

hyperpigmentation and eczema, due to CVI; and 

- 0.3% [Nicolaides, 2000 #222] of the adult population have a venous leg ulcer – 

this prevalence rises exponentially with increasing age, so that 3% of the 

population over the age of 65 suffer from them [Baker, 1991 #224]. 

 

Venous leg ulcers can be a debilitating illness with only 50% healing at 4 months and 

20% remaining open after 2 years [Nicolaides, 2000 #222].  Though with proper 

treatment, using a wound dressing covered by a toe to knee compression bandaging (as 

seen in Figure 10.19 (b)), 71% of ulcerated limbs are healed within 3 months compared 
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to 25% with no compression [Charles, 1991 #230;Cullum, 2001 #226;Stacey, 1995 

#245].  Multi-layered bandaging though bulkier is more effective than single layered 

systems because they generate higher levels of compression [Cullum, 2001 #226].  

Compression stockings have been found to be just as effective as compression bandages 

[Cullum, 2001 #226].  However, stockings are impractical for larger venous leg ulcers 

because of the extra amount of wound dressings required.  Poorly applied compression 

bandages can cause bandage trauma, resulting in additional traumatic ulcers (Figure 

10.19 (c)).  It is uncertain whether intermittent pneumatic compression of legs, while 

patients are lying down, increases the healing of venous leg ulcers [Mani, 2001 #228].  

To our knowledge, no trials of intermittent pneumatic compression have been 

undertaken in patients while they are walking. 

 

 

 

 

(a) (b) (c) 

 

Figure  10.19: Toe-knee compression bandages (a) first layer usually a dressing, 

followed by a cotton bandage and then (b) compression bandages and (c) an 

example of poorly applied compression bandages 

 

The annual cost of venous leg ulcers in the US in 1991 was estimated to be over one 

billion US dollars [Nicolaides, 2000 #222]. 

 

Currently, prevention of leg ulcers in people with CVI is primarily through wearing 

below knee elastic stockings.  The higher the level of pressure, the better the preventive 

effect.  Stockings are divided into compression classes [Valencia, 2001 #346].  

Stockings in compression classes I and II apply 20-30mmHg and 30-40mmHg of 

pressure to the leg respectively.  Class III stockings exert 40-50mmHg.  Wearing class 

III below knee elastic stockings can reduce the recurrence of venous leg ulcers from 

54% to 31% after 6 months [Vandongen, 2000 #154].  However, Vandongen and 

colleagues [, 2000 #154] found that 28% of patients who were eligible to wear 
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stockings in this trial were unable to apply them because of arthritis of hands, obesity, 

dementia and frailty.  As discussed in the next section, these patients are a potential 

market for the VenousAid Stocking. 

 

10.14.3.3 VenousAid Stocking: application and market 

The VenousAid Stocking was a compression device, which was primarily designed to 

assist the calf muscle in pumping venous blood from the leg during walking.  Thus, the 

VenousAid Stocking may have played a role in the following markets: 

- primarily, treating venous ulcers of the leg;  

- treating peripheral oedema;  

- preventing the recurrence of venous leg ulcers; 

- rehabilitation after a deep vein thrombosis of the leg;  

- management of limbs after venous surgery; 

- prevention of deep vein thrombosis of the leg in patients after major surgery or 

during periods of prolonged immobilisation such as plane flights; and  

- treating lymphoedema. 

 

There are two unique features of the VenousAid Stocking which differentiated it from 

all competition, namely compression bandages and elastic stockings.  First, and the 

most original feature is the internal bladder which generates a wave of graduated 

pressure during each step at the time of maximal calf contraction, thus pumping an 

additional amount of venous blood from the limb.  The second feature is the non- or 

minimal stretch cover which ensures that the “squeezing” pressure generated by the 

internal bladder and calf muscle is not dissipated outwards but maximally exerted on 

the lower limb and, thus on the venous blood vessels and lymphatic system. 

 

The proposed methods by which the VenousAid Stocking would work on improving 

venous function in leg while patients are walking include: 

- increased venous outflow from the leg by compressing the calf more, and thus, 

assisting the calf muscle pump and reducing the amount of blood being 

squeezed into the superficial venous system through the perforator veins by 

compressing the superficial tissues of the leg; 
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- decreased venous reflux back into the leg, especially by the inelastic cover 

preventing the leg from expanding; and 

- reducing oedema or leg swelling through its compressive effect.  

 

The main market for the VenousAid Stocking was intended to be for the treatment of 

CVI, and thus, it was competing with compression bandages and elastic stockings.  The 

perceived competitive advantage of the Stocking over these products was that it would: 

- have less bulk than compression bandages; 

- be easier to apply than compression bandages and stockings; 

- be adjustable by the patient; 

- be more effective in assisting the pumping action of the calf muscle; 

- generate pressures equal to or greater than elastic stockings and compression 

bandages;  

- maintain a constant pressure during application, unlike compression bandages 

which loose 50% of their compressive effect within 24 hours; and 

- be reusable up to 3-6 months. 

 

We envisaged the VenousAid Stocking competing for a portion of four main markets 

(Appendix 10.16: 8-9).  Three of these markets include those currently covered by: 

- compression bandages for treating venous leg ulcers; and 

- stockings for treating venous leg ulcers, preventing leg ulcers in people with 

CVI and preventing deep vein thrombosis arising from prolonged 

immobilisation due to, for example, long plane flights or long hospital stays. 

 

The fourth market was for patients unable to put on stockings due to arthritis of hands, 

obesity, dementia and frailty, and for patients that did not want to wear bandages.   

 

10.14.3.4 The reason for undertaking clinical trials 

The current market for below knee elastic stockings and compression bandages is well 

established with good published evidence as to their efficacy.  For this reason we 

thought that we needed to demonstrate to industry and later on to clinicians that the 

VenousAid Stocking was just as, if not more, effective than these established products.  
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For the market segment of patients unable or unwilling to apply the current products, 

we just needed to show that our device had a beneficial effect on venous function. 

 

The main aim of the early trials was to see if the prototype was as good or better at 

expelling blood from the lower leg as compression bandages and elastic stockings.  We 

assumed that pulsatile compression using the bladder prototype would be better at 

ejecting blood, and therefore, have a better effect on improving venous function of the 

leg.  If we were able to demonstrate such findings, then we could put the argument to 

industry, and later to clinicians, that as a consequence, the VenousAid Stocking would 

be just as good if not better at healing and preventing venous leg ulcers than existing 

products.   

 

In order to demonstrate the anticipated increased venous outflow and reduced venous 

reflux from the Stocking, we needed to find a way of measuring venous function while 

patients were walking.  No such method had been developed.  The standard method for 

assessing venous function in legs was with patients sitting or standing and not walking 

[Nicolaides, 2000 #222].   

 

In the Development Plan for industry, we also proposed, in the long run, to undertake a 

randomised controlled trial to show the effectiveness of the VenousAid Stocking 

against established products in healing venous leg ulcers (Appendix 10.16: 15-17).  As 

these trials were not performed, they will not be discussed further. 

 

The patients and methods used in all 3 trials conducted, as part of the commercialisation 

process, are presented next.  This is followed by an outline of their results. 

 

10.14.3.5 Patients participating in all 3 trials 

The patients were recruited, from the Fremantle Hospital Leg Ulcer Clinic in Western 

Australia, after their venous leg ulcers had successfully healed with compression 

bandaging.  All patients had a thorough history, examination and a series of 

investigations performed to determine that their ulcer was due to venous disease alone 

[Baker, 1992 #151].  The presence of venous disease was established using 

photoplethysmography (Parks Vascular Mini-Lab III), with all patients having a venous 
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refilling time of less than 25 seconds [Nicolaides, 2000 #222].  In order to rule out 

significant arterial disease of the legs, all patients had a normal ankle brachial pressure 

index of greater than 0.9 [Moneta, 1991 #239].  Patients with diabetes mellitus were 

excluded.  Diabetes mellitus was diagnosed by a positive history or a random blood 

glucose greater than 10 mmol/litre [Baker, 1992 #151].  Patients, with other factors 

known to impair healing, were identified and excluded by performing additional blood 

tests, including a full blood picture, erythrocyte sedimentation rate, urea and 

electrolytes, liver function tests, rheumatoid serology and autoantibody screen (for anti-

nuclear, anti-parietal cell, anti-smooth muscle, and anti-mitochondrial antibodies).  

These tests screened for diseases such as anaemia, renal or liver disease, and 

autoimmune diseases such as rheumatoid arthritis.   

 

10.14.3.6 Method for ambulatory assessment of venous function in all trials 

Ambulatory venous pressure measurements are regarded as the gold standard for 

screening and diagnosing venous disease [Nicolaides, 1985 #237].  Despite the name 

“ambulatory”, this method does not assess people while they are walking [Nicolaides, 

2000 #222;Mason, 1982 #223].  “Ambulatory assessment” involves a patient standing 

still and going up on tiptoes usually 10 times on the spot while holding onto an 

orthopaedic frame with a needle inserted into a superficial vein in the foot or leg and 

connected to a pressure transducer [Nicolaides, 2000 #222].  If the patient is walking, 

say on a treadmill, the needle is more likely to move and cause pain and other problems.  

So little research has been done examining venous function while people are actually 

walking [Nicolaides, 2000 #222].   

 

The tiptoe method of ambulatory assessment of venous function is fundamentally 

flawed as a method for measuring the effect of the VenousAid Stocking.  The problem 

is that ambulatory venous pressure measurements do not assess all four parts of the gait 

cycle, namely the heel-strike, stance, toe-off and swing phases (Figure 10.20).  Going 

up on tiptoes only measures the latter half of the stance phase to just before toe-off 

phase of walking.  The VenousAid Stocking was meant to have its effect while patients 

were walking with the foot portion of the bladder being compressed and generating the 

pressure wave up the calf.  The foot segment of the bladder is squeezed during the heel-
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strike to the toe-off phase of walking.  Thus, we needed to measure venous function 

during all 4 parts of the gait cycle.   

 

 
(a)    (b)   (c) 
 

Source: [Schofer, 2000 #238] 

Figure  10.20: The heel-strike (a), mid-stance (b) and toe-off (c) phases of the gait 

cycle 

 

The only conceivable way to do this was to use a treadmill.  We had to devise a new 

way of assessing venous function because up to this time non-invasive methods 

predominantly involved patients sitting or standing.  Patients while sitting move their 

foot up and down or patients while standing us the aforementioned tiptoe method.  

There was little work on assessing venous function while patients were walking.  For 

ambulatory assessment of venous function, we used digital photoplethysmography (D-

PPG) and air plethysmography (APG) [Nicolaides, 2000 #222].  These are 

complementary methods for assessing venous function.  The D-PPG measures changes 

in the microcirculation in the skin, and the APG measures changes in leg volume with 

an air-filled cuff around the calf.   
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Digital photoplethysmography (D-PPG) 

 

 
 

Figure  10.21: Digital photophlethysmography (D-PPG) assessment with patient 

wearing a below knee elastic stocking and sitting on an examination couch 

 

Digital photoplethysmography (D-PPG) uses an infrared probe which measures changes 

in the absorption of infrared light in the underlying skin.  The haemoglobin in the red 

blood cells absorbs infrared light, and as the volume of blood increases less light is 

reflected back to the probe.  This increase in absorption represents the increase in blood 

volume.  The advantage of the D-PPG over other forms of photoplethysmography is 

that the volume of blood can be quantified against a baseline absorption, unlike other 

forms, where the change in blood volume can not be quantified.   

 

Initially the standard method for assessing venous function in the leg using D-PPG is 

described [Nicolaides, 2000 #222;Fronek, 1998 #350].  The machine used in our studies 

was a Vasoquant VQ1000 D-PPG from Elcat Medical Systems GMBH in 

Wolfratshausen, Germany (http://www.elcat.de [18 April 2002]).  The patient had an 

infrared probe applied 10 centimetres above the medial or lateral malleolus.  They sat 

on the edge of the bunk, hanging their legs over the side with their foot off the ground 

(Figure 10.21).  The D-PPG machine was turned on, and an inbuilt automated protocol 
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was followed prompted by audible beeps.  Once a baseline reading had been taken, the 

machine emitted 8 beeps indicating to the patient to dorsiflex their ankle 8 times.  After 

the final beep, the patient was instructed to relax their leg and to let it hang freely.  As 

can be seen in Figure 10.22, the D-PPG measures the venous outflow as well as reflux.  

The venous outflow is demonstrated by the rise in the curve.  Venous reflux is shown by 

the time it takes the curve from time “0” to return back down to a steady level, 

otherwise known as venous refilling time.  In the example provided, the venous refilling 

time was 34 seconds i.e. in the normal range of being at least 25 seconds.  The height of 

peak of the curve at time “0” is taken as venous pump power (Vo) after exercise which 

in the example is 7.7%.  Vo is a quantification of the amount of light reflected and does 

provide a comparative assessment measure of outflow but it is not a measure that can be 

equated to a volume.  In addition, the peak height of a curve during the exercise phase 

as visualised by the rising curve was taken as the maximum pump power during 

exercise (Vmax). 

 

 
Source: http://www.elcat.de/englisch/Products/products.html [18 April 2002] 

Figure  10.22: Normal digital photophlethysmography (D-PPG) curve as 

generated by an Elcat Vasoquant VQ1000 machine 

 

To carry out ambulatory venous evaluations, the patient was guided to a treadmill and 

instructed on how to undertake a walk with the D-PPG probe on the leg.  As the 

protocol was fixed, the timing of the walk on the treadmill had to fit in the preset 

timeframe of the 8 beeps.  Thus, the patient stood on the treadmill with the leg being 

tested hanging over the side.  The D-PPG was turned on, once a baseline reading was 

completed, the treadmill was turned on and the patient walked for 8 beeps, which 
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usually amounted to 6 or 7 steps.  At about beep 5, the treadmill was turned off and the 

final steps were taken as the belt slowed down and the test leg was hung back over the 

side.  Each test was repeated 3 times and the average was taken of each reading or 

measure of venous function.   

 

Air plethysmography (APG) 

 

  
(a) (b) 

Figure  10.23: Ambulatory air plethysmography (APG) assessment on a treadmill 

with (a) patient wearing air-filled cuff around calf and (b) the associated 

transducer, amplifier and recorder 

 

Air plethysmography was used to measure the overall change in volume in the calf of 

the leg.  This method uses an air-filled cuff around the calf and changes in leg volume 

equate with changes in cuff pressure.   

 

The standard method we used for testing prototypes has been described by a number of 

authors [Katz, 1991 #241;Yang, 1997 #240;Nicolaides, 2000 #222].  The air 

plethysmograph we used included a tubular polyvinyl chloride air cuff with a capacity 

of 5 litres that enclosed the whole leg from the ankle to the knee, a pressure transducer, 

an air pump to inflate the cuff, and an amplifier and recorder (LR8100, Model 3701; 

Figure 10.23 (b)) [Yang, 1997 #240].  
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Adapted from [Nicolaides, 2000 #222] 

Figure  10.24: Position of leg and tubular air cuff of air plethysmograph (APG) for 

recording pressure and volume changes shown in Figure 10.25 

 

The patient was asked to lie down and a sling around the ankle suspended their leg at 45 

degrees enabling the veins to be emptied (Figures 10.24 and 10.25 (a)).  The cuff was 

applied around the calf and inflated to a pressure of 6mmHg.  The cuff was connected to 

the pressure transducer which was attached to the amplifier and recorder.  The recorder 

was turned on to obtain an analogue tracing.  An initial calibration was performed by 

pressing the plunger of the calibration syringe and infusing and defusing 50ml of air 

into the cuff.  The patient was guided off the bunk and stood on the opposite leg while 

holding onto an orthopaedic frame and keeping the leg being tested weight free - with 

only the forefoot touching the ground for balance.  The increase in leg volume is called 

the venous volume (VV) as it is primarily due to veins refilling with blood (Figure 

10.25 (b)).  The time taken in seconds for them to refill is called the venous filling time 

(VFT) which is a measure of venous reflux.  To avoid making measurement errors as 

the curves flattened out towards the end of a measure on the analogue trace, the 90% 

VV and 90% VFT were taken.  Venous filling index (VFI) is equal to VV/VFT.  The 

patient was then asked to stand on both feet and execute one tip-toe manoeuvre and to 

return to the original standing position with the tested leg remaining weight free (Figure 

10.25 (c)) [Yang, 1997 #240].  The reduction in venous volume is referred to as the 

ejection volume (EV).  This was repeated three times and the mean of the three readings 

was taken as the EV.  The ratio of EV/VV*100% is the venous ejection fraction (EF).  
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EV and EF are both measures of venous outflow or calf muscle pump function.  The 

patient was then asked to do 10 tip-toe movements, before returning to the original 

standing position (Figure 10.25 (d)).  Again this was performed three times to iron out 

measurement errors.  The time taken for the veins to refill after the 10 tiptoe movements 

was defined as the after exercise venous filling time (90%AEVFT) and the volume 

required to fill the veins as the after exercise venous filling volume (90% AEVFV).  

The after exercise venous filling index (90% AEVFI) was a ratio of the previous two 

measures 90%AEVFV / 90%AEVFT.  In the standard laboratory assessments the 

patient was then moved back to the bunk [Katz, 1991 #241;Yang, 1997 

#240;Nicolaides, 2000 #222], however, this is not shown in the accompanying trace in 

Figure 10.25. 

 

 

x1 

 
 

Source: [Nicolaides, 2000 #222] 

Figure  10.25: Diagram of a typical recording of leg volume changes during a 

standard air plethysmography test: (a) patient in supine position with leg 

elevated 45 degrees; (b ) patient standing with weight on non-examined leg; (c) 

single tiptoe movement; (d) ten tiptoe movements; (e) standing still. 

 

In order to undertake ambulatory venous evaluations, we added an 8-step walk on the 

treadmill before taking the patient back to the bunk.  The patient stood on the treadmill 
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with the leg being tested hanging over the side (Figure 10.23 (a)).  The treadmill was 

then turned on and the patient took 8 steps which were counted out loud.  At about step 

5, the treadmill was turned off and the final 3 steps were taken as the belt slowed down 

and the test leg back was hung back over the side.  This was repeated 3 times.  The EV, 

EF, 90%AEVFT, 90%AEVFV, and 90% AEVFI were calculated.  The patient was then 

asked to move back to the bunk and lie down with the leg elevated at 45 degrees and the 

veins allowed to empty as the analogue trace returned to the baseline before the recorder 

was turned off.  The difference in leg volume between the final baseline and the end of 

the 10 tip-toe movements and walking on the treadmill was taken as the residual volume 

(RV).  The residual volume fraction (RF%) was equal to the RV as calculated as a 

percentage of VV i.e. RF% = RV/VV*100%.  RF% is an indirect measure of venous 

outflow. 

 

During initial testing I noticed that the cuff sometimes slipped down the patient’s leg 

which meant that changes up or down on the analogue trace represented a different 

change in volume.  For this reason, after each manoeuvre, a 50ml calibration was done 

and was used in calculating the change in leg volume of the preceding manoeuvre.   

 

The APG has been shown to be effective in assessing venous function in the bare leg 

and with stockings [Nicolaides, 2000 #222] or bandages [Yang, 1999 #242] on the leg.  

Unfortunately the APG could not be used for estimating the effect of the VenousAid 

prototype as the air coming up the bladder arm interfered with measuring calf volume 

(Figure 10.25 (c)).  Hence, in the beginning we used both the D-PPG and the APG to 

see if the results were similar (which they were subsequently shown to be).  However, 

in the final testing of prototypes we used the APG to calculate VV and the D-PPG to 

assess ambulatory venous function.  Thus, the effect of the prototype on ambulatory 

venous function was assessed using a D-PPG with patients walking on a treadmill. 

 

We assumed that there would be the some degree of variability between repeated 

measures of venous function using the D-PPG and the APG.  To accommodate such 

variability, each measure was taken three times and the average was calculated and 

taken as the final result.  
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10.14.3.7 Ethical issues related to the trials 

The Fremantle Hospital Ethics Committee granted ethics approval.  Informed consent 

was obtained from all subjects who participated in the study.  They were reassured in 

the initial contact conversation that all information would be confidential and that no 

names would be used in reporting the results and that they were free to withdraw from 

the study at any time.   

 

10.14.3.8 Clinical trials of prototypes 

As mentioned, we undertook 3 trials as part of the commercialisation process. 

 

In the first trial, we had to develop the method for measuring venous function in the 

leg while patients were walking.  The reason for this was to show that the VenousAid 

Stocking was having a beneficial effect on venous function in the leg while patients 

were walking.  Such a method was also required to compare the ambulatory 

physiological impact of the invention with existing products.  Thus, the first trial was to 

assess whether venous function could be measured while people were walking.  The 

results of the ambulatory method needed to be compared to the standard methods used 

in the clinical setting with patients sitting down or standing up [Nicolaides, 2000 #222].  

Furthermore, as part of this trial we also tested our first prototype of the bladder.  We 

did not have a prototype of the VenousAid cover so we used cotton short-stretch 

bandages (Crinx) instead with our own bladder prototype underneath.   

 

After this trial, Salzmann AG, a Swiss multi-national company, became involved with 

making and testing prototypes.  The second trial was to test the first prototype of the 

bladder sent to us by Salzmann AG.  We used Comprilan® short-stretch compression 

bandages as the cover, while the company worked on the cover’s design.   

