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Abstract 

Clearly pharmaceuticals have an important role to play in the alleviation 

of human suffering and the saving of lives. They are also, however, the 

source of much controversy, contestation and conflict, not simply in terms 

of their development, testing and marketing, but in terms of their very 

meaning and consumption. (Williams, Gabe & Davis, 2008: 813) 

This study explores the scientific and social processes that underpin an established and 

relied-upon technology, the development of pharmaceutical medicines. Despite increased 

research into public understanding, engagement or dialogue about emerging or 

controversial technologies, public perceptions about and attitudes toward already-

established scientific areas have not often been studied. In this work, the practice of drug 

discovery and development, as well as public and expert attitudes toward the development 

of conventional pharmaceutical medicines, were investigated.  

The drug discovery process was explored by investigating the total synthesis of a new 

class of antimalarial natural products, the flinderoles. This work gave rise to a new and 

efficient method for preparing structurally related bis-indole compounds using a 

ruthenium-catalysed cross-metathesis reaction. A preliminary biological evaluation of the 

new compounds identified moderate antimalarial potency against both chloroquine-

resistant and chloroquine-susceptible strains of Plasmodium falciparum. To the best of 

my knowledge, this research constituted the first example of a cross-metathesis reaction 

for the synthesis of bis-indole compounds that possess antimalarial activity. 

As well as achieving the synthesis of promising new antimalarial compounds, this 

chemistry research developed my expertise in the area of drug development such that I 

was positioned as an insider or peer researcher for the subsequent science communication 

investigation.  

Quantitative and qualitative science communication research methods were used to 

explore four aspects of public and expert awareness and attitudes about the drug 

development process. The four research questions addressed were: 

 What are public and expert attitudes toward medicine and the drug development 

process? 

 Is there alignment between experts’ motivations for drug development research 

and public perceptions of those motivations? 
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 How do experts view public understanding and attitudes toward the drug 

development process?  

 Is communication about drug development research considered to be important, 

and how can dialogue be improved or implemented? 

A survey of a general public (820 respondents) investigated public attitudes toward the 

drug development process, while a survey (115 respondents) and interviews (12 

participants) were conducted with experts in the field to explore their attitudes toward 

drug development and their perceptions of the public. Quantitative data were analysed 

using ordinal logistic regression to identify characteristics that were predictors of 

attitudes. Thematic analysis of responses to open ended questions and interviews 

provided a more in-depth understanding of expert and public attitudes.  

Results indicated that although knowledge about drug development was low amongst the 

public, the majority of both public and expert respondents considered drug development 

to be important and were accepting of this process and the use of medicines.  

However, some respondents indicated concern about motivations that drive the drug 

development process. The level of reported trust in scientists and the pharmaceutical 

industry was affected by the perceived motivations of each group. Scientists as 

individuals were seen to be pro-socially and intrinsically motivated, and therefore 

trustworthy, whereas the pharmaceutical industry was perceived as being self-interested 

and extrinsically motivated by profits. Results suggest that public and expert respondents 

made a distinction between scientists and the pharmaceutical industry. Ultimately 

however, the perceived motivations of the pharmaceutical industry, in combination with 

the level of influence the industry is seen to have over the direction of the drug 

development process, appears to contribute to a level of distrust in the process. If public 

attitudes toward and acceptance of the drug development process are to be influenced, it 

will be important to differentiate between the motivating factors that drive different 

stakeholders.  

Based on results of previous research, it was anticipated that expert respondents would 

see the public as having limited understanding and a negative attitude toward the drug 

development process. Although this study provides some support for the reported expert 

view of the public as being 'ignorant' about scientific fact, some experts were found to 

have broader conceptualisations of public understanding and attitudes. Experts mainly 

attributed public misunderstanding to the inadequacy of information provided by the 
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media, but suggested that it is possible to influence public attitudes by engaging people 

in discussion about the drug development process and the importance of and motivations 

for that research.  

Both public and expert respondents in this study considered it important to improve 

communication and public knowledge about the drug development process, and results 

indicated that the public would be receptive to engagement activities. One of the benefits 

of improved communication is that an informed individual should be better placed to 

critically evaluate scientific information for themselves and to judge the product 

accordingly. Although improved communication and public understanding of scientific 

fact is important, results of this study suggest that trust in the information provider and 

their motivations is also required if public attitudes are to be influenced. It is therefore 

important to consider what and how information is communicated.  