 

The third trial was testing the second set of bladder prototypes from Salzmann AG 

using 3 different bladder sizes.  We also compared the effect of these bladder prototypes 

with the cover enclosing and not enclosing the foot.   
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The three trials undertaken during the commercialisation process are outlined below in 

abstract form.  The graphical results are available in the report Development work to 

date in Appendix 10.17.  Page numbers listed with the results for the three trials below 

refer to this report. 

 

10.14.3.9 Trial 1: testing venous function while patients are walking and with 

our prototype 

Introduction:  While we were making our own first prototype of the VenousAid 

Stocking, we were assessing the method of measuring venous function while patients 

were walking.  

 

Aims:  The aim of the trial was to compare the ambulatory method for assessing venous 

function while patients were walking on a treadmill, with standard methods used at rest.   

 

Methods: Fifteen patients (7 females and 8 males) with healed venous leg ulcers from 

the Fremantle Hospital Leg Ulcer Clinic were tested.  Each test was performed 3 times 

for both APG and D-PPG and the mean was taken of each measure of venous function.  

The changes in venous function between standard methods and with walking on a 

treadmill were compared using a Wilcoxon matched pairs signed rank test.   

 

Results:  First, venous reflux improved with walking with a median increase in venous 

refilling time of: 

- 2.6 seconds as measured by the APG (p=<0.01: 5); and 

- 3 seconds as measured by the D-PPG (p=<0.01: 5). 

Second, venous outflow improved with walking in the APG only with a median 

increase in ejection fraction of 20% (p=<0.01: 5).  The venous pump power increased 

by a non-significant amount of only 0.1 % as measured by the D-PPG (p=0.7: 5). 

 

Conclusions: Walking improves venous reflux and possibly venous outflow, hence 

venous function while walking is different from that being measured using standard 

laboratory methods.  Therefore, in order to assess the effect of new compression devices 

meant to exert their benefit during walking, venous function needs to be measured with 

people walking on a treadmill.  Furthermore, it appears that D-PPG and APG are 
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suitable devices for assessing venous function while patients are walking and provide 

similar results. 

 

During this trial, we were concerned about the adequacy of using the Crinx bandages as 

the cover on the leg and over the first bladder prototype because they appeared to 

stretch more than the Comprilan bandages.  Our unease about the accuracy of these 

results meant we omitted to include them in our presentation at a conference [Mattes, 

1996 #348] and to Salzmann AG.  Once we obtained results with an appropriate cover 

(in Trial 2), we made them available to Salzmann AG and later to Smith & Nephew 

Research Ltd (Appendix 10.17). 

 

10.14.3.10 Trial 2: ambulatory assessment of the first prototype from industry 

Introduction:  The first prototype of the bladder was sent to us from Salzmann AG and 

this was tested using two Comprilan® short-stretch compression bandages as the cover 

(while Salzmann AG worked on the cover’s design).   

 

Aims:  To examine whether adding pulsatile compression to short-stretch bandaging 

would improve venous function while walking.   

 

Methods:  Twelve patients (4 females and 8 males) from the Fremantle Hospital Leg 

Ulcer Clinic were tested.  Venous volumes (VV) were calculated using APG.  Venous 

function was assessed using a D-PPG with patients walking on a treadmill:38 

- with nothing on the leg (“skin”); 

- wearing 2 Comprilan bandages with the deflated prototype of the bladder 

underneath (“2C”); 

- wearing 2 Comprilan bandages and bladder inflated with 120ml of air 

(“2C+120ml”); and 

- wearing 2 Comprilan bandages and bladder inflated with 240ml of air 

(“2C+240ml”). 

 

                                                 
38 The abbreviations in parentheses and double quotes are used in describing the results in the report 

Development work to date (Appendix 10.13). 
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The results were compared using a Wilcoxon matched pairs signed rank test.  The D-

PPG result for the last two patients was unavailable as the D-PPG machine was being 

repaired at the time. 

 

Results.  The most significant change was that putting on 2 Comprilan bandages as 

expected reduces the venous volume of the leg from a median of 98ml to 23ml 

(p=0.002, Appendix 10.17: 12).  In addition, venous reflux changed as measured by 

venous refilling time using D-PPG.  The results showed that: 

- venous refilling time after exercise decreased with putting on bandages from 

13.0 to 11.2 seconds probably due to the decrease in venous volume in the leg 

from putting on bandages.  Adding 120ml of air to the bladder increased venous 

refilling time from 11.2 to 18.9 seconds (p=0.051: 11).  Adding 240ml of air did 

not further increase venous refilling time (pp.10-11).   

 

Second, venous outflow as measured by D-PPG showed that: 

- venous pump power measured during exercise compared to measurement while 

sitting improved from 4.1% for skin, to 7.9% for 2 Comprilan bandages, to 

13.5% by adding 120ml of air to the bladder and to 14.1 % by adding 240ml of 

air (p.7). 

- venous pump power after exercise dropped when putting on the two bandages 

from a median of 4.6% to 1.9%.  This was most likely because the venous 

volumes of the leg reduced thereby having less blood to expel from the leg – we 

have observed this in other studies after applying bandages.  This probably leads 

to a decrease in the impact of exercise on the microcirculation of the skin.  The 

venous pump power after exercise compared to sitting measurements improved 

significantly by adding 120ml of air to the bladder (p=0.025) and this 

improvement remained static with 240ml of air (pp.8-9). 

 

When checking relationships between variables it appeared that: 

- venous pump power after exercise decreased as the venous volume of the leg 

decreased when patients were wearing bandages.  When 120ml was added to the 

bladder prototype this relationship remained.  The improvement in venous pump 
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power with adding 120ml of air to the bladder was consistent across all venous 

volumes (p.15). 

- However, the improvement in venous pump power after exercise decreased with 

increasing leg length (as measured from heel to knee) (p.16).  The bladder 

appeared to be less effective in tall people indicating that they required longer 

bladder sleeves. 

 

Conclusions:  Applying two Comprilan bandages to a leg reduces the volume of venous 

blood in the calf, thus resulting in:  

- decrease in venous refilling times; 

- decrease in ejection volume; 

- no significant change in ejection fraction; and thereby 

- decreasing venous pump power after exercise. 

 

Adding a pulsatile bladder to short-stretch bandaging during exercise resulted in: 

- an increase in venous pump power during and after exercise suggesting further 

emptying is occurring in the subcutaneous circulation; and  

- an increase in venous refilling time.   

 

However, introducing 240ml of air does not appear to increase the effect of the pulsatile 

bladder on venous function.  This is the first evidence that the VenousAid Stocking 

appears to have a beneficial effect on venous outflow and refilling times.  This result 

needed confirmation through further physiological studies.  The results also suggest that 

a longer bladder sleeve was needed for taller people.   

 

10.14.3.11 Trial 3: testing the second set of prototypes from industry 

Introduction:  As a consequence of the findings in Trial 2, Salzmann AG sent us new 

bladder prototypes with 3 different bladder sizes.  The second practical issue was 

whether the foot needed to be covered by the VenousAid Stocking.  Because if the foot 

did not need to be covered then it would be easier for patients to wear the VenousAid 

Stocking in shoes.   
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Aims:  To examine whether the foot needed to be covered with short-stretch material or 

could be left free while using the bladder.   

 

Methods:  Eleven patients (4 females and 7 males) who had been involved in the 

previous two trials were tested.  D-PPG was used to measure venous function while 

patients were walking on the treadmill.  The influence of bandages on the calf was 

compared with bandages covering the whole leg (namely the calf and the foot).  

Depending on a person’s leg length they were given the small, medium or large bladder.  

The volume of air added (“vol1” Appendix 10.17: 17-18) was 180ml for small and 

medium sized bladders and 420ml for the large bladder.  Measures of venous function 

were compared between different bandage and bladder configurations using a Wilcoxon 

matched pairs signed rank test.   

 

Results:  First, the impact of pulsatile compression on venous reflux during walking 

was measured using venous refilling time.  Venous refilling time was significantly 

higher (p<0.01: 18), and thus, closer to the normal range when just the calf was 

wrapped up (15.7 seconds) as against the whole lower leg (11.0 seconds).  Second, 

venous outflow with walking was higher (p=0.04) with just the calf wrapped up with a 

venous pump power after exercise of 3.8% as compared to 2.6% when the whole lower 

leg was wrapped up. 

 

Conclusions: The inflated pneumatic bladder appeared more effective when only the 

calf was wrapped up in terms of greater venous pump power and better venous refilling 

times.  This suggests that is not necessary to compress the foot to improve venous 

function with the VenousAid Stocking.  Despite this finding, it may be necessary on a 

practical level to enclose and compress the foot anyway.  By leaving the foot 

uncovered, patients wearing the Stocking for a number of days between dressing 

changes run the risk of the foot swelling with oedema and the resultant chaffing causing 

traumatic ulcers. 
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10.14.3.12 Summary of findings for clinical trials of VenousAid prototypes 

Upon completion, these trials led to the following conclusions:  

- D-PPG and APG can be used to measure venous function while walking on a 

treadmill; 

- pulsatile compression using the inflated bladder had an additional benefit to 

venous function under short-stretch compression bandaging; 

- that the foot did not need to be covered for the non-stretch cover to have a 

beneficial effect on venous function; and 

- larger bladders were needed for taller people. 

 

10.14.3.13 Discussion on clinical trials of prototypes 

This case provides a number of interesting perspectives on systems of innovation.   

First, it provides insight into models of innovation.  Despite the overall aim being to 

develop a device which can be marketed, during its development and the evaluation of 

its physiological effect, there is a constant tension between the cutting edge of scientific 

knowledge (science push) and the needs of patents (market pull).  This is best 

represented by a coupling model of innovation.  Second, the case highlights the 

complexity of resources required for undertaking the testing and development.  These 

include high levels of human capital (e.g. knowledge of science and clinical medicine, 

study design, ability to interact with others), the physical infrastructure (e.g. information 

technology, laboratories, hospital) and the extensive interaction with other staff, 

scientists and patients.  In other words, developing the VenousAid Stocking requires 

human, physical and social capital. 

 

These studies exhibit the benefits of being in a multidisciplinary team, working at the 

nexus between a teaching hospital and a university, examining different facets of 

chronic venous disease.  Such benefits include: 

- economies of scale especially with regard to recruiting and testing patients for 

trials.  We also had highly trained nursing staff available, if required, to assist 

with the studies and quality equipment available to undertake D-PPG and APG 

assessments. 
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- having a colleague, Dr Yang, who was undertaking his PhD at the same time 

and was examining calf muscle pump function, which enabled us to exchange 

ideas and provide support for each other [Yang, 1997 #240;Yang, 1999 #242].  

 

Third, is the tussle between the goals of science and that of the commercial world, a 

conflict between educational and economic institutions.  The benefits for science 

include that in trying to show that the VenousAid Stocking was having a beneficial 

effect on venous function, we had to devise a new method for ambulatory assessment of 

venous function.  It also demonstrated the erroneous nature of the term “ambulatory 

assessment” in the scientific literature pertaining to chronic venous disease.  Rather than 

measuring venous function while patients were walking, the assessment was occurring 

while patients were standing.   

 

Since the routine use of compression bandaging, the healing rates for venous leg ulcers 

have not been improved from around 75% in 3 months [Stacey, 1995 #245].  This 

created a market demand for a further improvement in therapy.  Our invention certainly 

raises the issue of whether pulsatile compression while people are walking would have 

an additional benefit to that of below knee stockings and compression bandages, and 

thus, heal venous leg ulcers faster.  Market demand was pulling science along in terms 

of creating new methods of scientific testing and a new concept for therapy, called 

“pulsatile ambulatory compression”.  

 

As will become apparent, time spent pursuing the commercialisation of the Stocking has 

meant that the results of these trials have not been published.  From a scientific 

perspective there is a need to further assess the accuracy and reproducibility of 

ambulatory assessment of venous function.  In other words, the commercialisation 

process stimulated original scientific questions but simultaneously delayed the 

publication of science. 

 

Furthermore, all of our results were not disclosed to either the scientific community or 

the industry representatives.  We did not present all our results to the scientific 

community in our conference presentations for reasons of commercial confidentiality 

[Mattes, 1996 #348;Mattes, 1998 #351].  Of course for industry representatives we did 

not want to present confusing or conflicting results as that could have distracted from 
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the discussions on further developing the Stocking - particularly when we were using an 

early form of “cover” which appeared ineffective, and hence, we were not convinced 

that the study actually addressed its objectives. 

 

If we had been more focused on the science rather than the commercial aspects of the 

project, then the above studies would have been extended to confirm the observations 

and their results would have been published by now.  The results of the first trial have 

been presented at two scientific conferences with abstracts published in the conference 

proceedings [Mattes, 1996 #348;Mattes, 1998 #351].39  The effect of the 

commercialisation was to decrease the number of presentations and articles produced 

from this research compared to an equivalent amount of research normally undertaken 

in the department.  However, the commercialisation aspect of the thesis did bring up 

new and challenging scientific research questions, presentations and to date two abstract 

publications with more being anticipated. 

 

On another note, it is interesting to observe how some issues were resolved without 

needing a trial.  For example, we decided early on that water or a more viscous fluid in 

the bladder prototype was not going to be acceptable to patients.  As will be discussed 

in the next session, I filled the bladder prototype with air and walked around and then 

filled it with water and walked around again.  Water in the bladder made the prototype 

feel cold and much heavier, and the wave of compression up the leg was perceivably 

slower than when air was put in the bladder.  Thus, I knew immediately that water in 

the bladder was going to be unacceptable and that a more viscous material would feel 

even heavier and more sluggish.  Therefore, the option of using more viscous materials 

in the bladder did not require further testing. 

 

                                                 
39 The former abstract was one of four nominated for the Investigator Award Woundcare at the Australian 

Wound Management Association's National Conference in Sydney in 1996.   
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10.14.4 The origin of the technology (source of invention) 

 

This section examines the origin of the technology and the role of individual inventors 

in its creation.   

 

The original idea for the concept of pneumatic compression of legs emerged during a 

lunchtime conversation between Dr Donald Hicks and Professor Bill Castleden at 

Fremantle Hospital in 1990.  Dr Hicks was the medical superintendent of the hospital 

and Professor Castleden was a vascular surgeon and Head of the University Department 

of Surgery at Fremantle Hospital.  They both approached Professor Stacey who had 

returned the previous year from studying in London to take up a post as senior lecturer 

and vascular surgeon.  He was pursuing research on venous leg ulcers and working 

towards his Doctorate in Surgery.  Together they submitted the first provisional patent 

application on this concept on 4 August 1992 (Figure 10.26).  The listed inventors in 

name order were: 

- Donald George Hicks; 

- Michael Conway Stacey; and 

- William Mark Castleden. 

 

Dr Hicks examined a pneumatic leg splint used in treating fractured legs in the 

hospital’s emergency department.  He went on to buy one and adapt it for use by 

patients.  Unfortunately, he was unable to persuade any patient to wear it.  He also 

approached a number of local plastics manufacturers in the Perth metropolitan area, but 

they were not interested in making such devices at a competitive price.  This halted 

further development of the invention and the provisional patent was allowed to lapse, 

and a complete patent application was not submitted.   

 

The VenousAid Stocking on the original provisional patent was known as the 

“Therapeutic Shoe” and nicknamed “the Boot” by Professor Stacey.  The initial 

prototype was an air-inflated boot surrounding the whole foot and lower leg as depicted 

in Figure 10.26.   
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Figure  10.26: The “Therapeutic Shoe” from the provisional Australian patent 

application PL3936 submitted on 4 August 1992 

 

It is noteworthy that in our review of patents prior to taking out the second provisional 

patent in 1997 (to incorporate new developments of the VenousAid Stocking and prior 

to its disclosure to industry), we found US patent 5,139,475 entitled Medical appliance 

for treating venous insufficiency granted on 18 August 1992 invented by Francis 

Robicsek in North Carolina (Figure 10.27).  By a complete coincidence this was almost 

identical to “the Boot”.  This meant that even if a full patent application of “the Boot” 

had been submitted, a patent was unlikely to have been granted. 

 

 

Figure  10.27: The “Medical Appliance” from US patent 5,139,475 granted on 18 

August 1992 

 

When I spoke to Professor Stacey on 19 May 1993 about my desire to undertake a PhD 

examining the commercialisation of medical technology – he saw an opportunity to 

advance this technology.  Professor Stacey brought up the concept of “the Boot” and 
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during the ensuing discussion the concept was refined down to a bladder with a cover.  

The crucial change we made was changing the bladder from a circumferential device 

around the leg to just a sleeve (Figure 10.28 (c)).  No further work was done until 9 

January 1995, when I started to work on my PhD and met with Professor Stacey to 

discuss making the first prototype of the bladder.    

 

   
(a) (b) (c) 

 

Figure  10.28: Drawings of the lateral (a) and medial (b) aspects of the cover, and 

the bladder (c) of the VenousAid Stocking from the provisional patent application 

PP1995 submitted on 25 February 1998 

 

We agreed that the bladder needed to be made out of flexible plastic, with a tap for 

adding fluid or air.  That afternoon I rang 8 companies listed as manufacturers of plastic 

products in the local Yellow Pages phone directory (http://www.yellowpages.com.au/ 

[20 August 2002]).  All contacted companies made hard plastics using expensive 

moulds.  I asked my father-in-law, who ran his own commercial floor covering 

company, if he knew of any reliable companies making plastics products.  He gave me 

the name of one company and warned me that as a group these companies had a 

reputation for stealing people’s ideas.  One of the contacted companies recommended 

getting in touch with CTV Plastics Welding, which was known to make customised and 

flexible plastic products.  I rang the company and agreed to meet its owner Mr Cuong 

Nguyen the following morning.  CTV Plastics Welding is in Nollamara, an outer suburb 

10 km north of the city of Perth, and is a small family-run business, operating out of 

their backyard garage.  The company mainly made mattresses for waterbeds from 
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Nylex, a vinyl plastic.  Mr Nguyen showed me examples of his products including air 

mattresses and flotation bags used inside canoes.  We discussed his experience with 

various plastic materials and valves he used in making these products. 

 

I wanted to read up more about flexible plastic materials, so I returned to the University 

and borrowed two books on the topic from the Mathematics and Physical Sciences 

Library.  I borrowed my brother’s schoolbooks on physics to find formulae for 

calculating bladder volumes.  After that I drew up the plans for the bladder using my 

own foot as the template (Figure 10.29).   

 

   
 

Figure  10.29: The candidate’s first drawings of the bladder prototype for the 

VenousAid Stocking 

 

I made the assumption that the volume in the bladder sleeve should be the same as that 

under the foot – so that this volume flowed up the sleeve with every step.  These plans 

were faxed to Mr Nguyen the following day.  So by Friday (13 January 1995) the first 

prototype of the bladder was made.  I taped the bladder to my leg and pulled on a 

below-knee elastic stocking, which had been borrowed from the Leg Ulcer Clinic in 

Fremantle Hospital.  I filled the bladder up with 140ml of air.  When I walked around I 

could feel the pulsatile compressions of the leg with each step and the bladder sleeve 
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emptying into the foot portion before the foot hit the ground again.  I was very excited 

as I realised the VenousAid concept appeared to have potential.  When I put water into 

the bladder, it felt heavy, cold and the compression of the leg appeared slower.  This 

meant that we did not need to try any more viscous fluid in the bladder and that 

essentially it appeared that air would suffice.   

 

The first bladder prototype and five others based on the same design were all used 

under bandages for the initial scientific testing of this prototype (as described in Section 

10.14.3.9) before Salzmann AG delivered their first bladder prototype in August 1997.  

Our primary focus early on was on the effect of pulsatile compression on venous 

function in the leg under an inelastic cover.  Therefore, in the beginning we used 

bandages as the cover – Crinx cotton bandages initially which appeared to be 

ineffective, thus Comprilan bandages were applied instead.   

 

There was no impetus to design the cover until we started to approach industry and 

wanted to demonstrate the prototype during our first meeting with industry 

representatives.  We planned to present them with a copy of our development plan 

(Appendix 10.16), our scientific results (Appendix 10.17) and a prototype of the 

VenousAid Stocking.  When Mr Daniel Künzli, the managing director and chair of the 

board of Salzmann AG, was coming to visit our department in late November 1996, we 

went about making a prototype of the cover.   

 

Work on the design of the cover started in earnest on 3 October 1996.  Initially, when 

designing the cover, I asked Dr Yang to model for me while I tried pinning a non-

stretch cotton bed sheet from the Hospital to his leg and then sewed a Velcro strip down 

its length.  Wearing this cover by itself did not provide any compression to my leg. 

After placing the bladder underneath the cover, I could barely feel the pulsatile 

compression, especially compared to wearing it under an elastic stocking.  After a 

search for suitable materials in the occupational therapy department at Fremantle 

Hospital and a number of haberdashery stores in the Fremantle area, I found a black 

elastic material (the shop owner was unsure of the name) made of 66% cotton, 30% 

Rayon and 4% Lycra.  It had the same degree of stretch as Comprilan bandages and felt 

very comfortable and sensuous against the skin.  The material may have been satin 

powernet which is used in making bras and girdles.  On 12 October 1996, when I 
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discussed the issue of design with Ms Kerry Marshall, my wife, who had experience 

dressmaking as a teenager, she recommended drawing a pattern first.  In order to see 

how the different panels of material might be sewn together, we looked at a stocking 

made by Second Skin, a local company making made to measure garments especially for 

burns victims (as will be discussed in Section 10.14.6).  Earlier that year, we had 

ordered a custom made stocking from the company for a patient from the Leg Ulcer 

Clinic.   