Overall, this research has shown that although the public perceives the pharmaceutical 

industry to have the greatest influence on the direction of the drug development process, 

scientists are some of the most trusted stakeholders in that process. Scientists are therefore 

more likely to be trusted as communicators and are well placed to provide information 

about the drug development process to the public. However, expert respondents indicated 

that they do not consider communication to be their personal responsibility, instead 

suggesting school education and media as sources of information. It is important to find 

ways to encourage scientists working in this field to increase communication and contact 

with the public, and to encourage the public to actively engage in discussion about the 

drug development process if trust in this established field of science is to be maintained. 
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1 Introduction 

Public opinions toward science and technology impact on the environment in which 

science is funded and carried out, and can affect the success with which scientific 

products or outcomes are distributed. As well as traditional risk-assessment practices, 

which take into account the known uncertainties to ask whether a new technology is safe, 

it is important to consider unknown or unanticipated consequences of a technology and 

to ask questions about how the resulting products or outcomes will be used and how 

accepting the public will be of that research. In 2004, Wilsdon and Willis suggested that 

it is members of the public, rather than scientists, who tend to ask some of these 

fundamental questions relating to any new technology, such as: 

Why this technology? Why not another? Who needs it? Who is controlling 

it? Who benefits from it? Can they be trusted? What will it mean for me 

and my family? Will it improve the environment? What will it mean for 

people in the developing world? (Wilsdon & Willis, 2004: p. 28) 

A major challenge facing public engagement is therefore to address these questions more 

directly, at a point when discussion is still able to influence the trajectories of scientific 

and technological development. There has been a shift in science communication toward 

a model that recognises the personal and contextual knowledge that the public can 

contribute to risk assessments and discussions about science and technology, compared 

with an earlier deficit model that focused on the lack of public knowledge or 

understanding about science (Longnecker, 2016). By engaging the public in discussions 

about a science or technology and acknowledging and addressing their concerns, it is 

possible to address some of the unanticipated ways that the technology might be received 

and utilised by the public, resulting in an increased likelihood that the technology that is 

developed will be useful and will be used by the public. 

If public engagement activities are to be successful, all stakeholders must value the 

engagement process and the input that both specialists and non-specialists can contribute 

to discussion. Bauer, Allum and Miller (2007) suggested that the ‘crisis of confidence’ in 

science is as much a result of scientists’ misunderstanding of the public as the public 

misunderstanding of science; thus it is important to understand how scientists form 

judgments about the public sphere (Young & Matthews, 2007).  
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1.1 Drug development, pharmaceutical industry and society 

Much focus has been placed on research about public acceptance of new technologies 

such as biotechnology, nanotechnology and stem cell research, yet public acceptance and 

attitudes toward established sciences and technologies, including the development of 

conventional pharmaceutical medicines, are often overlooked (Elston, 1997). A detailed 

investigation into motives that drive continuing research and whether communication 

between experts and publics about the drug development process should or could be 

improved will provide further insight into attitudes toward the pharmaceutical industry. 

The industry has been generally accepted and relied upon for decades, but with the 

increasing interest in complementary and alternative medicines (CAMs), attitudes toward 

pharmaceutical medicines are worth investigating.  

This project was designed to explore public attitudes toward and acceptance of drug 

development research and provides a better understanding of the extent to which the 

public is aware of the process of drug development research. It also asks whether the 

public is generally passive and accepting, active and critical, or a mixture of both, towards 

the appearance of new drugs on the market (Williams & Calnan, 1996a). Whether there 

is an appetite and need for improved communication between experts and publics about 

drug development is also considered and discussed.  

 

1.2 Research aims 

The overall aim of this project was to investigate both the scientific and the social 

processes that underpin the established and relied-upon technology of pharmaceutical 

medicine; thus the project was carried out in two distinct parts. Initially, the practice of 

research into the development of new pharmaceutical medicines was explored through a 

medicinal chemistry investigation. Subsequently, public and expert attitudes toward that 

process were investigated in an effort to determine whether dialogue between research 

scientists and the public about this area of research was considered important and whether 

science communication might be improved.  

The original aim of the medicinal chemistry research was to develop a synthetic route to 

a new class of antimalarial natural products, the flinderoles (Figure 1.1; Fernandez et al., 

2009). The flinderoles were reported to display potent antimalarial activity and have a 
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novel chemical structure, making them a promising class of compounds for a potential 

new drug candidate. 

 

Figure 1.1. A new class of antimalarial natural products, the flinderoles 

At the commencement of this research, the flinderoles had been isolated from their natural 

source (Fernandez et al., 2009) but a laboratory synthesis had not yet been developed. A 

total synthetic route for their preparation was therefore designed and it was anticipated 

that both the flinderoles and analogous compounds could be prepared via this route. 