 

From this stocking Ms Marshall and I adapted the pattern, as I had Velcro fasteners in 

mind for the lateral side which needed to be pulled backwards through a buckle in order 

to maximise leverage (“35” in Figure 10.28 (a)).  However, once we made the first 

cover with Mrs Maureen Mattes, my mother, we found that the seams were cutting 

through the material and that the degree of compression it afforded was inadequate.  So 

between Ms Marshall, Mrs Mattes and myself, we debated how to fix this and came up 

with the idea of sewing a second layer of the same material but with the uni-directional 

elastic stretch running at right angles, thereby making the two layered material inelastic.  

We decided to do this for the anterior and posterior panels but sewed the second layer 

for the medial panel with the stretch running in the same direction as the original layer 

derby leaving this panel elastic.  This is how the inelastic/elastic panels came to be 

designed.  Once the cover was made, it appeared to afford good compression by itself 

and the pulsatile bladder could be felt just as well, if not better, than under a stocking.   

 

On 6 November 1996, after disclosing our intellectual property to Mr Gary Cox, the 

patent attorney, he took away the prototype cover and bladder to assist in drafting the 

provisional patent application and for the company’s artist to sketch the drawings for it 

(Figure 10.28).  At the time I remember saying “don’t worry too much about the detail 

of the cover that will be something our industry partner will have to work on”.  

Fortunately he did, as this is the only feature of our invention that became patentable.   

 

A year later, after the results of Trial 2 showed that the foot portion did not need to be 

covered for the Stocking to improve venous function, we made a second prototype of 

the cover which wrapped around the calf with the foot portion left open.  It was made 

from neoprene, a material used in making wetsuits, at a local surf shop in Fremantle.  
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The lady at the shop who was our main contact for the prototype, thought we were 

wanting to use it as a shin guard. 

 

Most sources listed in Question 14 of the survey of medical inventors (Section 

10.10.3.2) including work place, literature, patent databases, internet are part of our 

background knowledge which was the substrate upon which we developed the 

invention.  However, none of the listed sources really had an obvious direct influence 

on its creation.  Rather, the ideas and information for the prototypes came from clinical 

experience and knowledge, conversations, medical books, and intuition and by making 

and playing around with the prototype.  Local and personal resources were used 

extensively especially during the early commercialisation phase including within the 

workplace, trusted work colleagues, the inventor’s family, haberdashery stores, surf 

shop, plastics manufacturer and a producer of stockings.  Taking an institutional 

perspective, the source of invention includes tacit and codified knowledge embodied in 

the institution of the family, economics, education and health [Defleur, 1984 #439]. 

 

10.14.4.1 The inventors 

On the second and third provisional patents submitted on 24 February 1997 and 25 

February 1998, the inventors in name order were: 

- Michael Conway Stacey; 

- Eugen Mattes; 

- William Mark Castleden; and 

- Donald George Hicks. 

 

Who are these four inventors?  All 4 inventors are male and hold medical degrees.  

Professor Stacey has obtained a doctorate of surgery (DS) and the three other inventors 

hold masters’ degrees.  Professor Castleden possesses a masters degree in surgery (MS), 

Dr Hicks and I have masters of public health (MPH) degrees.  In terms of clinical 

qualifications Professors Stacey and Castleden are vascular surgeons with Professor 

Stacey having a Fellowship of the Royal Australasian College of Surgeons (FRACS) 

and Professor Castleden a Fellowship of the Royal College of Surgeons (FRCS) in the 

UK.  Dr Hicks has a Fellowship of the Royal Australian College of General 

Practitioners (FRACGP).   
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All of us except Dr Hicks had patient care responsibilities at the time of our 

involvement with the invention.  Professors Stacey and Castleden were vascular 

surgeons working in public and private hospitals.  I was a vascular research registrar at 

Fremantle Hospital from 1992 to 1998 working in a number of surgical outpatient 

clinics including the Fremantle Leg Ulcer Clinic.  From 1995 onwards, I also worked 

part-time as a general practitioner. 

 

All four inventors were employed by Fremantle Hospital, a teaching hospital in Western 

Australia, at the time of their involvement in developing the intellectual property.  Dr 

Hicks was retiring as the medical superintendent of Fremantle Hospital and started to 

work in general practice again in 1991.  Professors Stacey and Castleden were 

employed by the University Department of Surgery and undertaking clinical work at 

Fremantle Hospital and a small amount in private hospitals.  I was employed by the 

hospital and did clinical work for them as well as working in the university department 

of surgery and in general practice.  In other words we were all working in a teaching 

hospital, performing clinical work in the private sector and all except for Dr Hicks were 

also working for a medical faculty in a university. 

 

Professor Stacey has continued working as an academic vascular surgeon.  The other 3 

co-inventors have changed their occupations since their involvement in the VenousAid 

Stocking.  Professor Castleden retired as an academic surgeon in 1998 and is working 

part-time as an avocado grower in Margaret River in the south west of the State and a 

writer.  He has been a political organiser for the advocacy group called Doctors for the 

Preservation of Old Growth Forests.40  Dr Hicks retired as medical superintendent from 

Fremantle Hospital in 1991 and since then has been working as a general practitioner in 

Claremont in Western Australia.  After working as a vascular research registrar I joined 

the general practice training program in 1998 which I am due to finish in 2004 and have 

been working as a research fellow at the Telethon Institute for Child Health Research – 

essentially becoming an academic general practitioner.   

 

                                                 
40 Professor Bill Castleden, co-inventor and retired academic vascular surgeon from the University 

Department of Surgery at Fremantle Hospital who was interviewed by phone on 15 April 2002 
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None of the inventors have worked on any other patents. 

 

Did the inventors have any previous involvement in business?  Professor Stacey had 

been employed as a consultant to the medical industry in Australia and overseas, in 

other words, employed by business in his professional capacity.  He has also run a 

private practice in surgery which involved overseeing secretarial staff and managing a 

business as part of a practice for 3 surgeons.  Professor Castleden, along with another 

vascular surgeon, developed a surgical audit program which was licensed to a Western 

Australian software company in 1985.  Unfortunately, it was not marketed, and made 

modest sales with the resulting royalties barely covering their development costs.  He 

also had been an avocado grower for more than 20 years and before that was involved 

in a farming partnership with his brother in the UK for 5 years.  Dr Hicks grew up on a 

farm, and therefore, had experience of working in a family business.  I had previous 

involvement in business as an unskilled employee doing a number of cleaning and 

clerical jobs as an undergraduate student.   

 

In summary, all 4 inventors listed on the provisional patent were medical practitioners 

with scientific and administrative skills with 2 having had a small amount of business 

experience and Professor Castleden having more extensive prior business involvement. 

 

As was discussed in Section 10.14.4, Ms Kerry Marshall, my wife, and Mrs Maureen 

Mattes, my mother, who were not listed as inventors on the patent but ultimately were 

deemed to have contributed to what was truly novel, and thus, patentable feature of the 

invention (the issue of acknowledgement will be further explored in Sections 10.14.8.1 

and 6.5.2).  What are their backgrounds?  Ms Marshall worked for 2 years as a high 

school teacher of English literature after completing a degree in education.  She went on 

to do a law degree (LLB) and has worked as a barrister and solicitor in family and youth 

law and has been involved in community legal education.  She currently works part-

time as a knowledge resource solicitor in family law for Legal Aid in Western Australia.  

Her position entails updating legal information on a legal resource database, website, 

and precedent system and other written publications in family law.  These materials are 

used by lawyers, paralegals, and others interested in family law, for example, in-person 

litigants.  While studying for her law degree, she worked part-time managing the 

accounts of her father’s commercial floor-covering company, and thus, has a good 
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understanding of the pressures of small business, especially from a financial 

perspective.  My mother has worked for 10 years as a double certificate nurse (general 

and obstetric nursing) in rural and urban settings in Australia and in Canada, before 

retiring to raise 10 children.  It was their skills in dressmaking that prompted me to 

approach them about making the cover.  The two unlisted inventors were professionals, 

with one having had substantial business experience.   
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10.14.5 Developing and testing the technology 

 

The early phase of development, apart from the aforementioned scientific assessment 

(Section 10.14.3), involved patenting, market research and drafting a development plan. 

 

10.14.5.1 Should the invention be patented? 

Whether to patent the invention was one of the biggest issues in our case.  Professor 

Stacey and I felt that a patent is a tangible and circumscribed description of the 

technology, convenient for negotiating with companies.  However, the cost of patenting 

internationally was too prohibitive to undertake by ourselves.  This is the reason we 

resubmitted the provisional patent application three times.  Each resubmission meant 

any previous public disclosure would prevent the technology from being granted a 

patent – we hoped that the non-disclosure agreements and the calibre of the companies 

that we were dealing with meant that the intellectual property was protected.  The other 

issue was whether the intellectual property entailed enough of an inventive step for a 

patent to be granted. 

 

Patenting would make the intellectual property publicly available, and thus, we ran the 

risk of exposing ourselves to imitators.  Some companies are known to breach patent 

rights when their owners are thought to have insufficient capital to mount a legal 

challenge to defend it.  Also given the simple nature of our technology, applying for a 

patent meant that we were more open to having the patent challenged.  This would incur 

further costs in prosecuting a legal defence.  The other option was to license the 

technology instead and keep it as a “trade secret”.  Mr Künzli from Salzmann AG put it 

succinctly in a fax on 7 March 1997:   

 

We still think that it is a waste of money to patent such a device and that this 

amount better would be invested in a worldwide marketing plan.  A trademark 

of course would be very important for a successful marketing of the product. 

 

Both Mr Gary Cox, our patent attorney from Wray and Associates and our University’s 

Legal Services Office advised us, that even if a complete patent application does not 
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end up being granted, it is still worth submitting one or more provisional patent 

applications to clearly define the intellectual property being negotiated with industry.  

The additional benefit is having the initial technology protected just in case there are 

subsequent novel developments suitable for patenting.  These would require additional 

provisional patent applications which could all be incorporated in a complete patent 

application at the end of the year.  From our perspective, applying for a provisional 

patent was very beneficial as it meant we had thoroughly examined the technology’s 

prior art.  This helped: 

- in our discussions with industry regarding the technology’s patentability, as we 

were cognisant of the strengths and weaknesses of the prior art; and 

- when signing confidentiality agreements with industry, as our technology was 

clearly defined in the patent application. 

 

10.14.5.2 Is the VenousAid Stocking patentable? 

The second major question regarding patenting was whether this technology was able to 

be patented?  Answering this question obliged us to determine the technology’s novelty 

by reviewing the prior art related to the Stocking to ensure that it had not been 

described before, such as in a patent or printed publication, and that it was “nonobvious 

to a person having ordinary skill in the area of technology related to the invention” 

[USPTO, 2003 #347: 4].  The invention also needed to be “useful” and to “operate to 

perform the intended purpose” (p.4).  Through the construction and scientific testing of 

the prototype, we had already determined its usefulness and a method for its 

construction.  The main outstanding issue was ensuring the invention was novel.  This 

required a rigorous review of the technology’s prior art which is briefly described in 

this section.  Most of the following figures are taken from patent applications or granted 

patents.41   

 

Searches were conducted on two databases for the prior art related to the VenousAid 

Stocking.  In an effort to save costs, I undertook these searches in lieu of our patent 

attorneys.  First, the Derwent patent database42 was delved into for relevant patents 

                                                 
41 Features of each figure from granted patents are numbered.  These were technically difficult to delete, 

and hence, should be ignored unless otherwise indicated.   
42 Website http://www.derwent.com/ [6 April 2002]. 
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from 40 patent issuing authorities worldwide including the European Patent Office.  

Second, Medline [US National Library of Medicine, 1994 #66] from the US National 

Library of Medicine, which is the most comprehensive bibliographic database of 

scientific articles in medicine, was examined.  It would have cost us around AUD$1500 

to AUD$2000 to have a thorough search of the prior art undertaken by our patent 

attorneys.  My search was summarised for the patent attorneys who used this as the 

basis for their initial review of the prior art in December 1996.  However in the end, due 

to our uncertainty about the quality of my search, we capitulated and asked our patent 

attorneys to do their own search which they summarised in January 1997.  Below is a 

brief discussion meant to highlight the main findings.  It is not a comprehensive review 

of the prior art of our invention.   

 

Despite our initial hopes, the patent attorneys felt that the bladder part of the invention 

was not original because the essential features had been described in two previous US 

patents.  US patent 4,502,470, granted in 1985 to its inventors John Kiser and Vernon 

Griffith from Kansas, contained our fundamental ideas but with a number of conceptual 

flaws.  Their patent was entitled Physiologic device and method of treating the leg 

extremities and the device was marketed as ProFlo.43  This device fits under the heel 

and up one third of a person’s calf.  As can be seen in Figure 10.30, there is a bladder 

on the foot portion and this extends up both sides of the device.   

                                                 
43 See http://www.brownmed.com/Products/StoreProductDetail29.cfm?StoreProductId=56 [8 April 2002] 
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Source of photo: http://www.brownmed.com/Products/ [8 April 2002] 

Figure  10.30: ProFlo, a product from Brown Medical Industries, and its related 

drawings from their US patent 4,502,470 

 

When I put the marketed product on my leg, the volume of fluid was so small that there 

was no perceptible compression of the lower calf.  The other problem was that the 

device does not cover the upper two thirds of the calf nor does it enclose the foot.  

These uncovered parts in patients with venous disease would swell, causing chaffing of 

the skin at the product’s edge, leading to additional traumatic ulcers.  A worst-case 

scenario would be for such a person to have concurrent arterial disease in the leg 

resulting in poor blood flow in the arteries.  The design flaws could lead to swelling of 

the leg with the device strangling the leg and causing the person to develop gangrene of 

the leg, necessitating its amputation.   
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The second patent described pneumatic compression of the ankle.  This was US patent 

5,348,530 granted to the Royce Medical Company in Camarillo, California in 1994 and 

entitled Pneumatic ankle brace with bladder and pump arrangement (Figure 10.31).  

The brace had the same fundamental flaws as ProFlo. 

 

 

 

 

 

Figure  10.31: Drawings of the pneumatic ankle brace from US patent 5,348,530 

 

Despite the functional problems with the prior art related to the bladder, in his review of 

9 December 1996, Mr Gary Cox, our patent attorney stated the following. 

 

Your invention possesses one arm (extension) whereas as the prior art bladders 

possess two arms.  Prima facie, such a difference appears small.  Please comment 

on whether such a difference contributes materially to the way in which your 

bladder works.  In the event that such a difference does not have a material effect 

on the working of your invention we do not believe that you will be able to seek 

separate patent protection for this aspect of your invention. 

 

What about the prior art relating to the cover of the VenousAid Stocking?  There were 

three US and two German patents considered most important in terms the cover’s prior 

art (Figure 10.32).   
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1. US 2,694,395 entitled Pneumatic 

pressure garment granted in 1954 

 
2. US 4,624,244 entitled Device for aiding 

cardiocepital venous flow from the foot 

and leg of a patient granted in 1986 

 

 
3. US 5,520,630 entitled E-Z leg supports 

granted in 1996 

 
4. DE 4230165 entitled Compression 

sleeve for treating human leg varicose 

symptom complex - comprises, thin, 

elastic, rubber membrane or nylon weave 

which is held open in long side and 

variably closed by Velcro strips granted in 

1994 
 

5. DE 4419287 entitled Pressure bandage 

for human legs for varicose veins granted 

in 1995 

 
 

Figure  10.32: Three US and two German patents considered most important in 

terms of the prior art related to the cover of the VenousAid Stocking 
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None of the depicted patents, however, describes the features of our cover, the 

elastic/inelastic material and adjustable Velcro straps using a buckle/loop arrangement.  

The first US patent 2,694,395, issued in 1954, describes the use of a stocking and 

bladder arrangement.  The bladder encircles the leg and was not in an L-shaped 

arrangement as the VenousAid Stocking.  The stocking is zipped up and tightened by 

means of an adjustable lacing system.  The second US patent 4,624,244, from 1986, 

again is a stocking and bladder arrangement with the stocking made of a flexible 

material and held by Velcro straps without our buckle/loop configurations.  The third 

US patent 5,520,630 from 1996 describes an elastic stocking tightened by means of 

Velcro, again without the buckle/loop arrangement.  The German patents DE 4,230,165 

and DE 4,419,287 from 1995 and 1996 describe an elastic stocking fastened by Velcro 

fasteners using a buckle configuration.  It does not describe an inelastic/elastic cover 

nor an internal bladder. 

 

Mr Cox concluded his review saying: 

 

None of these documents, however, teach both the essential features [of the 

cover] identified above or the interrelationship between those features.  Thus, 

they do not destroy the novelty of your invention when it is limited to these 

features. 

 

In the end, it was ironic that the pneumatic bladder and the associated pulsatile 

compression it generated, which was at the heart of our aspirations for a patent and a 

therapeutic benefit, may not have been patentable.  This is despite the conceptual flaws 

in the prior art which would have created problems for patients with chronic venous 

disease, especially those with concurrent arterial disease of the leg.  Instead it was an 

aspect of cover design that was made one night between Ms Marshall, my wife, and Mrs 

Mattes, my mother, and myself that ends up being truly novel.  It was the combination 

of stretchable and non-stretchable portions in the cover and their arrangement relative to 

the fastening straps (which may be tightened by the use of a buckle/loop arrangement) 

that was deemed to be a likely inventive step.  The patent attorneys were of the opinion 

that this interrelationship had not been previously described.   
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This project has demonstrated the unpredictability of the source of invention which ends 

up worthy of a patent.  It is also apparent that a number of inventors have been 

considering novel methods for compressing the calf.  However, the devices depicted 

above appear very cumbersome, are unlikely to find patient acceptance and some could 

have caused serious clinical complications for patients.  Given there are no widely used 

or successful products on the market, it appears no-one has yet developed an effective 

ambulatory pneumatic compression device. 

 

A fundamental question is whether we should have made an early investment in a 

comprehensive patent search and a search of the medical literature before proceeding 

with making and clinically testing the prototype.  In such a scenario, we may not have 

decided to pursue the development of the technology.  However, getting a patent was 

not our only strategy.  In the end, keeping the invention a trade secret and using a first 

to market strategy may have been the best way forward.  Professor Stacey and I knew 

from our clinical work that there was no quality ambulatory compression device on the 

market and felt that there was a real potential to fill this market niche.  Professor Stacey 

was also cognisant that the related medical literature had not seriously examined the 

ambulatory compression concept.  In addition, if we had not moved forward with the 

development, we would not have come up with the novel design for the cover.  

 

10.14.5.3 The patenting process 

Each of 3 provisional patents was allowed to expire twelve months after their 

submission on 4 August 1992, 24 February 1997, and 25 February 1998.  They have 

been part of two confidentiality or non-disclosure agreements with industry and one 

with Ms Yvonne Vandongen, Research Associate, of our department. 

 

The reason for allowing the provisional patents to lapse and to be resubmitted was 

chiefly our reluctance to pay the cost of international patent protection.  The 

University’s preferred policy was for a commercial partner to bear the cost of such 

patent protection.  For Professor Stacey and I to cover these patent costs would have 

incurred significant personal debt.  If such protection was extended to the US, Europe 

and economically significant Asian countries, it would have cost us between 

AUD$60,000 and AUD$250,000 (as advised verbally by our patent attorneys).  We 
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were unwilling to proceed, as we were uncertain about the commercial prospects of the 

invention.  Along with the University, we were keen for the company who was to 

commercialise the invention to pay such patenting costs.  This supports the finding of 

the survey of medical inventors, where one of the strong determinants of innovation was 

whether the inventor had invested their own finance in the commercialisation process.  

 

Officially we sought advice from patent attorneys mainly on the viability of patenting 

the VenousAid Stocking.  In order to minimise costs, I did the patent search through the 

University library and provided a list of patents related to the technology incorporated 

in the Stocking to the patent attorneys.  They drew up a report advising us of the 

patentability of our technology.  The patent attorney did their own literature and patent 

search for the prior art and their own final summary of the viability of patenting the 

device.  We were concerned, however, with containing the costs of patenting.   

 

Moreover, we did think about seeking advice, independent of the University, from an 

intellectual property lawyer who had given lectures at law school, which my wife had 

attended, and she knew him to be an excellent lawyer.  He was working for a prominent 

local law firm, and unfortunately, it would have cost us around AUD$300 per hour – 

which discouraged us from seeking his advice about intellectual property protection and 

whether to assign our intellectual property to the University.  This was before the 

changes to the intellectual property regulations, which convinced us to assign our 

intellectual property to the University (see Section 10.14.8.1). 

 

These issues highlight the importance of inventors in public institutions with limited 

funds to pay for advice from patent attorneys, lawyers and experts in commercialisation, 

having access to quality advice from people without a vested interest in the technology. 

 

10.14.5.4 Market research 

There is no central source of information on markets as far as we are aware.  We used 

two publications to assist in calculating the size of the potential market for the 

VenousAid Stocking (see Appendix 10.16).  First was an obscure publication from the 

Office of Health Economics in the UK [Laing, 1992 #150], which Professor Stacey had 

on his bookshelf because he was on a mailing list as a consequence of his research in 
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chronic venous disease.  This booklet contained data on the prevalence of leg ulcers and 

on the size of the elastic stocking market in the UK, which was £10 million in the 1990-

91 financial year.  The second publication was a study on the prevalence of leg ulcers in 

Western Australia led by Professor Stacey [Baker, 1992 #151].  Using these relatively 

simple data, we made a rough calculation of the potential market for the VenousAid 

Stocking in Australia.  Using world population estimates from the internet44 and data on 

leg ulcer prevalence we were able to extrapolate our estimates for Australia to calculate 

the potential international market – primarily in the developed countries of Europe, 

North America, South Africa and Japan.  Many tenuous assumptions were made, which 

easily could have over or underestimated the size of the market for the VenousAid 

Stocking.  We tried to be conservative in our estimates, both to be realistic about the 

market size and to communicate to industry a sense of being measured in our approach.   

 

The estimated size of the Australian market was 71,600 pairs of VenousAid Stockings 

every year.  My initial reaction was that the Australian market was small or “poor”.  

However, upon translating this figure into sales – it was potentially a sizable market.  

Retailing at AUD$90 a pair, the Stocking would generate annual sales of 

AUD$6,444,000 in Australia.  The approximate size of the overseas market was 1.5 

million pairs per year which at the same price would produce sales of around AUD$150 

million dollars.   

 

Thus, our market research (see Appendix 10.16: 8-10) was based on data from 

publications [Laing, 1992 #150;Baker, 1992 #151], the internet45 and data from a 

stocking trial [Vandongen, 2000 #154] that we were undertaking at Fremantle Hospital.  

Our access to this data was primarily because of Professor Stacey’s involvement in leg 

ulcer research.   

 

Also through testing prototypes, we could sense that patients were interested in new 

treatments and from our clinical experience in treating people through the Leg Ulcer 

Clinic at Fremantle Hospital, we had a good idea of the current products in the market 

                                                 
44 http://www.worldonline.nl/~q/world/qpop.html [23 October 1996] 
45 Data on world population available at http://www.worldonline.nl/~q/world/qpop.html [23 October 

1996] 
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place and what would be acceptable to patients with leg ulcers.  So even though we did 

not undertake formal market research, we had a fairly good idea of the market and its 

products.   

 

It is interesting to note that this data on marketing in our development plan was referred 

to again and again by Salzmann AG during our discussions with them.  Given that they 

have their own data on this market from sales figures of their below-knee stocking 

called Venosan, suggested that they felt our roughly calculated figures were close to the 

mark. 

 

10.14.5.5 Development plans 

The Development plan for the VenousAid Stocking was probably the most important 

document in the commercialisation process (Appendix 10.16).  This helped us to focus 

on the commercial aspects of the invention, especially related to marketing, and not just 

its scientific characteristics.  This meant that we had a common ground with industry 

representatives and knew some of the language and issues of interest to industry.  It 

also, I think, gave us a degree of credibility or “street cred”.  Prior to drafting our 

development plan, I downloaded a number of business plan templates from the internet 

and adapted them to our needs.   

 

10.14.6 Approaching and working with industry 

 

When we were considering which companies to approach with regard to 

commercialising our invention, we had a list of four companies that we thought of 

approaching namely Salzmann AG, Smith & Nephew Research Ltd, Beiersdorf AG in 

Germany46 and Johnson & Johnson in the US.47  The choice of these companies was 

based on a combination of our existing relationships with them, and the quality of their 

products and their reputations.  Professor Stacey had an existing relationship with the 

first two companies and held them in high regard.  The last two companies were less 

known to us, but also had good reputations.   

                                                 
46 http://www.beiersdorf.com/ [1 April 2002] 
47 http://www.jnj.com/ [1 April 2002] 



 

 

278

 

When we were looking for an industry partner, we had difficulty finding an Australian 

company that had the relevant expertise and access to markets.  We did consider a local 

Perth-based company called Second Skin as a potential manufacturer.  The company 

produced made-to-measure pressure garments for the local market predominantly for 

people recovering from burns or with lymphoedema or peripheral oedema.  These 

garments included custom made stockings.  Second Skin is a small company with 

essentially a local market.  The company did not have the means to mass produce 

products or market and distribute them for an international market.  It would have 

required a massive effort to build up the company and to develop its international links 

for marketing and distribution.   

 

We were not aware of any other Australian company that manufactured compression 

garments for a worldwide market.  This awareness was primarily founded on our 

knowledge of products on the market, rather than on a formal search for Australian 

companies with appropriate manufacturing and marketing abilities.  Thus, in answering 

Question 38 of the survey of medical inventors, I am unable to pass comment on the 

industry in Australia including the quality & experience of personnel, the cost of 

labour, their production facilities, their industrial R&D facilities, and their link with 

universities. 

 

10.14.6.1 Salzmann AG 

We choose to approach Salzmann AG about developing the VenousAid Stocking 

because of our prior links and understanding of the high calibre products of the 

company.  By way of example, we only supply Venosan stockings to our patients in the 

Leg Ulcer Clinic at Fremantle Hospital, because of their high quality.   

 

Professor Stacey had been to visit Salzmann AG in the lead up to a large randomised 

controlled trial comparing the recurrence of venous leg ulcers between patients who 

wear a Venosan stocking as against those that do not [Vandongen, 2000 #154].  The 

trial started in 1991, and is due to conclude in 2003.  On the basis of this fairly 

extensive contact, and because of the high level of mutual trust, we approached 

Salzmann AG first.   
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For Salzmann AG, the VenousAid Stocking would have extended their market for 

products used to treat venous leg ulcers, and swelling of the legs – their only product in 

these markets was Venosan.  Our Stocking could have extended their market providing 

compression for patients unable to put on a stocking due, for example, to arthritis.  On 

the downside, it may have replaced a segment of their elastic stocking market. 

 

Salzmann AG is a multinational company based in St. Gallen, Switzerland, which was 

founded in 1895.48  Salzmann AG is primarily a partnership (a private company) with 

subsidiaries in Germany, Spain, USA and Brazil.  It has thousands of employees – how 

many we do not know.  As it is a private company and not listed on a stock exchange, it 

was more difficult to find information about its structures and financial status.  I would 

have initially classified it as a medical technology company but it probably is really 

somewhere between a medical technology and a textile company.  It is a company that 

makes medical instruments and commodities including bandages, orthotics and splints 

for both upper and lower limbs.  Its most successful product is the Venosan medical 

compression stocking with worldwide manufacturing facilities.49  The quality of the 

product stems from the company’s innovative yarn and hosiery knitting technology.  

The company regards itself as the leading manufacturer of specialised elastic yarn.  

Venosan stocking is made in Switzerland, Germany, Spain, US and Brazil.  It is sold 

through medical product distributors throughout the world.  They have received an ISO 

9001 certification after meeting management standards set by the International 

Organization for Standards.50  ISO 9001 is known as a generic management system 

standard, which represents the company’s ability to meet customer and regulatory 

requirements, and thereby, address customer satisfaction.  As inventors working outside 

the auspices of the company, we had a limited understanding of our industry partner.   

 

Salzmann AG was probably keen to run with the commercialisation project because of.  

- its longstanding relationship with Professor Stacey and his standing in the 

scientific community; 

- the quality of our development plan; 

                                                 
48 http://www.salzmann-group.ch/ [15 January 2002] 
49 http://www.venosanonline.com/about.shtml [15 January 2002] 
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- our ability to test the device clinically; and  

- our ability to assist with marketing the device.  

 

To assist us in approaching industry Ms Yvonne Vandongen, a research associate in our 

department, joined the project.  She was running a number of clinical trials in the Leg 

Ulcer Clinic at Fremantle Hospital sponsored by pharmaceutical companies and had 

extensive experience managing such projects and their associated relationships with 

industry.  To begin our approach to Salzmann AG, Professor Stacey, Ms Vandongen 

and I met Mr Paul Grove from Trimed Australia Pty Ltd.  He is the marketing manager 

for Salzmann AG in Australia and a number of South East Asian countries.  He was 

known to be close to Mr Daniel Künzli, the managing director and chair of the board of 

Salzmann AG.  Professor Stacey had known Mr Grove for 8 years.  Mr Grove had a 

long standing relationship with many staff members of the Leg Ulcer Clinic, as we were 

one of the main purchasers of Venosan in Australia.  He had visited the Clinic on a 

number of occasions, and a staff member from the clinic usually caught up with him at 

international wound care conferences.  He has his own medical product distribution 

company based in the UK (Credenhill Pty Ltd).  

 

Once we had the initial results from Trial 1.  I presented these at the National 

Conference of the Australian Wound Management Association in Sydney on 24 

February 1997.  While at the conference we met up Mr Grove.  We indicated to him that 

we were developing a new form of below knee compression and outlined what its 

potential application might be.  Mr Grove mentioned that Salzmann AG were looking 

for innovations in below knee compression.  He said he would talk to Mr Künzli and 

would try to arrange a meeting between company representatives, himself and our team.  

Mr Künzli contacted Professor Stacey on 8 March 1996 to indicate he would be coming 

to Australia in late 1996 and that he would like to meet us.  In order to go ahead with 

the meeting we had to: 

- draft a development plan (Appendix 10.16); 

- complete and submit the second provisional Australian patent (No. PO5262) 

entitled “Therapeutic Ambulatory Compression Stocking” which was lodged on 

the 24 February 1997 (Appendix 10.15); 

                                                                                                                                               
50 http://www.iso.ch/iso/en/ISOOnline.frontpage [15 January 2003] 
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- organise for legal agreements – a development agreement between Salzmann 

AG and the University and an agreement between the inventors and the 

University to assign the intellectual property to the University;  

- design and construct a prototype of the cover to go with the bladder prototype in 

order to have a basic working prototype of the concept for presentation; and  

- develop a method for measuring the effect of the device on venous function in 

the leg; 

- organise the slides for our presentation of the technology to the company; and 

- arrange for Salzmann AG to sign a confidentiality agreement prior to disclosing 

our technology. 

 

Mr Künzli was due to meet us on 27 November 1996 but at the last minute was not able 

to come because of a family emergency in Switzerland.  In order to maintain pressure 

and interest, we indicated in a letter that we wanted to present the technology to them 

first but that other companies were also interested.  So the meeting was rescheduled to 

28 February 1997.  The night before Professor Stacey, Ms Vandongen and I met with 

Mr Künzli and Mr Grove at the Trigg Island Cafe Restaurant and after dinner everyone 

was handed a bound copy of the development plan (see copy in Appendix 10.16).  The 

meeting was held in the seminar room at the University Department of Surgery at 

Fremantle Hospital.  Professor Stacey introduced the concept of the VenousAid 

Stocking.  I had been wearing the prototype of the device unbeknownst to the visitors.  

So at the end of the introduction, I got up saying that I’d been wearing the device and 

then proceeded to demonstrate its function before taking it off and showing its 

components.  This appeared to generate immense interest with Mr Künzli asking me 

questions like “how does it feel on the leg?”, “does it fit in the shoes OK?”, “can I feel 

the Velcro fasteners?”.  Once the questions dried up, Professor Stacey continued 

describing the final product, its applications, the advantages and disadvantages of the 

design, how to measure its physiological effect and our results to date, the potential 

market and competitors, outstanding design issues and a possible timetable for 

development.  After this presentation, they were given a tour of facilities in the 

University Department of Surgery, in particular of the Vascular Laboratory and the Leg 

Ulcer Clinic located in Fremantle Hospital.  Later, we all proceeded to the University’s 

main campus to meet with the University’s legal representative to discuss intellectual 

property issues and to outline the basis for a development agreement.  Mr Künzli and 
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Mr Grove kindly offered to give Ms Vandongen a lift to the meeting.  Unbeknownst to 

Professor Stacey and I, during the car journey they proceeded to quiz her in detail about 

her thoughts about the technology.   

 

In order to undertake the development of the Stocking we were asking for 

AUD$130,000 (Appendix 10.16: 21).  Salzmann AG wanted to reduce the amount of 

money they paid us from AUD$130,000 to AUD$13,000 in exchange for the University 

receiving a greater share of any future sales.   

 

The board of Salzmann AG, meeting in St Gallen Switzerland, agreed to go ahead with 

development on 10 April 1997.  Mr Edi Brack, a retired manager of the company who 

was still a board member of Salzmann AG, was put in charge of this development 

project.  He rang me up on 17 July 1997 out of the blue to ask about the technology.  

His concerns were whether it was essential for the Stocking to compress the whole calf 

and not just the lower half of the calf.  I explained the potential for complications by 

just compressing the lower calf including traumatic ulcers.  I found having phone 

discussions with Mr Edi Brack was helpful in understanding the imperatives of industry 

and helped me to emphasise the core concepts of how the VenousAid Stocking was 

meant to function.  He found speaking English burdensome, and so was pleasantly 

surprised when he found out I could speak Swiss German.  This appeared to facilitate 

the flow of our conversation. 

 

He organised a set of bladder prototypes from Walser AG,51 which we went about 

testing through the Leg Ulcer Clinic at Fremantle Hospital after they arrived on 13 

August 1997.  They also provided AUD$13,000 of financial support.   

 

The board of Salzmann AG decided on Monday 22 September 1997 to pull out of 

developing the VenousAid Stocking.  Two days later Mr Künzli met Professor Stacey 

in London.  They were meant to discuss the initial set of results from testing the first 

prototype of the bladder from Salzmann AG.  Instead Mr Künzli informed Professor 

Stacey of the reasons for their decision which included: 

                                                 
51 http://www.walser-ag.ch/  [1 April 2002] 
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- the realisation that development would take longer and cost more than they 

initially appreciated; 

- that the cover of the VenousAid Stocking was going to be very difficult to make 

especially the foot and ankle portions; and 

- that marketing and distributing the VenousAid Stocking would be difficult with 

their current sales personnel.   

 

Salzmann AG had a well-trained and well-established international workforce of sales 

representatives for the Venosan Stocking.  Each sales representative was responsible for 

one country.  Their success was based on long term personal relationships with medical 

and nursing professionals who prescribe stockings for their patients.  The sales 

personnel were not trained in establishing new markets and apparently did not have the 

depth of knowledge about venous disease to be able to explain how the VenousAid 

Stocking would work.  Thus, Salzmann AG felt that their workforce would require 

substantial training in venous physiology and on how to build new markets in order to 

sell the VenousAid Stocking.  The other alternative was to build a new marketing 

workforce.  Either way, this would have incurred sizable additional marketing costs. 

 

Salzmann AG made a decision that was based on trying to grapple with the technology.  

By having taken it on board and then realising the difficulties they would have 

developing it, was probably one of the best commercial assessments a technology could 

have, as it was taken into the core of the decision making process of the company.  

Understandably at the time we all felt very upset.  We continued with the development 

by approaching Smith & Nephew Research Ltd. 

 

The distance between Australia and Switzerland delayed our meeting with Salzmann 

AG by at least 6 months.  In addition, it meant dealing with issues over the phone 

whereas it may have been worthwhile to undertake our development work with 

Salzmann AG in Switzerland.  It would have been invaluable to learn the different 

aspects of making their products, including their designs, materials, and manufacturing 

processes.  It may have given us ideas about other approaches to addressing the problem 

of increasing compression of the leg, while people were walking.  It may have resolved 

the issue of the commercial viability of the VenousAid Stocking at a much earlier stage 

and saved us time to pursue other commercial avenues. 
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10.14.6.2 Smith & Nephew Research Ltd 

Smith & Nephew Research Ltd had a reputation for dealing well with medical 

practitioners who approached them with inventions.  Professor Stacey had frequent 

contact with Mr George Drewery and Mr Mark Richardson in Smith & Nephew Group 

Research Ltd located in York in the UK.  Professor Stacey and Ms Vandongen went to 

the UK and on 18 November 1997 presented the technology in a similar way that we 

had to Salzmann AG.  Smith & Nephew Research Ltd had products in all our proposed 

markets for the VenousAid Stocking except for patients who were unable to apply 

elastic stockings.  The company representatives which included Mr George Drewery, 

Mr Bill Pigg and Mr Mark Richardson from the company’s Woundcare research 

program said that they were very impressed with the presentation and our development 

plan.  Emails were exchanged over the next two months deliberating over a number of 

patenting and technological issues.   

 

However, in the end they decided not to pursue the development of the technology with 

an email from Mr Bill Pigg on 9 February 1998 stating “we do not feel that we can take 

this development forward”.  Smith & Nephew Research Ltd were not interested in 

pursuing development because they were already looking at new products in this 

market.  Prior to the meeting with them, their lawyers had carefully examined the non-

disclosure agreement.  This supports their assertion that they were working on related 

technology, and thus, did not want the confidentiality agreement to cover technology 

they had in their development pipeline. 
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10.14.6.3 Outcome of invention (Q18) 

What was the outcome of the invention?  This was the core question of the survey as it 

asks about what the outcome was of the commercialisation process.  We had drafted a 

business plan, undertaken market research, had tested a prototype, our industry partner 

was found and now lost, and a potential second industry partner decided not to proceed 

with development.  Little has happened with the VenousAid Stocking since Smith & 

Nephew Research Ltd decided not to proceed in February 1998.  There have been a 

handful of additional discussions between Professor Stacey and myself about possible 

avenues for further development.  However, neither of us have had the time to devote to 

the project.  We both realise that in order to succeed, the VenousAid Stocking would 

have to be as light as but easier to apply than below knee elastic stockings.  Professor 

Stacey and I both were developing the prototype together but he had the final say in any 

decisions.  Since leaving the department in 1999 to undertake training in general 

practice, he has had full carriage of the project. 

 

In the end, the commercialisation process was a good learning experience for all the 

people involved namely Ms Vandongen, Professor Stacey and myself.  We now have a 

better understanding of commercialisation and the relevant medical industries which has 

helped my academic career in gaining a research fellowship and in understanding the 

economic policy aspects relevant to my interest in social epidemiology. 

 

10.14.7 Themes related to the survey of medical inventors 

 

This section examines a number of themes in the commercialisation process which are 

reflected in the survey of medical inventors.  These include examining the sources of 

information, and estimating the cost of commercialising the invention and its sources of 

funding.  It will also cover government programs used during the commercialisation 

process, the factors that aided and constrained the process, issues to do with discussions 

with the industry partner, the reason for choosing country of manufacture, how the 

invention could have been made in Australia and about improving the 

commercialisation of Australian medical inventions arising within a university.  The 

title of each section refers to the relevant question in the questionnaire (Appendix 10.9) 
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10.14.7.1 Sources of ideas or information for commercialisation (Q14) 

When I needed information or advice on a topic I would: 

- search the internet using either the Dogpile (http://www.dogpile.com/) or 

Google (http://www.google.com/) search engines such as when looking for 

template of a business plan; 

- talk to my wife who is a practising lawyer.  She not only was a sounding board 

but also gave me unofficial advice on legal issues such as confidentiality 

agreements and other issues arising during the commercialisation process; and 

- write to my brother, who is an accountant in Switzerland, asking him for 

example, to find information on the financial status of Salzmann AG.  Through 

statutory reporting requirements, he was able to find out that in 1997, Salzmann 

AG was a partnership with assets worth AUD$5.2 million and liabilities of 

AUD$4.1 million – making Salzmann a very small company on paper. 

 

We also sought advice from local patent attorneys and also thought about obtaining 

advice from a local intellectual property lawyer.  In the beginning, while the 

relationship with the legal representative at the University was going well, I used email 

or would ring up for advice.  However, once this relationship had deteriorated to the 

point that I had to send a letter sent to Pro-Vice Chancellor (Research) requesting legal 

documents prior to the visit of Salzmann AG, this source of advice was no longer used 

by us.  In addition, when seeking ideas for making prototypes I sought materials from 

within the hospital, local shops and local manufacturers.  In other words, we sourced 

advice about materials and commercialisation issues locally.  Social networks both 

within our families, our circle of acquaintances, and our profession were important in 

facilitating the commercialisation process.  In other words, our social 

interconnectedness (social capital) played a vital role, as did our access to physical 

infrastructure like information technology. 

 

10.14.7.2 Cost of commercialising invention (Q16) 

What was the cost of commercialising our invention?  When estimating the costs of 

commercialisation, while completing Question 16 in the questionnaire used in the 
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survey of medical inventors, without performing any calculations, I thought it had cost 

around AUD$30,000. 

 

The costs directly related to making prototypes are straight forward to work out.  

However, costs associated with testing the prototype and the time spent by Professor 

Stacey and I on the project, are more difficult to determine.  The following cost 

estimates are not adjusted for increases in the consumer price index. 

 

Payments for developing the prototype amounted to AUD$490 in total and included: 

- Mr Cuong Nguyen – five bladder prototypes AUD$80; 

- Mrs Maureen Mattes – two cover prototypes AUD$120; 

- materials for the cover prototype including Velcro, satin powernet cloth, and 

metal and nylon D-rings AUD$40;  

- a surf shop - two cover prototypes made of neoprene AUD$150; and  

- a customised below knee stocking for one patient AUD$100. 

 

The cost of patenting as charged by patent attorneys Wray and Associates was 

AUD$4,015 and include the cost of: 

- original patent application in 1992 AUD$790; 

- reviewing and reporting on patent search results AUD$1,649; 

- drafting the 2nd provisional patent AUD$1,100; 

- submitting provisional patent AUD$80; 

- resubmitting the provisional patent in 1998 AUD$396. 

 

The cost of acquiring a copy of four European patents from the Australian Industrial 

Property Organisation (now known as IPAustralia) was AUD$75. 