Although synthesis of the flinderoles was not successful, a number of new bis-indole 

compounds related to the flinderole core structure were prepared. Biological assay of the 

new compounds was undertaken to test for antimalarial and/or cytotoxic activity. 

Ultimately, this project resulted in the synthesis and assay of a series of bis-indole 

compounds that are structurally related to the flinderoles and demonstrate moderate 

antimalarial activity against the malaria parasite Plasmodium falciparum. 

Concurrent with the progression of my chemistry research, I became increasingly 

interested in the social impact of drug development research. My experience and 

knowledge of medicinal chemistry research therefore provided the setting for a new 

direction in my research. In the second part of the project, four strands of research 

explored perceptions of the drug development process in the public sphere and amongst 

scientists involved in drug development.  

The structure of this project is similar to an earlier Australian study of desalination 

research and communication with the public (King, 2012; Schibeci & Williams, 2013). 

One strand of my project was designed to explore the attitudes of an interested public and 

an expert public toward medicines and the drug development process to determine the 

value placed on this technology. A second strand of research was conducted to investigate 

factors that are perceived to have an influence on drug development and whether there is 
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alignment between scientists’ motivations and public perceptions of scientists’ 

motivations. A third strand was included to explore the perceptions of expert scientists 

working in this field about public understanding of and attitudes toward the drug 

development process. The fourth strand comprised an investigation into communication 

about drug development, including whether experts in this field consider communication 

with the public to be important and whether the public is interested in knowing more 

about the drug development process. 

 Research questions  

Part 1 – Chemistry 

 Can a convergent synthetic route based on a ruthenium-catalysed cross-coupling 

reaction be developed for the preparation of the flinderoles? 

 Do bis-indole compounds related to the flinderoles display anti-parasitic activity 

against Plasmodium falciparum? 

Part 2 – Science Communication 

 What are public and expert attitudes toward medicine and the drug development 

process? 

 Is there alignment between experts’ motivations for drug development research 

and public perceptions of those motivations? 

 How do experts view public understanding and attitudes toward the drug 

development process? 

 Is communication about drug development research considered to be important, 

and if so, how can that communication be improved or implemented?  

 

1.3 Thesis Overview 

As this project comprised of research in two different disciplines, the work has been 

presented in this thesis in the formats that are typically used for the respective disciplines, 

rather than endeavouring to integrate the disciplinary differences. The chemistry research 

encompasses the early stages of a drug discovery project and serves to demonstrate my 

insider knowledge of the area. It therefore stands as a complementary but separate entity, 

apart from the science communication research, and is presented in Chapter 3. The 
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background information, experimental procedures and all literature references that are 

relevant to my chemistry research are included in Chapter 3. Chapters 4 to 8 then describe 

the methodology and results of the science communication research strands. The 

literature cited in the science communication methodology and results sections, as well 

as the introduction, literature review and discussion chapters (Chapters 1, 2 and 4-9), are 

combined in a single list of references at the end of this thesis. 

Following the current chapter, Chapter 2 provides a literature review of science 

communication research and the drug development process in the context of this project. 

The review begins with a brief introduction to the relationship between science and 

society and the communication models that have evolved over the past few decades of 

science communication research. An overview of stages involved in the drug 

development process is provided and the concept of pharmaceuticalisation is addressed. 

Public attitudes toward science are discussed and related to trust in the stakeholders 

involved in research and development. Motivations for research activity and their 

influence on public trust in science are also reviewed. Finally, a description of what is 

already known about public attitudes toward medicines and the pharmaceutical industry 

is provided.  

In Chapter 3, an overview of the significance of malaria and current antimalarial 

treatments provides the context for the synthetic study. The proposed synthetic route 

toward the flinderoles is presented and an account of the successful synthesis of 

analogous bis-indole compounds and assessment of their antimalarial activity is provided. 

The experimental details of the relevant chemical transformations and biological assays 

are presented in this chapter, as are all literature references for the chemistry introduction 

and discussion of research findings.  

Chapters 4 to 8 focus on this project’s science communication research. Chapter 4 begins 

with an overview of the social science methodology used. This is followed by a discussion 

of insider research and my own position as a peer researcher in this field. A rationale for 

the two data collection phases and for the distinctions that are made between participant 

cohorts is provided. The methods used for data collection and the quantitative and 

qualitative techniques used for data analysis are described. 