 

Thus, the costs of patenting and prototype construction amounted to AUD$4,580.   

 

The more difficult factors to cost are the time involved in developing the prototype, and 

drafting the development plan, provisional patents (Appendices 10.16 and 10.15 

respectively), reviews of prior art, agreements with the University and industry partners.  

In addition, there was the challenge of calculating time spent running the trials and 

liasing with various players in the commercialisation process.  Thus, the main costs 
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were Professor Stacey’s and my wages resulting from time spent on these activities.  Let 

us assume Professor Stacey spent 2 full days per month on the project and I expended 

around 2 days a week from mid 1995 to mid 1998.  Using our gross wages received 

from the University during that time, this would cost about AUD$26,575 per annum – a 

total of AUD$79,545 over the 3 years. 

 

Presuming an average income of AUD$30,000 for the nurses, and laboratory and 

secretarial staff and that all together they worked about half a day per week for the 3 

years.  This costs AUD$3,000 per annum, and thus, AUD$9,000 over the 3 years. 

 

Salzmann AG paid for the making of a series of prototypes and paid us AUD$13,000 

for testing them in 1997. 

 

So when all the costs are added I severely underestimated the cost of development by a 

factor of 3 – it cost closer to AUD$100,000 instead of the educated guess of 

AUD$30,000.  This primarily arose from the hidden cost of wages for the inventors and 

support staff paid for by the university, a university scholarship and the State 

government (which funds Fremantle Hospital).  Thus, questions asking about the cost of 

commercialisation may miss such hidden or indirect costs.  Furthermore, if we had 

mentioned these indirect costs and were hoping to recover them from industry, that may 

well have halted their interest in the VenousAid Stocking.  This would probably hold 

true for any similar product of uncertain commercial potential coming from our 

University.  The University now has a standard formula for assessing indirect cost 

associated with commercial research.  However, the University may waive or reduce 

costs charged of industry when commercialising university-originated technology in 

exchange for a greater return on future sales.  This was the case with the negotiations 

with Salzmann AG, where we agreed to reduce our costs from AUD$130,000 to 

AUD$13,000 in exchange for a greater return on any sales generated from the 

VenousAid Stocking. 
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10.14.7.3 Source of funding for commercialisation and related research 

(Q15&17) 

What were the sources of funding for commercialisation and related research?  They 

include personal funds, our employers both the University and Fremantle Hospital, our 

industry partner and a postgraduate research scholarship from the University.  In 

Australia, funding for teaching hospitals such as Fremantle Hospital is primarily public 

monies from state governments.  The Hospital paid for the nurses in the Leg Ulcer 

Clinic, some of the testing equipment in the Vascular Laboratory used for investigating 

the vascular function of legs, and all the stationery, bandages, stockings that were used 

in the trials.  The Hospital and the University paid for some of the equipment in the 

Vascular Laboratory, accommodation, phone and internet access through the University 

Department of Surgery. 

 

Professor Stacey’s and my wages came from various sources.  Professor Stacey’s wage 

came from the University.  My income came from working as a vascular research 

registrar at Fremantle Hospital, the Eva K A Nelson Scholarship from the University, 

the grant of AUD$13,000 from Salzmann AG for testing the bladder prototype and later 

from working as a general practitioner. 

 

In summary, there were many sources of funding and in relation to commercialising the 

invention, the amount and sources of funding are not easy to define.  In response to 

Question 38, which asks the inventor’s opinion of Australian government in terms of 

funding the commercialisation of their invention, our impression at the time of 

commercialising our device, was that the provision of funds from the Commonwealth 

and state governments for developing inventions was “poor”.  However, when indirect 

funding through publicly funded hospitals and universities is taken into account, we 

would have classed government support as being “good”. 

 

In terms of other forms of Australia government support for our case, none of the other 

points raised by Question 38 of the survey of medical inventors were an issue.  That 

includes “using purchasing power to support Australian products”,” using political 

networks overseas to support Australian products / industry, Austrade”,” industry 

policy”, and “vision for industry”.   
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10.14.7.4 Reason for choosing country of manufacture: could it have been made 

in Australia (Q34&42) 

If the VenousAid Stocking was to be manufactured, the reason for choosing a country 

for its manufacture would have solely depended on which industry partner agreed to 

develop the technology.  In the case of Salzmann AG, that would have meant 

Switzerland, Germany, Spain, USA or Brazil - where they have their factories.  In the 

case of Smith & Nephew Research Ltd, they also have factories all over the world and it 

would have depended on how the final product was constructed as to where they would 

have manufactured it.  We would have preferred to commercialise our device with an 

Australian company and ideally have it manufactured in Australia.  However, based on 

our knowledge of products used in the Leg Ulcer Clinic, there was no significant 

manufacturer of compression stockings or similar products in Australia.  The choice of 

company was based as much, if not more, on their marketing networks in this field 

rather than their manufacturing capabilities.  If we had a revolutionary technology, 

rather than an incremental improvement in technology, then it may have been worth the 

effort required and the financial risk to build up Second Skin or an equivalent company 

or even create a start-up company.  In the end our technology had been thoroughly 

assessed by two very different but leading multi-nationals.  We feel, that if there was 

significant commercial potential in our technology, then one of these companies would 

have run with it.   

 

In order to find an existing Australian company with suitable production facilities and 

marketing capabilities, an inventor external to a company would need an efficient 

source of information regarding such companies, which includes their expertise and 

production capabilities.  For us to decide to start a new company in Australia, would 

have required a thorough investigation and would have been dependent on: 

- the strength of intellectual property position; 

- the local context; and 

- the available supports, for example, technology parks, technology transfer 

offices and venture capital. 
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The preferred option of the university was to submit a provisional patent and to license 

the technology to an established company.  There was virtually no discussion 

concerning the creation of a start-up company.  Neither the University nor TIM made us 

aware of any seminars or courses on creating a technology start-up, or of any local 

mentorship program for entrepreneurs. 

 

10.14.7.5 Government programs used during commercialisation (Q37) 

None of the seven listed Commonwealth government programs in Q.37 of the 

questionnaire were relevant to our case, as we were not manufacturing the product in 

Australia.  We did look at the R&D Start Program,52 but decided against it, as we were 

not going to start a company by ourselves.   

 

The interesting point is that most of these programs no longer exist or they have 

changed their names.  These changes appear to reflect a desire of each elected 

Commonwealth administration to stamp its name on a policy and call it their own.  This 

is in contrast to the Small Business Innovation Research (SBIR) in the US [ #343] 

which has been there since 1982 and has funded the beginning of Apple, Microsoft and 

other major US corporations.  Our impression was that the short-term nature of 

Australian funded programs could be a major problem for Australian inventors and 

entrepreneurs required to expend a lot of time and effort to keep up to date with these 

changes.  This begs the question, whether there is a benefit in having a long-term 

program supporting entrepreneurship embedded within a country’s political institution 

and which becomes the standard bearer or the symbol for government support of 

entrepreneurship. 

 

This could entail a one-stop shop for advice on commercialisation, which would 

provide information on all government programs supporting commercialisation.  One 

major difficulty for us was trying to find out what programs there were and whether our 

plans actually “fitted” a program. 

 

                                                 
52 AusIndustry website at http://www.ausindustry.gov.au/content/level3index.cfm?ObjectID=318B569B-

C9AA-4FE2-A1C2DDF2272DB604&L2Parent=AEB901E5-7CB8-4143-A3BF33B2423F9DA6 [10 

January 2003] 
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10.14.7.6 Constraints on commercialisation (Q39) 

In our case the main factors that inhibited the commercialisation process include: 

- design problems with the technology especially with the cover around the ankle 

and foot;  

- the uncertainty of whether the VenousAid Stocking was a significant advance on 

the current dominant products in the market, namely, below knee elastic 

stockings and compression bandages; and  

- whether the technology involved a significant degree of novelty to be granted a 

patent particularly in the US.   

 

There is a question whether this last point should be regarded as a constraint, because 

Salzmann AG was seriously considering keeping the technology a “trade secret”, 

submitting a trademark application for VenousAid, and using a first-to-market strategy 

as a way of gaining market advantage rather than by protecting the intellectual property 

through patents.  However, such an approach may have decreased the amount of royalty 

payments that we could expect to receive. 

 

Another important constraint are the points that Mr Künzli made regarding the potential 

difficulty in marketing the product using Salzmann AG’s existing marketing workforce 

(see Section 10.14.6.1).   

 

10.14.7.7 Factors aiding commercialisation (Q40) 

The 3 most important factors aiding in the commercialisation process were the industry 

links and scientific reputation of Professor Stacey, the quality of our development plans 

and the fact that we had a leg ulcer clinic and the attendant staff with expertise at 

running high quality trials enabling us to test and refine prototypes.  Thus, if a product 

was developed then we could undertake clinical trials to assess its efficacy and be able 

to market the product through scientific conferences.  We were very conscious that in 

such situations we had to be very upfront about our involvement in the 

commercialisation of the VenousAid Stocking and accurate and self critical in 

communicating our research results.   
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What else aided the commercialisation of the Stocking?  The support of the university 

was important in terms of being willing to fund a PhD scholarship specifically for the 

three commercialisation projects encompassed by this thesis.  This is despite the fact 

that commercialisation was outside the academic expertise of the Department of 

Surgery and that of the University.  In addition, the change in the intellectual property 

policy of the University which increased financial incentives for inventors (see Table 

10.90 below), made us feel more secure handing over ownership of the intellectual 

property to the University.  This is despite the ownership of most inventors being 

outside the realm of the University.   
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10.14.8 Themes not fully examined in the survey of medical inventors 

 

This section scrutinises the themes not fully examined in the survey of medical 

inventors.  These include: 

- determining the inventors that are listed on a patent and patent ownership; 

- personal issues as an inventor; 

- emotional intensity of the commercialisation journey; 

- protecting the intellectual property using laboratory books and provisional 

patents; and 

- University involvement and their concurrent organisational innovation. 

 

10.14.8.1 Determining the inventors on the patent inventors and patent 

ownership 

This section examines issues of patent ownership and who should be listed as an 

inventor on our provisional patent.  These matters were not fully explored in the survey 

of medical inventors especially as the patents had already been granted in the US, and 

therefore, issues of who should be listed as an inventor and who owns the patent had 

been resolved.  

 

The subject of employment is related to that of patent ownership.  In the first 

provisional patent of 1992, who should be its owner – the hospital, the university or 

should it reside with the inventors?  Were the discussions between Dr Hicks, Professors 

Castleden and Stacey held under the jurisdiction of the Hospital, the University or were 

they conducted in their own time?  In the end the first provisional patent, was not 

assigned to either organisation and remained unassigned with ownership resting with 

the inventors. 

 

What about ownership of the second and third provisional patents submitted in 1997 

and 1998?  By the time of submission of the second provisional patent in 1997, Dr 

Hicks and Professor Castleden were outside the jurisdiction of the University and as a 

student under University regulations [University of Western Australia, 1996 

#212;University of Western Australia, 1994 #215] I had ownership of my portion.  It 
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was only Professor Stacey’s portion of the technology that resided with the University.  

The question at the time of submission was whether the patent should be assigned solely 

to the University or to both the 3 outside inventors and the University.  Initially we were 

aiming for the second approach because of our concern over the competence of the 

University to manage the commercialisation process and whether the medical faculty 

under the previous intellectual property regulations [University of Western Australia, 

1994 #215] would siphon off the proceeds from any royalties before they reached our 

department at Fremantle Hospital.  However, as a result of changes to university 

regulations [University of Western Australia, 1996 #212;University of Western 

Australia, 1994 #215] especially the improved distribution of net revenue to inventors 

(Table 10.90) and the University’s approach to commercialisation, we offered to hand 

over patent ownership to the University. 

 

Table  10.90: 1996 changes in intellectual property regulations at the University of 

Western Australia concerning the distribution of net revenue to inventor or 

originator 

University patents regulations up to 1996  Intellectual property regulations since 1996  

Net annual return Originators portion Cumulative net revenue Originators portion 

<$50,000 33.33% <$50,000 85% 
$50,000<$500,000 33%  10% Next $100,000 65% 
Further amounts 10% Further amounts 50% 
 

Source: [University of Western Australia, 1996 #212;University of Western Australia, 1994 #215] 
N.B. all dollar amounts are in Australian dollars (AUD) 
 

We made it to the draft stage of the intellectual property assignment and revenue 

sharing agreement with the University in 1999, which we did not complete because we 

had ceased commercialising the VenousAid Stocking.   

 

There is an additional question of whether Fremantle Hospital could make a claim to 

co-ownership of the patent.  The latter is because in 1993, when Professor Stacey and I 

discussed the changes to the design of the invention, I was employed by the hospital.  

Fremantle Hospital is a state owned teaching hospital.  The hospital also bore most of 

the costs of running the Leg Ulcer Clinic and the Vascular Laboratory in which the 

intellectual property was tested, including most of the salaries for staff.  Mr Heitman, 

University Lawyer, stated in an interview on 22 April 2002, that in his experience in 

dealing with teaching hospitals in Western Australia, that they had a range of at times 
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unpredictable responses to intellectual property arising within both jurisdictions.  

Responses ranged from a laissez-faire attitude to that of hospitals which claim to own 

all intellectual property developed by its staff.  This is the reason that the University 

through its Office of Industry and Innovation is currently negotiating an agreement with 

14 parties, including the public hospitals, on managing intellectual property arising in 

both jurisdictions.  One of the major differences between University and State 

government policies on managing intellectual property, was in regard to financial 

returns provided to inventors.  State government policy states that royalty payments 

“would not normally exceed 10% of net revenues to the State (after tax if relevant)” 

[Department of Commerce and Trade, 1997 #199: 23].  Thus, making the financial 

incentives for inventors from the State Government very meagre compared to returns of 

at least 50% for inventors from the University (see Table 10.90).  Thus, for us there was 

a major incentive to assign the VenousAid patents to the University.  These incentives, 

embedded in the institutional environment, had a major influence on our behaviours as 

inventors. 

 

Another major question was: which inventors should be listed on our provisional 

patent?  Professor Castleden and Dr Hicks were not involved with the refinement and 

development of the invention after they submitted the first provisional patent in 1992 

with Professor Stacey.  Essentially their idea was an adaptation of an existing device to 

a new problem.  In addition, it is questionable whether a patent would have been 

granted (see Section 10.14.5.2).  Professor Stacey and I were the main people working 

on developing the invention from 1993 onwards, though our changes to the bladder may 

not have been patentable.  As mentioned in Section 10.14.4, the truly inventive step 

occurred on 12 October 1996 largely between Ms Marshall (my wife), Mrs Mattes (my 

mother) and myself.  At the time we were trying to get the cover made as quickly as 

possible to show the concept of the Stocking to Mr Künzli from Salzmann AG.  It was 

only after Mr Gary Cox, the patent attorney, had taken away the prototype cover and 

bladder and drafted the provisional patent application and undertaken the review of 

prior art that we realised the importance of the cover’s design.  With hindsight, I should 

have included Ms Marshall and Mrs Mattes as inventors on the second and third 

provisional patent applications.  The question is whether Dr Hicks and Professor 

Castleden should have remained as inventors on the patent.  We felt a great debt to them 

for being the catalysts for the development of the VenousAid Stocking.   
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10.14.8.2 Personal issues as an inventor 

 

Nothing great in the world has ever been accomplished without passion. 

Georg WF Hegel (1770-1831)53 

 

The framework for discussing personal issues for this case history was taken from the 

article by Britten [, 1995 #128] on questions for qualitative interviews in medical 

research.  I have examined these issues from my perspective and in a more expanded 

case would have included that of the 3 other inventors on the provisional patent and of 

the non-listed inventors Ms Marshall and Mrs Mattes.   

 

Do I identify as being an inventor?  I did not identify strongly as an inventor for two 

reasons.  First, the provisionally patented technology was fairly simple in concept and 

design, especially when compared to the high technology, such as the cochlear ear 

implant, being examined in Chapters 4 and 5.  Second, I was working on a number of 

different projects at the same time and my primary income was coming from 

scholarships and clinical work.  For example, I published an article on critical thinking 

in general practice [Mattes, 2000 #566, see copy in Section 9.6].54  Thus, I identified 

more as an academic clinician than as a medical inventor.  In terms of being an inventor 

the words that came to mind were “pseudo” or “pretend” inventor.  If we had been 

successful in getting the Stocking to market, then I would have felt legitimate in calling 

myself an “inventor”.  Why is this important?  I feel that when developing policy for 

inventors, the net should be cast widely so that potential inventors or those who do not 

consider themselves as inventors take note of policy or regulations that concern 

intellectual property.  People most likely to make a mistake, such as inadvertent public 

disclosure of intellectual property, are those who have never dealt with it and the need 

                                                 
53 See http://www.marxists.org/reference/archive/hegel/works/hi/history3.htm [29 March 2002] 
54 The reason this article was included in the thesis is that the process of writing it had an enormous 

influence on the subsequent direction of the thesis.  It, for example, emphasised the importance of human 

capital, learning, and tacit and codified knowledge embodied in academic physicians.  It also highlighted 

the significance of the institutional environment on medical learning, and hence, on innovation. 
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for its protection.  Such individuals are unlikely to consider themselves to be inventors, 

and thus, need to be targeted more vigorously than experienced inventors.  

 

What about emotions during the development of the technology?  An outstanding 

feature was the emotional intensity of the commercialisation journey.  One’s self esteem 

appears to be wrapped up in the success or failure of the technology.  Any threat to the 

success of the technology is initially regarded as a personal threat.  It also means that 

anything that threatens or appears to threaten the commercial success of the technology 

will make inventors adapt in order to avoid perceived incompetence or barriers to 

commercialisation.  This may not be in the interest of an organisation such as a 

university, which would miss out on the returns from intellectual property if the 

inventors cease commercialising or bypass the organisation and its barriers.  

 

As I put more effort into the Stocking’s development, so my hopes rose for its 

commercial success.  This increased my willingness to overcome impasses during 

commercialisation.  However, my desire to succeed waned as the design and marketing 

difficulties emerged and when Salzmann AG pulled out of the project, and as I felt that 

a new approach to the technology was needed.  This was exacerbated by my diverging 

aspirations, from a career in industry to being an academic general practitioner.  

Certainly the emotional investment in the commercialisation process was hugely 

influenced by what was happening in the rest of my life.  The competing priorities 

included the need to complete the other projects in this thesis, and to earn an adequate 

income and the decision to join the general practice training program and meet its 

requirements, and the changes that were occurring in my family life, especially with the 

birth of our daughters in 1998 and 2001.  In other words, it was VenousAid 

development versus thesis versus general practice versus family.  The changes that were 

happening in my family had a huge impact emotionally and in rearranging my priorities.  

These conflicting interests in any person’s life can mean that it is hard to keep a high 

priority for a project that is becoming difficult.  This would be the case for most medical 

inventors, who also have clinical duties or are not funded to pursue the 

commercialisation of their invention.  This supports the value, in appropriate instances, 

of workplace policies which allow inventors to pursue such development while still 

receiving their salary in full or in part. 
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Did trust play a role in the commercialisation process?  The sense of trust influenced 

how Professor Stacey and I interacted with other players in the commercialisation 

process.  I had learnt to trust Professor Stacey over the years, which meant I could say 

what I thought about the product and its development and know that he would always 

honour my contribution to the project.  This trust extended to Professor Castleden and 

to a lesser extent to Dr Hicks who I did not know that well.  Because of Professor 

Stacey’s previous dealings with both industry partners and their good reputations, we 

felt that we could trust them.  We knew that their fundamental imperative was a profit 

and that would be their main motivation whether to stay with the project or not.  I felt 

that the non-disclosure agreements that we signed were not nearly as important as the 

quality of the relationship [McCormack, 1988 #353].  It is well known that some 

companies will breach intellectual property rights assuming that the owners of these 

rights are not in a strong enough financial position to mount a legal challenge.  Whereas 

our trust of our university’s administration and the technology transfer company 

Technology and Innovation Management Pty Ltd (TIM) was somewhat mixed.  We 

thought their main incentive was how much money they could extract from this project.  

We were not sure that they had our interests and that of our department at heart.  So we 

were rather cautious in how we dealt with the University’s administration (see also trust 

of industry partner in Sections 10.14.6.1 and 6.5.2). 

 

Did my personality or abilities play a major role in the commercialisation process?  I 

believe some traits did.  These include determination, thoroughness, and an ability to 

work long hours, to think laterally, to get on with people, to listen and to ask for advice 

and act on it, and striving to improve how and the way I do things.  In addition, I was 

fluent in Swiss German.  This helped in the interaction with Salzmann AG but was not 

essential for the relationship which was built around Professor Stacey’s longstanding 

relationship with them.  It also meant as part of our review of prior art that I could save 

costs by translating German patents into English for our patent attorneys.  The 

commercialisation project tapped into my skills in research, clinical medicine, foreign 

languages, interpersonal ability and perseverance. 
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10.14.8.3 Protecting the intellectual property: laboratory books and provisional 

patents 

There were a number of times when I should have sought advice about whether people 

needed to sign confidentiality agreements because of direct or inadvertent public 

disclosure of part or all our intellectual property.  This may have destroyed the 

technology’s patentability.  Mr Edi Brack from Salzmann AG, who was in charge of the 

commercialisation project from their end, indicated that “it would not really be 

necessary to have a confidentiality agreement where the whole of the intellectual 

property was not disclosed to another party” (notes from Professor Stacey on his 

meeting at Salzmann AG, in St Gallen Switzerland 27-8-97).  Mr Brack implied that 

this was disclosing both the cover and the bladder to individuals.  However, in terms of 

patentability there was a question whether both aspects of the invention could be 

patented.  In the end, the cover appeared novel enough and most likely to be granted a 

patent, whereas there was some uncertainty with the bladder.  So if the cover had been 

disclosed, such as to our patients, or members of my family, then inadvertent public 

disclosure would have already occurred and destroyed its patentability.   

 

Confidentiality agreements covered all our meetings with industry partners where we 

disclosed the intellectual property.  We also asked Ms Vandongen before she joined the 

project to sign one.  Whereas Ms Marshall and Mrs Mattes, who helped make the cover, 

did not sign confidentiality agreements.  Nor did Dr Danian Yang, who was another 

PhD student in our department, a good friend and who helped with ironing out the 

method for ambulatory assessment of venous function.  We disclosed the bladder 

without the outside cover or its intended use to Mr Cuong Nguyen of CTV Plastics 

Welding.  He made six prototypes of the internal bladder between 1995 and 1996. 

 

The most controversial area was whether we should have asked patients to sign 

confidentiality agreements.  Mr Kim Heitman, University Lawyer and current Director 

of the Legal Services Office at the University advised that such agreements were 

unlikely to stand up in court.55  Therefore, there was no rationale in inviting patients to 

sign them.  In an attempt to prevent disclosing the bladder design to patients in the 

trials, I asked patients to lay down, then taped the bladder on to their legs keeping it out 

                                                 
55 Interview with Mr Kim Heitman on 22 April 2002. 
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of their vision, then placing the cover or bandages over it to obscure it before testing the 

device.   

 

The second major issue with protecting our intellectual property and documenting the 

time of invention is having a laboratory book which is bound, with numbered pages 

and lined off and signed every day or every week by the researcher and a senior person 

in the organisation to verify people’s contribution to intellectual property and the time 

of invention.  As Mr Heitman said “Laboratory books are all you’ve got for independent 

verification when time of invention or an inventor’s contribution is being challenged in 

court”.  The laboratory book in our case was the field diary kept by me.  Whenever I 

wrote anything I would date it, line it off and sign.  Such entries of course could easily 

be forged, and in retrospect, I should have organised for Professor Stacey or another 

senior person in our department to witness my signature.   

 

We took a number of calculated risks with disclosure or potential disclosure of our 

intellectual property which in hindsight may have jeopardised the patentability of the 

technology.  We would have benefited from having all staff and people external to the 

hospital or university, who were involved in the project, sign a general non-disclosure 

or confidentiality agreement.  In this manner, if novel technology arose during 

development and prior to provisional patenting or if a patent was not granted, the 

technology would have some form of legal protection and could still be sold as a “trade 

secret”.  Clinical testing of the devices, however, should only have been performed after 

submission of a provisional patent application.  In addition, it may have been 

worthwhile to have our method of intellectual property protection independently 

evaluated.   

 

10.14.8.4 University involvement and concurrent organisational innovation 

The university usually ran its development projects through its commercialisation arm 

or technology transfer company called Technology and Innovation Management Pty Ltd 

(TIM).  The company was co-owned by four universities in Western Australia namely 

Curtin University, Murdoch University, the University of Western Australia, and Edith 

Cowan University.  We had serious doubts about the value of employing this company 

as they did not know the market or the industry relevant to the Stocking’s 
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commercialisation.  From our limited perception, TIM did not appear to be able to add 

value to the commercialisation process or reduce our workload.  Their involvement 

usually cost around 30% of any royalties, however in 1998 we negotiated this figure 

down to 15% for the first AUD$100,000 and 7.5% for the remainder up to a maximum 

of AUD$30,000.  Given the amount of work we had already done and Professor 

Stacey’s knowledge and link with industry, we were not convinced that employing TIM 

was a cost effective exercise.  Though their representative did state that in our case their 

involvement would be especially fruitful while negotiating with industry on thorny 

issues such as royalty payments.  TIM was privatised in 1998 after it required 

recapitalising for a second time which the four public universities declined to do 

[Barber, 1999 #219].  TIM is now owned by McRae Enterprises and has become 

TechStart Australia.56  There was one previous attempt at developing a commercial arm 

at the University called the Centre for Applied Business Research which was closed in 

1990 after incurring significant losses [Barber, 1999 #219]. 

 

Since the development of the VenousAid Stocking got underway in earnest in January 

1995, the University has completely changed its approach to managing the 

commercialisation of its research.  Most of the changes appear to have occurred under 

the direction of Professor Michael Barber Pro Vice-Chancellor (Research) who 

remained in the post from 1994 to 2002.  These changes include: 

- the new intellectual property regulations in 1996 [University of Western 

Australia, 1996 #212] giving an increased return to inventors; 

- the reports written by Professor Barber [, 1999 #219] especially Building 

Strategic Partnerships with Industry and probably an unpublished discussion 

paper from the Industry Linkages and Commercialization Strategy Panel and 

Forum; 

- the creation of the Office of Industry and Innovation in January 2001 [Office 

of Industry and Innovation, 2003 #349] and the appointment of Dr Andy 

Sierakowski as its head.  He has 18 years of commercial experience working for 

Kodak in senior management positions with skills in commercialisation, joint 

venture companies, manufacturing, and marketing,  

 

                                                 
56 http://www.techstart.com.au/ [27 May 2002] 
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The University has signalled the importance it accords the management of 

commercialisation by locating the Office of Industry and Innovation within the Vice-

Chancellery of University.  Since its inception in early 2001, the Office of Industry and 

Innovation has had a major impact at the University.  The Office aims to generate 

income through licensing deals, the formation of spin-off companies and research 

contracts.  The latter is to be achieved through its facilitation of contacts between 

industry and the University’s researchers to explore collaborative research 

opportunities.  Anecdotally, the effect of these changes has been that, not only do 

inventors based at the University declare their intellectual property but, it has been a 

magnet for innovations which were developed overseas, for example in the US and in 

France, to be brought back and commercialised through the University.57  In addition, 

other local universities have come to the University to commercialise their intellectual 

property.  Through intellectual property workshops held at the University, the 

laboratories at the University are beginning to properly document their work in 

laboratory books.58   

 

The changes to the intellectual property regulations did have an impact on our case (see 

Section 10.14.8.1), but after we stopped the Stocking’s development, further substantive 

changes in managing commercialisation have occurred at the University.  Because of 

these changes at the University, the difficulties encountered in our case are less likely to 

occur.  Despite these changes, given its impact one problem is worth discussing.  One of 

the most important and difficult relationships was between our team and the 

University’s Legal Services Office.  The relationship with our primary liaison in that 

office, which despite a good beginning deteriorated when after repeated request for 

legal paperwork required for visiting industrialists, we had to write to the Pro Vice-

Chancellor (Research) requesting these legal documents.  This meant that we were 

reluctant to seek their advice or request a review of our development plan and 

presentation prior to talking to industry representatives. 

 

                                                 
57 Mr Kim Heitman as per interview on 22 April 2002. 
58 Dr Felicity Flack, Executive Officer, Division of Clinical Sciences at the Telethon Institute for Child 

Health Research, who was interviewed on 24 April 2002 
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10.14.8.5 Issues regarding marketing 

There were three aspects of gaining market share.  This could have been gained 

through the perceived novelty of the product, increased comfort, and thirdly by research 

showing that the Stocking was more effective at treating leg ulcers or preventing deep 

vein thrombosis  

 

In terms of market potential I do not think it was necessary to prove that the VenousAid 

Stocking worked better than the current products used to compress lower legs.  The 

market value may have come from the product’s novelty and the customer’s feeling of 

the leg being squeezed giving the perception that it was doing more than a simple below 

knee elastic stocking.  We may have had a wonderful marketing opportunity when the 

concerns about air travel and deep vein thrombosis re-emerged in late 2000 [Weir, 2001 

#148;Geroulakos, 2001 #149].  The airlines may have purchased or promoted the use of 

a novel product to give the impression that they were doing new things to prevent deep 

vein thrombosis.  This may have enabled the product to be tested in trials by doing 

before and after air travel ultrasounds of the deep veins comparing people who wore the 

device and those that did not.  A study of like design showed that wearing below knee 

elastic stockings reduced the incidence 19 fold from 4.5% to 0.24% in high risk subjects 

[Belcaro, 2001 #231].  Such publicity would have been another marketing springboard 

for the VenousAid Stocking.   
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10.15 CH6:  PROVISIONAL AUSTRALIAN PATENT OF THE VENOUSAID 

STOCKING 
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Executive Summary 
 
This is a confidential document.  It describes the proposed development and commercial 
exploitation of the VenousAid Stocking with an industry partner.  The information 
provided is meant to assist the dialogue between potential industry partners and the 
University of Western Australia (UWA), represented by Professor Michael Stacey, Dr 
Eugen Mattes and Ms Yvonne Vandongen.  Responsibility for negotiating any licence 
or other agreement on behalf of UWA lies with Technology & Innovation Management 
Pty Ltd (TIM) represented by Dr Jack Malecki, the general manager.   
 
In February 1997, a provisional patent application (No P05262) has been lodged in 
Western Australia and early prototypes have been created of the VenousAid Stocking.  
In addition, an agreement concerning ownership and financial return has been drawn up 
between the originators and UWA.  UWA owns the intellectual property.  The current 
plan is to: 

1) find an industry partner to fund and assist with the development of the device, 
preferably in a collaborative development program with UWA; and 

2) subsequently license the commercial exploitation of the device with the 
developer having first option on the licence or royalty fees; and 

3) launch VenousAid at the XIII World Congress of the International Union of 
Phlebology in Sydney on 6-11 September 1998. 

 
The VenousAid Stocking is a device for compressing the leg from the foot to below the 
knee. The market of the VenousAid Stocking includes compression therapy for:  

1) primarily treatment but also prevention of venous leg ulcers; 
2) peripheral oedema; and 
3) lymphoedema. 

 
The competitive advantage of the Stocking over other compression devices is that it 
will: 

1) have less bulk than compression bandages; 
2) be easier to apply than compression bandages and stockings; 
3) be adjustable by the patient; 
4) be more effective in assisting the pumping action of the calf muscle; 
5) generate pressures equal to or greater than elastic stockings and compression 

bandages;  
6) maintain a constant pressure during application; and 
7) be reusable up to 3-6 months. 

 
The main disadvantage of the VenousAid Stocking is its greater bulk than elastic 
stockings.  Currently there are three important outstanding issues that need to be 
resolved before continuing with the commercialisation process: 

1) Is the device acceptable to patients? 
2) Is the device a significant advantage over the current products in the market? 
3) In terms of intellectual property, is it worth submitting a complete patent 

application in February 1998 or should a first-to-market strategy be 
employed? 



 

 

3

 

Table of Contents  
 

 

1. ANTICIPATED FINAL PRODUCT ................................................................... 4 
1.1. Description .............................................................................................................................4 
1.2. Concept and uniqueness of the VenousAid Stocking..........................................................4 

2. COMPETITIVE ADVANTAGE.......................................................................... 5 
2.1. Ease and speed of application...............................................................................................5 
2.2. Perceived value ......................................................................................................................6 
2.3. Ease of maintenance and durability.....................................................................................6 
2.4. Cost 6 

3. COMPETITIVE DISADVANTAGE ................................................................... 6 

4. INTELLECTUAL PROPERTY AND ITS PRINCIPALS ................................ 7 

5. POTENTIAL MARKET....................................................................................... 8 
5.1. Estimated size of the market in Australia ...........................................................................8 
5.2. Potential international market .............................................................................................9 
5.3. Potential competition...........................................................................................................10 

6. INDUSTRY PARTNER - ROLE........................................................................ 11 
6.1. Development.........................................................................................................................11 
6.2. Production............................................................................................................................11 
6.3. Distribution ..........................................................................................................................12 
6.4. Marketing strategy ..............................................................................................................12 

7. UNIVERSITY PARTNER - ROLE ................................................................... 12 
7.1. Development.........................................................................................................................12 
7.2. Clinical trials........................................................................................................................14 
7.3. Marketing strategy ..............................................................................................................14 

8. DEVELOPMENT PLAN .................................................................................... 15 
8.1. Introduction .........................................................................................................................15 
8.2. Further intellectual property..............................................................................................15 
8.3. Testing prototypes ...............................................................................................................15 
8.4. Refinement of design ...........................................................................................................17 
8.5. Market testing......................................................................................................................20 
8.6. Launch of VenousAid in September 1998 .........................................................................20 

9. ESTIMATED COSTING .................................................................................... 21 
9.1. Patenting & prototypes .......................................................................................................21 
9.2. Cost of testing function........................................................................................................21 
9.3. Possible additional source of funding for development....................................................21 
9.4. Identifying and planning for potential liabilities ..............................................................23 

10. PROPOSED TIMETABLE ............................................................................... 24 
 



 

 

4

 

1. ANTICIPATED FINAL PRODUCT 

 

1.1 Description 

 
The final version of the VenousAid Stocking is envisaged: 

• to be skin toned; 
• with a cover like an elastic stocking but made of short-stretch material from the 

ankle to below the knee.  The foot portion could either be left open or covered 
with a loose or more fitted elastic sock; 

• with an unobtrusive VELCRO fastening device from ankle to below the knee, 
enabling the patient to apply the Stocking by themselves and adjust it to a 
predetermined level of compression;  

• an internal pneumatic bladder made of plastic held in place by a light weight 
sock or fitted inside the cover.  The bladder will probably be of a fixed volume 
of air.  However, an adjustable volume of air could be considered with a hidden 
valve to enable easy filling and emptying of air; and 

• a set with 2 material covers and one internal bladder lasting for 6 months at a 
cost of AUS$ 70. 

 
The weight of the VenousAid Stocking will be somewhere between that of an elastic 
stocking and compression bandages.  The Stocking should be available in a range of 
sizes, possibly similar to that seen for elastic stockings.  The design is very versatile: 

• the bladder could be used separately under bandages; and  
• the cover could be used with or without the bladder.  For example, the combined 

VenousAid bladder and cover could be used at the commencement of treatment 
for a leg ulcer.  Once the oedema has settled or the ulcer has healed, the cover 
could be applied without the bladder. 

 

1.2 Concept and uniqueness of the VenousAid Stocking 

 
The VenousAid Stocking is a compression device which is primarily designed to assist 
the calf muscle in pumping venous blood from the leg during walking.  In addition, it 
will assist lymphatic drainage from the leg.  The VenousAid Stocking, like below-knee 
elastic stockings, runs from the foot to below the knee.  Thus, it is envisaged that the 
VenousAid Stocking may play a role in: 

• primarily, treating venous ulcers of the leg;  
• treating peripheral oedema;  
• preventing the recurrence of venous leg ulcers; 
• rehabilitation post deep vein thrombosis;  
• management of limbs after venous surgery; and  
• treating lymphoedema. 

 
There are two unique features of the VenousAid Stocking which differentiates it from 
all competition, namely compression bandages and elastic stockings.  First, and the 
most original feature is the internal bladder which generates a wave of graduated 
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pressure during each step at the time of maximal calf contraction, thus pumping an 
additional amount of venous blood from the limb.  Second, the non- or minimal stretch 
cover which ensures that the “squeezing” pressure generated by the internal bladder and 
calf muscle is not dissipated outwards but maximally exerted on the lower limb and, 
thus on the venous capacitance vessels and lymphatic system. 
 
 

2. COMPETITIVE ADVANTAGE 

 
The competitive advantage of the VenousAid Stocking can be divided into application 
and physiological advantages.  The application advantages of VenousAid over other 
compression devices is that it will: 

1) have less bulk than compression bandages; 
2) be easy to apply, not requiring the assistance of a nurse, unlike compression 

bandages, and hence reduce demands on domiciliary nursing organisations; 
and   

3) be adjustable by the patient to accommodate a reduction in the swelling of the 
leg and allow the patients to ease off the compressive pressure if pain 
develops. 

 
The physiological advantages of VenousAid over other compression devices is that it 
will: 

1) be more effective in assisting the pumping action of the calf muscle in 
expelling venous blood from the leg by maximally compressing the leg when 
the calf muscle is maximally contracting during walking; 

2) generate pressures that are greater than or equal to those generated by elastic 
stockings and compression bandages;  

3) maintain a constant pressure during application unlike some compression 
bandages (eg. short-stretch bandages) which loose 50% of their pressure 
within a day; and 

4) be reusable up to 3-6 months, unlike many compression bandages which are 
unable to be frequently washed and reused. 

 
In addition, the competitive advantage of the VenousAid Stocking relates to its ease and 
speed of application, perceived value, versatility and competitive price. 
 

2.1 Ease and speed of application 

 
The device should be easier and faster to apply than an elastic stocking or a 
compression bandage.  The aim is for the device to be used by the frail elderly and 
people suffering from arthritis.  In other words, its market includes people who 
normally have difficulty putting on an elastic stocking.  Furthermore, patients being 
treated for venous leg ulcers, who normally require qualified nurses to administer 
compression bandages, can put this device on themselves.  This could save about 25% 
of domiciliary nursing time, which is an immense potential saving for these 
organisations which spend up to 50% of their time looking after leg ulcers (Health Link 
September 1996, newsletter from the Silver Chain Nursing Association).   
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2.2 Perceived value 

 
The perceived value of the VenousAid Stocking relates to all other issues concerning 
the competitive advantage of its design.  The novelty of the device will certainly be an 
additional competitive advantage.  This may be enhanced if it is marketed as having 
been “university-designed and tested”.  Furthermore, the cushion of the bladder under 
the sole of the foot may give an additional pleasant bounce to a person’s step, not 
dissimilar to current sport shoes with air pockets in the sole. 
 

2.3 Ease of maintenance and durability 

 
The cover of the VenousAid Stocking should be washable preferably by washing 
machine, but at least by hand.  The bladder will probably be only washable by hand, 
using domestic dishwashing liquid.   
 
The cover will probably need replacing after 6 months using two units of material per 
leg.  The one bladder being reused may have a similar 6 month lifespan although this 
could be longer, thus reducing the cost of replacement.   
 

2.4 Cost 

 
The closer the price of the VenousAid Stocking is to the current elastic stockings in the 
market the more price competitive the product will be.  If the VenousAid Stocking is 
more durable than elastic stockings then a higher price may still be competitive.  Thus, 
a price around AUS$ 50 is being aimed at, with a ceiling price of AUS$ 90. 
 
 

3. COMPETITIVE DISADVANTAGE 

 
The competitive disadvantage of the VenousAid Stocking includes: 
• primarily the greater bulk of the VenousAid Stocking as against elastic stockings.  

This is created by the internal bladder; 
• the bulge created by the bladder over the medial malleolus.  In an attempt to 

overcome this bulge the bladder neck was narrowed and moulded around behind the 
medial malleolus; and 

• the VELCRO-fastening devices used in the prototype need to be more discrete. 
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4. INTELLECTUAL PROPERTY AND ITS PRINCIPALS 

 
The originators of the VenousAid Stocking include: 
  Prof Michael Stacey 
  Dr Eugen Mattes 
  Dr Don Hicks 
  Mr William Castleden 
 
The owner or assignee of the intellectual property is the University of Western Australia 
(UWA).  A provisional patent application (No P05262) has been lodged in Western 
Australia on 27 February 1997 in Western Australia.  The cost of submitting a complete 
patent application in Australia and patenting internationally by February 1998 is 
planned to be borne by the industry partner.  The current patenting plan is as depicted in 
Table 1.  If the industry partner decides not to pursue the patenting route then UWA 
retains the right to pursue this option. 
 
Table 1:  The timetable for patenting the VenousAid Stocking 

 
Activity Date 

1. Provisional patent application - Australia February 1997 

2. Additional provisional patent applications - Australia during 1997 

3. Complete patent application - Australia February 1998 

4. Overseas patent applications February 1998 

5. Patent being granted 2000 to 2002 
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5. POTENTIAL MARKET 

5.1 Estimated size of the market in Australia 

 
As discussed in Section 1, the VenousAid Stocking, may play a role in many different 
clinical situations but primarily for the treatment and prevention of venous ulcers of the 
leg.  The potential size of these markets in Australia is described in Table 2. 
Table2:  Potential market for the VenousAid Stocking in Australia 

 
Market niche No. of patients VenousAid market 

 No. of patients 
(proportion)

No. of units annually  

[= 2 pairs/patient/year] 

Compression 
bandages for venous 
leg ulcers 

42,500 8,500  (20%) 17,000 

Unable to apply 
stockings 

22,000 6,600  (30%) 13,200 

Elastic stockings for 
venous disease 

56,500* 2,800    (5%) 5,600 

Total 121,000 17,900  (15%) 35,800 
 
*Estimated number of patients assuming each patient bought 2 units annually of the estimated 
113,000 units of elastic stockings sold per year in Australia. 
 
The method for calculating the three market niches described in Table 2 is delineated 
below.  Realistically, the market with the greatest potential for the VenousAid Stocking 
is patients with venous leg ulcers.  There is a prevalence of 0.5% of active venous ulcer 
in the population (Office of Health Economics, 1992).  Since only approximately half of 
patients with a venous leg ulcer attend a health professional, the potential market of 
patients is 42,500.  Assuming a projected minimum market of 20% and each patient 
buying two units per year, approximately 8,500 patients will buy 17,000 units per year.  
This market share could be expected to improve greatly. 
 
Before going onto to the next two markets, the size of elastic stocking market needs to 
be calculated for Australia.  According to the Office of Health Economics, the elastic 
stocking market was 10 million pounds for the financial year 1990/91 in the United 
Kingdom.  This amounts to approximately 400,000 units sold per year (assuming a cost 
of 25 pounds [AUS$50] for each pair of stockings).  Based on this level of stocking 
usage and assuming a similar prevalence of desire, the size of the total annual stocking 
market in Australia would be approximately 113,000 units or 56,500 patients (assuming 
2 pairs of stockings per patient per year).   
 
Thus, the second potential market is a new market, currently not being serviced by 
elastic stockings, of patients who are unable to wear elastic stockings.  This market is 
estimated at 28% of patients requiring stockings for venous disease.  This figure comes 
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from a study, conducted in the Fremantle Hospital Leg Ulcer Clinic, examining the 
efficacy of elastic stockings in preventing the recurrence of venous leg ulcers.  These 
patients were unable to apply the stocking for a variety of reasons including arthritis of 
hands, obesity, dementia and frailty.  Hence, Australia-wide this market niche would 
encompass roughly 22,000 (= 28% / 72% X 56,500) patients based on above figures.  It 
is anticipated that at least 50% of these patients could use VenousAid.  However, 
assuming only 30% will use the VenousAid Stocking that represents 6,600 patients or 
13,200 units.  The third potential market for VenousAid is in replacing elastic stockings.  
This comes from patients who choose VenousAid having previously worn stockings and 
is estimated conservatively at 5% (5,600). 
 
In summary, the gross market for the VenousAid Stocking in Australia could be 
121,000 patients, of which about 17,900 (15%) could be a realistic potential market, 
buying 35,800 VenousAid Stockings.  Further estimates of the remaining potential 
markets, namely peripheral oedema, post deep vein thrombosis (DVT) and 
lymphoedema have not yet been calculated. 
 

5.2 Potential international market 

 
In Table 3, the potential size of the annual international market for the VenousAid 
Stocking has been estimated based on the above figures for Australia.  These numbers 
assume 2 sets are bought per patient each year. 
Table 3:  Potential international market for the VenousAid Stocking 

 
Country Population*

(million)
Annual VenousAid market

(rounded to 1000)

United Kingdom 58.4 113,000
Germany 81.5 158,000
France 58.3 113,000
Switzerland 7.1 14,000
Rest of Western Europe 180.2 349,000
Canada 28.7 56,000
USA 266.5 516,000
South Africa 46.2 89,000
Japan 125.9 244,000
Australia 18.5 36,000
New Zealand 3.4 7,000

Total 874.7 1,696,000

*figures for 1996 from internet at http://www.worldonline.nl/~q/world/qpop.html 
 
To achieve even the modest penetration outlined in these highly competitive markets, it 
will require a very effective marketing strategy.  Certainly there is a potential to expand 
this market specifically for the treatment of venous ulcers. 
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5.3 Potential competition 

 
The VenousAid Stocking will be competing for a portion of the following markets: 

• elastic stockings;  
• compression bandages; 
• anti-embolic stockings; 
• fitted below-knee garments; and 
• patients who have difficulty applying elastic stockings or compression 

bandages. 
 
The most important point is that the VenousAid Stocking is a completely new concept 
in contrast to all competitors.  The VenousAid Stocking gives a pulsed pressure wave 
up the leg with each step whereas all competitors apply static pressure through a 
material to the leg.  
 
The following issues regarding the competition require delineation: 

• size of competitors markets; 
• strengths and weaknesses of competing products and companies 
• facilities of the competitors; 
• marketing characteristics; and especially  
• new product development capabilities. 
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6. INDUSTRY PARTNER - ROLE 

 

6.1 Development 

 
The development of the VenousAid Stocking is envisaged to be a partnership project 
between the industry partner and UWA, principally represented by Professor Michael 
Stacey, Dr Eugen Mattes and Ms Yvonne Vandongen.  The industry partner has a 
number of different options available including: 

• development agreement with having first option on the licence or royalty 
fees; 

• upfront fee and licensing agreement; or 
• outright purchase of the intellectual property, however UWA does normally 

maintain ownership of its intellectual property. 
 
The role of the industry partner in the development of the VenousAid Stocking is 
thought to be providing:  

• financial support for the whole development phase, including for prosecuting 
world-wide patents; 

• advising on or organising market analysis for the device which includes 
assessment of market response to such factors as acceptability, durability and 
cost; and 

• assistance in design such as in the selection of materials and bladder design, 
especially from the point of view of product durability, manufacturing 
technique, cost and marketing. 

 
As the development progresses and moves more towards issues relating to 
manufacturing, distribution and marketing strategy, it is envisaged that the industry 
partner will take over more of the responsibilities of managing the project.  The precise 
details of the relationship will be negotiated by the industry partner and UWA. 
 

6.2 Production 

 
Issues involving the production of the VenousAid Stocking will primarily be in the 
hands of the industry partner.  These issues may include: 

• product construction; 
• production plan and budget; 
• planned production capacity; 
• production costs and future anticipated cost reductions; 
• plant and equipment plan and budget; 
• breakdowns of material and labor costs, pricing and mark-ups; and 
• labor budget. 
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6.3 Distribution 

 
The distribution of the Stocking involves delineating the method by which it reaches its 
ultimate purchaser.  The assessment of different methods of distribution will be left to 
the industry partner.  An efficient method of distribution maybe to use an existing 
distribution network for compression bandages. 
 

6.4 Marketing strategy 

 
The marketing strategy will again be managed by the industry partner.  We envisage 
that the marketing strategy will encompass identifying customer groups which can be 
served better by the VenousAid Stocking than its competitors, and tailoring the 
Stocking, and its price, distribution, and promotional efforts towards particular market 
segments.  Some of the potential markets have been discussed in Sections 1.2.  The 
VenousAid Stocking is anticipated to be launched at the XIII World Congress of the 
International Union of Phlebology, being held in Sydney on the 6-11 September 1998. 
 
 

7. UNIVERSITY PARTNER - ROLE 

7.1 Development 

 
The plan is for UWA to be contracted to assist the industry partner in the development 
and subsequent commercial exploitation of the VenousAid Stocking.  We envisage that 
UWA would play a role in providing medical expertise, patients and facilities to: 
• assist with the development of prototypes especially in regard to design issues from a 

clinical perspective; 
• examine the effect of different prototypes of the Stocking on venous physiology in 

the leg of patients with venous disease; 
• conduct market research to obtain feedback from patients on the device, including on 

the acceptability and durability of different prototypes;  
• conduct clinical trials to compare the efficacy of the Stockings in the treatment of 

venous ulcers against other forms of compression therapy, namely compression 
bandages and below-knee elastic stockings; and 

• provide input into marketing strategies from a clinical perspective. 
 

7.1.1 Transfer of technology 

 
If future development was planned overseas Dr Eugen Mattes and Ms Yvonne 
Vandongen would be available to work with any development team on site overseas.  In 
addition, Professor Michael Stacey would be available for conferencing either by video 
or phone.  If required, we would be available for such communications on a rapid basis.  
We see a close, open and focused working relationship as essential to any such 
undertaking. 
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7.1.2 Available facilities at the University of Western Australia 

 
The facilities that UWA will provide through the University Department of Surgery at 
Fremantle Hospital primarily include: 
• the Leg Ulcer Clinic at Fremantle Hospital which has been running since 1988 and 

has over 800 patients on its books.  These patients have been treated for leg ulcers 
with approximately 90% suffering from venous disease.  Around 50 patients are seen 
every week in the Leg Ulcer Clinic; and 

• the Vascular Laboratory with many investigative tools to assess the function of 
veins in the leg including digital photoplethysmography and air plethysmography.  
Both of these devices can be used during walking using a treadmill to allow for 
ambulatory assessment of venous function.  All new patients to the clinic are 
assessed in the Vascular Laboratory and have the function of their arteries tested and 
have blood taken for extensive haematological and biochemical examination.  A 
duplex scanner is also available for examination of arteries and/or veins. 

 

7.1.3 Negotiating development or licensing agreements 

 
Technology & Innovation Management Pty Ltd (TIM) has been contracted by UWA to 
negotiate any development or licensing agreements on UWA’s behalf.  TIM is 
represented by their general manager Dr Jack Malecki.  His contact details are enclosed 
below: 

 
Technology & Innovation Management Pty Ltd 
Technology Centre  
2 Brodie-Hall Drive 
Bentley WA 3102 
AUSTRALIA 
Tel: +61-8-9451 0881 
Fax: +61-8-9361 6773 
email: jack.malecki@techpkwa.curtin.edu.au 

 

7.1.4 University’s legal office 

 
The Legal Services Office at UWA have been involved with sorting out the 
confidentiality agreement.  Their contact details are below: 
 

Legal Services Office 
University of Western Australia 
Stirling Highway 
Nedlands WA 6907 
AUSTRALIA 
Tel: +61-8-9380 1965 
Fax: +61-8-9380 1328 
email: jlennon@acs.uwa.edu.au 
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7.2 Clinical trials 

 
It is anticipated as part of the agreement that initial clinical trials to examine the 
efficacy of the VenousAid Stocking will be undertaken through UWA.  It is envisaged 
that these trials will be conducted both during the development phase and once the 
VenousAid Stocking is being sold in the market place.  The team led by Professor 
Stacey has had extensive experience in conducting research into venous disease of the 
lower limb.  The team has published over 100 scientific articles and presented work 
throughout the world.  The scientific research covers all types of research ranging from 
basic to clinical trials.  Many studies have been conducted in conjunction with other 
researchers and industry.  The industry collaborations have included clinical trials 
assessing bandages and topical agents in the treatment of leg ulcers. 
 

7.3 Marketing strategy 

 
Professor Michael Stacey, Dr Eugen Mattes and Ms Yvonne Vandongen will be 
available to provide advice on aspects of the marketing strategy, especially where this 
strategy pertains to clinicians, nurses and domiciliary nursing groups.  Their experience 
primarily arises from being exposed to various forms of marketing especially that 
incorporating sales representatives, trade displays at conferences and advertising in the 
medical literature.   
 
Our team will assist in the marketing of VenousAid by presenting clinical research 
involving device at international scientific conferences starting with the proposed 
launch of VenousAid at the XIII World Congress of the International Union of 
Phlebology in Sydney on 6-11 September 1998. 
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8. DEVELOPMENT PLAN 

8.1 Introduction 

 
The development phase of the project is thought to encompass the path from the current 
initial prototype through to making a final prototype which is ready for manufacturing.  
This is not a linear path but rather a series of parallel projects where prototype 
development, market research and production issues are examined concurrently.   
 

8.2 Further intellectual property 

 
During the development phase a number of further improvements may occur, which if 
original will require further provisional patenting.  Ownership of further intellectual 
property arising out of development will need to be incorporated in any development 
agreements.  In addition, all people working on the project will require to be covered by 
a confidentiality agreement. 
 

8.3 Testing prototypes 

 
It is envisaged that the prototypes, as they are made, will be tested on patients from the 
Leg Ulcer Clinic at Fremantle Hospital.  The initial aim of testing prototypes includes: 

1) demonstrating their effect on venous function in comparison with stockings, 
minimal-stretch compression bandages and nothing on the leg (see Functional 
evaluation of prototypes below); 

2) market testing to delineate acceptance and satisfaction of patients and 
domiciliary nurses to the device (see Market Appraisal I & II below); and 

3) measuring effect on ulcer healing, initially, through reduction in ulcer size 
(see Market Appraisal I below). 

 
The final trial would examine the efficacy of the device in healing leg ulcers in 
comparison to compression bandages (see Healing Study below).  Such a trial should be 
conducted in a standard acceptable to the Food and Drug Administration (FDA) in the 
USA.  This standard would include independent external assessors. 
 

8.3.1 Work to date 

 
Methods of investigation have been assessed in initial studies using elastic stockings 
and non-stretch cotton bandages (Crinx).  These have demonstrated that digital 
photoplethysmography (digital PPG) and air plethysmography (APG) can be used to 
assess venous function both by standard methods and while the patient is walking.  
Additional information is obtained with testing patients while walking which is 
described in a separate document called Development work to date. 
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8.3.2 Functional evaluation of prototypes 

 
The functional evaluation of the first prototype developed by the industrial partner will 
take about two months.  The aim of this evaluation is to demonstrate equivalent or 
better effect on venous function compared with stockings, minimal-stretch compression 
bandages and nothing on the leg.  This evaluation will entail: 

• recruiting 15 patients; 
• testing with digital photoplethysmography and air plethysmography while 

walking on a treadmill; and 
• using a stocking pressure tester, to measure the pressures under each form of 

compression and see whether the prototype generates a graduated wave of 
compression up the leg with each step while walking. 

 
Fifteen patients will be required to test each prototype in order to generate adequate 
statistical power when comparing venous function for each form of compression.  It is 
envisaged that one set of 15 patients would be used for all examinations, thus negating 
the need to repeat the original tests of venous function.  For the first set of tests it would 
take about 10 weeks for one research assistant to complete.  This would include three 
weeks for recruitment, three weeks for testing and one month to collate and statistically 
test the results.  Subsequent re-examination of the 15 patients for new prototypes would 
take about one month, two weeks each for testing and collation of results.  These times 
could be shortened with an additional research assistant but that would depend on 
patient acceptance and availability.   
 

8.3.3 Market Appraisal I : VenousAid vs compression bandages (May - 

August 1998) 

 
The initial market appraisal of the VenousAid Stocking aims to: 

• assess acceptance of the device by patients with leg ulcers and domiciliary 
nurses treating these patients at home; and 

• examine its efficacy in reducing ulcer size in comparison to standard 
compression bandages. 

 
This appraisal is a cross-over trial of bandages versus the VenousAid prototype.  This 
study is thought to require 20 to 30 patients, half randomised to receive either the 
prototype or compression bandaging.  After four weeks patients will cross-over to 
receive the other therapy.  In other words, patients being treated with the prototype will 
receive compression bandaging for the last four weeks of the trial and vice versa.  
Patients will be reviewed on a weekly basis and have a standard assessment, including 
the size of their ulcer measured.  Furthermore, a concurrent marketing survey will be 
conducted for: 

• patient reaction to the device including appearance, performance, reliability, 
and design, especially in contrast to compression bandaging; 

• how patients employ the device; 
• what could influence the purchasing of the product, such as different price 

ranges; and 
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• what the most favourable methods of distribution are. 
 

A separate market survey would be conducted for domiciliary nurses to examine their 
response to the prototype. 

 

8.3.4 Market Appraisal II : patients with healed leg ulcers unable to wear 

elastic stockings (May - August 1998) 

 

At the same time as the above trial, Market Appraisal II will be running.  This study 
aims to examine 30 patients who have healed their venous leg ulcer and are unable to 
wear an elastic stocking.  These patients include the frail aged, those suffering from 
rheumatoid arthritis, and other debilitating diseases.  Such patients have been identified 
in the Leg Ulcer Clinic, as they could not be recruited into a randomised controlled trial 
examining the efficacy of elastic stockings in preventing the recurrence of venous leg 
ulcers.  These patients would wear the prototype for eight weeks and report on their 
perceptions of the device using the same marketing survey as for Market Appraisal I. 

 

8.3.5 Healing Trial : VenousAid vs compression bandages (late 1998 to 

late 2000) 

 

We believe that the VenousAid device will maintain a higher compressive pressure for a 
longer period of time than compression bandages.  Compression bandages loose 50% of 
their compressive effect within 24 hours.  Therefore, we expect the VenousAid 
Stocking to be faster at healing venous leg ulcers than compression bandages.  Thus, the 
aim of this trial is to compare the efficacy of the prototype with compression bandages 
in healing venous leg ulcers.  This study would require about 80 patients with a venous 
leg ulcer, who would be randomised to receive either compression bandages or the 
prototype.  The patients would be followed up weekly until the ulcer heals or for a 
maximum of three months.  Previous studies in our department have demonstrated that 
75% of patients heal their venous leg ulcers after three months of compression therapy.  
Thus, with VenousAid we aim to be equivalent to or improve on this result. 

 

If the VenousAid device was significantly better at healing venous leg ulcers than 
compression bandages, this would be a very powerful result for marketing.  If it was as 
effective as compression bandages but easier to use and comfortable for patient to wear 
this would also be a powerful result. 
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8.4 Refinement of design 

 
There are four components of the design that require refinement: 

• the material to be used in the cover; 
• the design of the cover in terms of whether the foot should be enclosed or 

not; 
• the method by which the material is fastened; and 
• the structure, design, location and internal fluid of the bladder. 

 

8.4.6 Material for the Stocking 

 
The cover for the Stocking is anticipated to be a short-stretch material.  While 
elasticated material similar to that used in elasticated stockings could be used, such a 
material will probably dissipate the compression effect of the internal bladder outwardly 
instead of inwardly. 
 

8.4.7 Design of the Stocking cover 

 
The main issue is whether to enclose the foot or not.  Work to date suggests that firm 
compression of the foot may not be necessary.  If the foot is not enclosed there is the 
potential problem of the foot swelling and the lower edge of the cover around the ankle 
acting as a tourniquet.  If the calf alone is enclosed by the cover: 
• the cover may ride up the leg and need to be held in place with a strap going down 

laterally around the heel and attached on the other side of the ankle.  This would be 
similar to horse riding pants with a stirrup around the ankle; and 

• another issue is whether ulcers just below the ankle need to be covered such as with 
a heel cover.   

 
If it is decided to enclose the foot then the issue arises of whether this should be: 
• a sock of elasticated or non-elastic material; and 
• whether this should have an opening and be fastened as the sleeve on the calf. 
 

8.4.8 Sizes for Stocking cover 

 
For the cover, as a starting point, the range of sizes could be similar to that used for 
elastic stockings.  Depending on the adjustability of the final product, the number of 
sizes could either be smaller or greater than for stockings.  A separate evaluation of 
sizes will need to be undertaken, initially with the manufacturer, and if necessary, in a 
clinical evaluation.   
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8.4.9 Method of fastening the material 

 
The method for fastening the material is most likely to be Velcro-type fasteners in a 
cross-over design or pulled through a buckle for better leverage.  However a number of 
other methods could be examined such as: 

• zippers; 
• a belt of material with a central buckle whose position can be adjusted, 

similar to those used on modern backpacks; 
• clasps or press-studs; 
• laces; 
• combination of fastening methods, one to hold the Stocking in place on the 

leg and a second to tighten the Stocking to a predetermined degree of 
compression; or 

• no fastening device (which is only feasible in conjunction with an elasticated 
cover). 

 
This method of fastening will play a crucial role in the adaptability and acceptability of 
the design.  Adaptability in terms of changing shape and size of leg with ongoing 
therapy.  Acceptability in terms of aesthetic response by patients. 
 

8.4.10 Design of the internal bladder 

 
The final part of the design is the internal bladder which will probably be made of 
plastic.  The optimal material to be used inside the bladder is yet to be determined and 
could either be a gel, water or air.  From initial testing, air appears to be best in terms of 
being the lightest, most rapid flowing material and most pleasant sensation.  Despite air 
being the most easily compressible material, it has been shown to be effective in 
improving the calf muscle pump.  The bladder could either have a predetermined or 
adjustable volume.  The latter would require some form of valve to allow filling and 
emptying of the bladder.  Such a valve could be a combination pump and release valve, 
similar to pumps used in Nike Air Shoes. 
 
Our work to date suggests that air and a sealed (fixed) volume does give effective 
improvement of the calf muscle pump. 
 

8.4.11 Sizes of bladder 

 
A range of 3 sizes for the bladder have been estimated by our team.  These are 
described in a separate document called Development work to date. 
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8.5 Market testing 

 
The market testing of promising prototypes will enable a clearer delineation of the 
potential market size and acceptance.  The accurate determination of the potential 
market for the VenousAid Stocking is very important.  If the market size is too small or 
the product not acceptable to patients then there is no value in pursuing its 
commercialisation.  Organising such marketing studies will be the responsibility of the 
industrial partner.  Initially, the testing could be conducted under the auspices of the 
Fremantle Leg Ulcer Clinic, as part of the proposed Market Appraisal I & II studies.  
However, later such analyses may need to be examined in the wider market place. 
 
Market testing (in addition to what has been described in Sections 8.3.3 & 8.3.4) would 
be conducted for: 

• levels of consumption by the users; 
• recommendation of doctors or nurses or pharmacists; 
• how various price levels affect potential sales volume; 
• how various warranty, maintenance and sales programs influence sales 

volume; and 
• what the most favourable methods of distribution are. 

 

8.6 Launch of VenousAid in September 1998 

 
The proposed launch of VenousAid would be at the XIII World Congress of the 
International Union of Phlebology which is being held in Sydney on September 6 - 11 
1998.  The plan is to submit two abstracts early in 1998 describing the results from 
Market Appraisal 1 & II for presentation at the conference.  This would be combined 
with the launch of VenousAid through the usual marketing methods at the conference, 
even having a workshop to demonstrate the application of VenousAid on a patient.  
Subsequent conferences on phlebology would be suitable for presenting results from the 
Healing Study. 
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9. ESTIMATED COSTING 

 

9.1 Patenting & prototypes 

 
The full cost of patenting and prototype development is envisaged to be borne by the 
industry partner. 
 

9.2 Cost of testing function 

 
The functional assessment of the prototypes would be conducted in the Vascular 
Laboratory at Fremantle Hospital with patients form the Leg Ulcer Clinic.  In Table 4 
the estimated cost of testing the function of prototypes in the first year are depicted. 
 
Table 4: Estimated cost of testing prototypes in 1998 

 

Item Cost 

Research assistant for functional testing - 1 year $48,000 

Liaison by Yvonne Vandongen $10,000 

Supervision by both Michael Stacey, Eugen Mattes $30,000 

Stocking tester $3,000 

Air plethysmograph $16,000 

Maintaining equipment and consumables in Vascular laboratory $25,000 

Total $132,000 

 
 

9.3 Possible additional source of funding for development 

 
The following sources for additional funding of the development of the VenousAid 
Stocking all require the financial support of an industry partner, preferably based in 
Australia. 
 
 
 
 
 

9.3.1 R&D Start programme 
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The aim of the programme is to assist small and medium sized enterprises which have 
limited capacity to fund research and development (R&D) and to achieve an increase in 
the number of R&D projects with high commercial potential. To encourage the 
commercialisation of such projects and private sector investment in R&D. 
 
The R&D Start programme is a competitive grants and loans programme to support 
projects that: 
• demonstrate a clear commercial focus with high potential rates of return;  
• link leading industrial research with management and financial capability; 
• would not otherwise be undertaken by firms without government support;  
• provide net national economic benefits; and  
• are performed in Australia.  
 
Funding for up to 3 years is provided for expenditure of up to 50 per cent of the cost of 
a project. The programme is sufficiently flexible to address the realities of the small 
business sector, including the fact that many small, technology-based firms may have 
only a small management team. It also assists those small firms which may find the cost 
of applying for the 125 per cent tax concession too high compared with its financial 
benefit. 
 
An example: 
 
Cortecs Australia Pty Ltd was awarded $2.21 million to develop a multivalent oral 
vaccine to prevent middle ear and respiratory tract infections which will involve the 
identification and isolation of bacteria antigens, the development of innovative 
molecular biology technology and the combination of these into a novel formulation for 
prevention of otitis media and respiratory tract infections. The project has considerable 
commercial potential and is capable of reducing long-term health care costs, improving 
quality of life and enabling the cost effective treatment of this major childhood illness. 
 

9.3.2 National Health & Medical Research Council (NHMRC): 

Development Grants 

 
The Development Grant applications need to be submitted to the NHMRC by early 
March of each year and will not receive funding until the following year.  Development 
Grants are designed to support development work undertaken on processes, techniques 
or procedures arising from fundamental biomedical research and which are now close to 
marketing to the community. For example, funding may be provided for such ventures 
as producing a working prototype of a piece of medical equipment. 
 
There must be potential benefits to the Australian community from the development, 
particularly health and cost benefits for the Australian health care system. There should 
also be commercial potential, particularly for export markets. Researchers are expected 
to have funding from a significant commercial collaborator to a level at least matching 
that being sought from the NHMRC. 
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9.4 Identifying and planning for potential liabilities 

 
The liabilities both legal and financial will initially be borne by UWA and later by the 
proposed industry partner.  Such liabilities will need to be incorporated in any legal 
agreement.  The type of liabilities would include: 

• death, injury, bankruptcy or withdrawal of originators, or industrial partners; 
• exposure to debts and claims;  
• defence of any illegal copying of intellectual property; and 
• any liabilities emerging from patients involved in the testing of various 

prototypes. 
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10. PROPOSED TIMETABLE 

 
Table 5:  Proposed timetable for commercialising the VenousAid Stocking 

 
Year Qrtr Activities 

1998 1 1. Complete patent application including worldwide patents for VenousAid 
Stocking by February 1998 

2. Development agreement with industry partner 

3. Possible NHMRC grant application 

4. First prototype developed 

5. Functional evaluation of first prototype (February - March 1998) 
• test 15 patients with APG & digital PPG walking on treadmill; 
• compare with stockings & compression bandages. 

6. Concurrent further prototype development with industry partner 

 2 1. Functional evaluation of second prototype (May 1998) 

• + testing different sizes 

 3 1. Market Appraisal I - patients with leg ulcers (May - August 1998) 
• cross-over trial of bandages vs VenousAid in 20-30 patients; 
• assess acceptance by patient & domiciliary nurse; and 
• reduction in ulcer size. 

2. Market Appraisal II - patients with healed leg ulcer & unable to wear 
stockings (May - August 1998) 

• ~ 30 patients from elastic stocking trial 

3. XIII World Congress of the International Union of Phlebology in Sydney 
on 6-11 September 1998.·  

• launch VenousAid; and 

• present Market Appraisal I & II. 

 4 1. Commence Healing Trial of VenousAid vs compression bandages (late 
1998 to late 2000) 
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10.17 CH6:  RESULTS OF TESTING THE VENOUSAID PROTOTYPES 
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1. LEG SIZES: DIFFERENT BLADDER SIZES 

 
Using the different leg measurements taken from 104 patients from the Fremantle 
Hospital Leg Ulcer Clinic (see Appendix 5.1) we divided the leg dimensions into 3 leg 
lengths (cm) as seen in Table 1. 
 
Table 1: Dividing leg dimensions into 3 leg lengths (cm) 

 
 Length (A-D) Foot (length) Foot (circum) Ankle (b) Calf (c) 

1 29-39.9 21-27 19-29 15.5-37 23.5-52 

2 40-45 21-28 19-30 16-31 25-58 

3 45.1-51.5 23-29 21-29 20-35 26-58 
 

NB: range from minimum to maximum (cm) 
 

A-D
b

c

foot (circum.)

foot (length)  
 

1.1 Proposed range of sizes for pneumatic bladder 

 
 

 Length sleeve 
(A-D)* 

Foot length of 
bladder    

(excludes toes)* 

Foot width of bladder* 

1 30 19 8 

2 36 20 9 

3 42 22 10 

*cm 
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Length sleeve (A-D)

Foot length

Foot width

 
 
Figure 1: Dimensions of pneumatic bladder 

 
 
NB 
• length sleeve (A-D) - sleeve length = from ground where sleeve inserts into bladder 

up to top of functional end of sleeve ie inside seam (which will be about 6 cm below 
knee) 

• foot length of bladder = from heel to ball of foot excluding toes therefore minus 5cm 
from foot length above (Section 1.3). 

• foot width of bladder = width at widest part of foot from the first (base of big toe) to 
fifth (base of small toe) metatarso-phalangeal (MTP) joints. 
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2. TESTING VENOUS FUNCTION WHILE PATIENTS ARE WALKING 

 
We wanted to assess new forms of compression therapy which were meant to exert their 
effect while patients were walking.  This necessitated developing a method for 
assessing venous function on walking.  We used digital photoplethysmography (D-PPG) 
and air plethysmography (APG).  These are complimentary methods with the D-PPG 
measuring changes in the circulation in the skin and APG measures changes in the 
volume of the leg with an air filled cuff around the calf.  Using these methods of 
measuring venous function, we compared venous function assessed by standard 
methods at rest and while patients were walking on a treadmill.   
 
Fifteen patients (7 females : 8 males) from the Fremantle Hospital Leg Ulcer Clinic 
were tested.  The changes in venous function between standard methods and with 
walking on a treadmill were compared using a Wilcoxon matched pairs signed rank test.  
The results were as follows: 
1. venous reflux improved with walking with a median increase in venous refilling time 

of: 
• 2.6 seconds as measured by the APG (p=<0.01); and 
• 3 seconds as measured by the D-PPG (p=<0.01). 

2. venous outflow improved with walking with a median increase in: 
• ejection fraction of 20% as measured by the APG (p=<0.01); and 
• venous pump power of 0.1 % as measured by the D-PPG (p=0.7). 

 
We concluded that:  
• walking improves venous reflux and possibly venous outflow, hence that venous 

function while walking is different from being measured in the standard laboratory 
methods.  Therefore in order to assess the effect of new compression devices meant 
to exert their benefit during walking venous function needs to measured with people 
walking on a treadmill; and 

• D-PPG & APG are suitable for assessing venous function while walking. 
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3. TESTING THE FIRST PROTOTYPE - BLADDER OF ONE SIZE 

 

3.1 Abbreviations 

 
 
skin  = nothing on the leg 
2C  = 2 comprilan (short-stretch) bandages with an empty bladder  
     underneath 
2C+120  = 2 comprilan bandages and 120ml air in bladder 
2C + 240  = 2 comprilan bandages and 240ml air in bladder 
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3.2 D-PPG: Venous pump power while walking on a treadmill (Vmax) 

 
 Vo max during exercise (Vmax)  

Patient skin 2C 2C+120 2C+240

1 3.7 0.8 2.7 13.9
2 6.5 5.7 4.3 5.4
3 7 20 20 20
4 2 5.3 6.9 7.1
5 3 0.6 1.7 1.2
6 1.4 20 20 14.3
7 4.5 1.8 5.4 5.3
8 6.8 10 20 20
9 9.9 20 20 20

10 1.8 20 20 14.5

MEAN 4.7 10.4 12.1 12.2
Median 4.1 7.9 13.5 14.1
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3.3 D-PPG: Venous pump power AFTER walking on a treadmill (Vo) 

 
 Venous pump power at end of 

exercise (Vo) 

Patient skin 2C 2C+120 2C+240 

1 4.2 1.6 3.5 3.2 
2 5.5 3.3 1.7 2.5 
3 9.7 1 4.1 9.6 
4 1.8 1 2.6 2.7 
5 3.3 1.6 2 1.7 
6 0.4 1.6 2.2 2 
7 5 2.1 4.2 4 
8 6.9 4.6 6.6 4 
9 6.7 7.7 9.1 7.4 

10 1.4 9.5 10.5 8.2 

MEAN 4.5 3.4 4.7 4.5 
Median 4.6 1.9 3.8 3.6 
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3.4 D-PPG: Venous pump power AFTER walking: comparing bandages 

alone and with 120ml of air  
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3.5 D-PPG: Venous refilling time AFTER walking on a treadmill  

 
 Venous refilling time (To in s) 

Patient skin 2C 2C+120 2C+240

1 16.7 13 18.3 11.3
2 45.8 42.3 31.4 40.8
3 47 3.7 23.4 16
4 9.4 8.1 30 23
5 12.7 18 18 24.7
6 6.7 13.7 17.3 19
7 7.3 9.3 8.7 7.7
8 36.3 30 34.3 32.3
9 13.3 6.4 19.5 12.3

10 7.7 3.7 17.2 24.3

MEAN 20.3 14.8 21.8 21.1
Median 13.0 11.2 18.9 21.0
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3.6 Statistics comparing 2C versus 2C+120ml 

 
 2C* 2C+120ml* p-value# 

Vmax 7.9 13.5 0.075 

Vo 1.9 3.8 0.025 

VRT 11.2 18.9 0.051 

    
* median values 
#Wilcoxon signed ranks test 
Vmax = Maximum venous pump power during exercise 
Vo = Venous pump power after exercise 
VRT = Venous refilling time after exercise 
 



 

 

12

 

3.7 APG: Venous volumes 

 
 APG - standing with foot off the ground 

 VV   VV - post test PVEV - VV 

Patient skin 2C 2C-skin skin 2C 2C-skin skin 2C

1 185.2 26.7 -158.5 228.6 140 -88.6 43.4 113.3
2 91.3 32.6 -58.7 109.5 50 -59.5 18.2 17.4
3 108.3 21.4 -86.9 124 42.3 -81.7 15.7 20.9
4 65.9 25 -40.9 47.7 . . -18.2 .
5 67.4 19.2 -48.2 67.4 26.3 -41.1 0 7.1
6 73.9 13 -60.9 87 38.6 -48.4 13.1 25.6
7 38.6 31.2 -7.4 146.7 100 -46.7 108.1 68.8
8 34.6 25 -9.6 71.2 62.5 -8.7 36.6 37.5
9 104.3 9.4 -94.9 100 29.4 -70.6 -4.3 20

10 139.1 18.8 -120.3 205.3 56.5 -148.8 66.2 37.7
11 128.6 6.2 -122.4 160.0 37.0 -123 31.4 30.8
12 125.0 35.2 -89.8 185.7 59.1 -126.6 60.7 23.9

MEAN 96.9 22.0 -74.9 127.8 58.3 -76.7 30.9 36.6
Median 97.8 23.2 -73.9 116.8 50.0 -70.6 24.8 25.6

 

Venous volume before (VV) and after 
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3.8 APG: Ejection volume with one (x1) and ten (x10) tiptoes 

 
 Tiptoe (x1)  Tiptoe (x10)   

 EV   EF EV EF  

Patient skin 2C 2C-skin skin 2C 2C-skin skin 2C 2C-skin skin 2C 2C-skin

1 19.8 7.6 -12.2 10.7 28.3 17.6 48.8 12.2 -36.6 26.3 45.8 19.5
2 39.9 13 -26.9 43.7 40 -3.7 66.7 21.8 -44.9 73 66.8 -6.2
3 54.9 8.1 -46.8 50.7 37.8 -12.9 61.1 7.5 -53.6 56.4 34.9 -21.5
4 25.8 9.4 -16.4 39.1 37.5 -1.6 33 11.8 -21.2 50 47.2 -2.8
5 46.4 13.5 -32.9 68.8 70.1 1.3 44.2 7.7 -36.5 65.6 40.1 -25.5
6 19.5 4.3 -15.2 26.4 33.4 7 26.1 9.4 -16.7 35.3 72.6 37.3
7 16.3 12.5 -3.8 42.2 40 -2.2 22 17.4 -4.6 56.9 55.6 -1.3
8 27.6 3.6 -24 79.8 14.3 -65.5 32.1 6.5 -25.6 92.7 26.1 -66.6
9 66 4.9 -61.1 63.2 52 -11.2 94.9 6.9 -88 91 73.8 -17.2

10 10.9 4.2 -6.7 7.8 22.2 14.4 11.9 6.6 -5.3 8.6 35.4 26.8
11 61.6 3.3 -58.3 47.9 53.2 5.3 85.7 4.2 -81.5 66.6 66.9 0.3
12 28.5 3.4 -25.1 22.8 9.6 -13.2 32.6 4.9 -27.7 26.1 14.0 -12.1

MEAN 34.8 7.3 -27.5 41.9 36.5 -5.4 46.6 9.7 -36.9 54.0 48.3 -5.8
Median 28.1 6.3 -24.6 43.0 37.7 -1.9 38.6 7.6 -32.1 56.7 46.5 -4.5
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3.9 Statistics comparing skin versus 2C 

 
 skin* 2C* p-value# 

VV 97.8 23.2 0.002 

EV with 1 tiptoe 28.1 6.3 0.002 

EF with 1 tiptoe 43.0 37.7 0.638 

EV with 10 tiptoes 38.6 7.6 0.002 

EF with 10 tiptoes 56.7 46.5 0.433 

    
* median values 
#Wilcoxon signed ranks test 
VV = venous volume 
EV = Ejection volume 
EF = Ejection fraction 
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3.10 Testing first prototype: looking at specific relationships 

 

3.10.1 Venous pump power (after exercise) vs venous volume 
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3.10.2 Venous pump power (after exercise) vs venous volume under 

bandages 

 

Venous pump power vs venous volume

Venous volume with bandages (mls)
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3.10.3 Venous pump power (after exercise) vs leg length (A-D) 

 

Venous pump power vs leg length
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4. TESTING THE SECOND SET OF PROTOTYPES - 3 BLADDER SIZES 
AND USING D-PPG 

 

4.1 Abbreviations 

 
 
Calf   = short-stretch bandaging around calf and foot uncovered  
     & bladder empty 
Calf + vol1 = Calf above + either 180 ml of air in small or medium sized bladders  
     and 420 ml in large bladder 
 
Leg  = short-stretch bandaging around calf and foot 
     & bladder empty 
 
Leg + vol1 = Leg above + either 180 ml of air in small or medium sized bladders  
     and 420 ml in large bladder 
 
 

4.2 Venous pump power AFTER exercise 
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4.3 Venous refilling time AFTER exercise 
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4.4 Statistics comparing calf, calf+vol1, leg & leg+vol1 

 
 Calf* Calf   

+   
vol1* 

Leg* Leg   
+   

vol1* 

Calf   
vs 

Calf+vol1# 

Calf   
vs   

leg# 

Leg   
vs   

leg+vol1# 

Leg+vol1   
vs   

calf+vol1# 

Vo 2.6 3.8 2.7 2.6 0.56 0.82 0.53 0.04 

VRT 15.4 15.7 10.6 11.0 0.58 0.09 0.33 <0.01 
 
* median values 
#Wilcoxon signed ranks test 
Vo = Venous pump power after exercise (%) 
VRT = Venous refilling time after exercise (seconds) 
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5. APPENDICES 

 

5.1 Leg measurements- patients from leg ulcer clinic 

 
No Leg Ankle (b) Calf (c) Length (A-D) Foot (length) Foot (circum) 

1 R 19 26 29 25 19 
2 L 24.5 41 29.5 26 24 
3 L 17 26 33 21 21 
4 R 23 33 33 21 22 
5 L 15.5 23.5 34 22 20.5 
6 R 22.5 33 34 24 27 
7 R 21 32 35 26 23.5 
8 L 21 30.5 35.5 23 23 
9 L 21.5 36 36 21.5 22.5 

10  18 30.5 36 21.5 23 
11 R 30 45 36 23 29 
12 R 23 33 36 22 23 
13 R 24 26 36 23 22 
14 L 18 27 36 22 19 
15 R 28 45 36 22.5 26 
16 L 18 27.5 36 23.5 20 
17 L 19.5 30.5 36 24 23 
18 R 20.5 34 37 24 22 
19 L 26 40 37 27 27.5 
20 L 21.5 30 37 24 22 
21 R 24 39 37 25 22 
22 L 21.5 35 37.5 25.5 23 
23  21 32.5 37.5 23 23 
24 R 29 44 38 23.5 24.5 
25 R 25 31.5 38 27 28.5 
26 R 24 46.5 38 24 25 
27 R 37 52 38 21 26.5 
28 L 20 31.5 38.5 24 20 
29 L 21 31 39 23.5 22 
30 R 18 35 39 23.5 22 
31 R 20 33.5 39.5 26.5 24 
32 L 24 37 39.5 24.5 24 

       
       

33 R 21 30 40 24 25 
34 L 19 33.5 40 23.5 20.5 
35 L 24 36 40 24 23 
36 R 27 38 40 25 28 
37 L 25.5 47 40.5 24 24 
38 L 25 37 40.5 24 23.5 
39 R 20.5 30.5 40.5 22.5 19 
40  16 25 41 25.5 21.5 
41 R 19 27.5 41 21 21.5 
42  21 33 41 27 25 
43 R 25 42 41 26 26 
44 R 24 34.5 41 24 24.5 
45 R 20 29 41 28 23 
46 R 22.5 35 41 23 22 
47 R 22 37 41 23 24 
48 R 27.5 43.5 41.5 24.5 25 
49  23 32.5 42 23.5 24.5 
50 L 24 36.5 42 24.5 25 
51 R 20.5 31.5 42 24 20 
52 R 22.5 34 42 25 24.5 
53 R 27.5 54.5 42 24 25 
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54 L 19 25 42 23 20 
55 L 21 33 42 24 21.5 
56 R 21 41.5 42 22 22.5 
57 L 22.5 33.5 42 24 24.2 
58 L 21.5 38 42 26 22 
59 R 21 30 43 26 24.5 
60 R 23 46 43 26 26 
61 R 26 40.5 43 24 23 
62 R 24.5 40 43 23.5 22.5 
63 R 19.5 29.5 43 25 22.5 
64 R 20 29 43 24 25 
65 R 19.5 38.5 43 23 25 
66 R 21 34 43 24 23.5 
67 R 23 36 43 27 25 
68 L 26 44.5 43 26 26 
69 L 23.5 32.5 43 22 23 
70 R 31 58 43 27 30 
71 R 27.5 47 44 27 24 
72 R 25 46.5 44 25 22 
73 L 21 35 44 26 21.5 
74 R 23 38 44 26 25 
75 L 26 38 44 27 25 
76 L 18 26 44.5 24 21.5 
77 R 19.5 31 45 26.5 23.5 
78 L 24 37.5 45 23 23.5 
79 L 25 45 45 27 27 
80 L 22.5 39.5 45 27 24.5 
81 R 24.5 39.5 45 24.5 24 
82 R 26.5 30.5 45 27 27.5 

       
No Leg Ankle (b) Calf (c) Length (A-D) Foot (length) Foot (circum) 

       
83 L 24 40 45.5 23 26 
84 L 23 32 46 24.5 24 
85 L 25 39 46 25 26.5 
86 R 20 26 46 25 24.5 
87 L 20 35 46 23 21 
88  22.5 34 46 28 26 
89 R 35 55 46 28.5 28 
90 L 23.5 41.5 47 25 23 
91 L 23 27.5 47 26 26.5 
92 L 25.5 40 47.5 27 25 
93 R 30 38 47.5 28 25.5 
94 R 25 39 48 27 26 
95 R 21.5 36 48 26.5 24 
96 R 30 58 49 27 29 
97 R 27 40 49 27 26.5 
98 L 25.5 40 49 26 27 
99 L 21 31 49 26 23 

100 R 20.5 38 49 25 25.5 
101 L 24 37 49 27.5 25 
102 L 26 45 51 29 28 
103 L 23.5 34 51 27.5 25 
104 R 26.5 43.5 51.5 28 27.5 
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