Results of the science communication research are presented in Chapters 5 to 8. Each 

chapter addresses one of the four research strands described previously. Public and expert 

attitudes toward the use of medicines and the drug development process are presented in 
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Chapter 5, which includes an exploration of public perceptions of factors that influence 

the drug development process, as well as public interest and knowledge about the process. 

Public responses are compared to expert responses. Chapter 6 reports on motivations that 

expert respondents identified as contributing to their pursuit of a career related to drug 

development. A comparison with the public perception thereof is included. Chapter 7 

presents expert respondents’ views of public knowledge and attitudes toward the drug 

development process. A discussion of expert views on communication and public interest 

in drug development is provided in Chapter 8.  

The major conclusions of this project are summarised and discussed in Chapter 9 and 

recommendations for future research are made.  

 

1.4 Originality and significance of the project 

Due to a reported lack of public trust in the pharmaceutical industry (Lofstedt, 2007; 

Williams, Gabe & Davis, 2008) and a steady increase in the pharmaceuticalisation of 

society (Abraham, 2010; Bell & Figert, 2012), this research project makes a contribution 

to the literature about public attitudes toward science and the pharmaceutical industry. 

Public concerns seem to extend less often to technologies that have historically been 

conceptualised and accepted for everyday use, such as computer electronics, 

communication technologies and appliances (Veen et al., 2011). Similarly, there have 

been fewer reports of public concerns about the safety of health-related technologies, such 

as artificial pacemakers and cochlear or other bionic implants. The general acceptance of 

these technologies is likely to be due in part to the mass media’s presentation of these as 

examples of the success of technological medicine. While there are ethical considerations 

regarding the use of medical implants (for example, the deaf community's reaction against 

cochlear implants as threatening their cultural language, values, etc. (Crouch, R. A., 

1997)) these discussions are beyond the scope of this thesis. 

Research into public opinions and understanding about science has therefore historically 

focussed on new and more controversial areas of science and technology (e.g., nuclear 

power (Whitfield et al., 2009), genetic and biotechnology (including the development of 

genetically-modified organisms and stem-cell research; Dietrich & Schibeci, 2003; 

Savadori et al., 2004) and nanotechnology (Siegrist et al., 2007; Burri & Bellucci, 2008)), 

rather than on more established and accepted technologies. One such established field of 

science is the drug discovery and development process. To the best of my knowledge, 
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this project is the first investigation into public attitudes toward the drug development 

process. 

The use of conventional pharmaceutical medicines is widely established, yet very little 

research has been found which investigates public attitudes toward the development of 

new medicines (i.e., drugs). Related studies into public attitudes toward medical research 

tend to focus mainly on the use of specific classes of drugs, such as psychotropic drugs 

(Angermeyer & Matschinger, 2004; Partridge, Lucke & Hall, 2014) or on the opinions 

and understanding of the public towards clinical research (Madsen et al., 2002; Nielsen 

& Møldrup, 2006) and policy-making (Traulsen & Almarsdóttir, 2005). However, it is 

not known how the public perceives the scientific and research processes that underpin 

the pharmaceutical industry.  

Public awareness and acceptance of the processes and time that are involved in 

introducing a new medicine to the commercial market are critical if people are to be 

willing to use these products. The occurrence of pandemics and rapidly spread diseases, 

such as ‘swine flu’ (Influenza A (H1N1); WHO, 2009), and the re-emergence of 

previously eliminated diseases, such as polio and tuberculosis, often due to increasing 

pathogen resistance to existing treatments (Morens & Fauci, 2013), mean that 

development of new and different medicines is vital. However, the public demand for 

new treatments is not always compatible with the cost of developing a new medicine, 

either in terms of the time and funding that are required, or the delays and dead-ends that 

are typical of any research process.  

Like much international research, Australian studies have focused on public attitudes 

toward science and technology or on engagement activities that are aimed at increasing 

scientific literacy; scientists’ views of public understanding and attitudes have not been 

widely considered. This project will therefore make a significant contribution to the 

emerging area of research into ‘expert perceptions of the public’ by examining the views 

that expert scientists working in the drug development field hold about public 

understanding of the process. The expert view of public opinion is important if 

engagement activities are to be successfully implemented. This study is one of the first 

examples of the use of face-to face interviews with Australian scientists to explore their 

view of the public and communication about science (see also Schibeci and Williams 

(2013)), and hence allows for a more qualitative inquiry into expert attitudes. 
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This project also provides insight into the motivations of scientists who have chosen to 

pursue a career in the field of drug development. Earlier research has explored 

motivations of scientists for pursuing a career in science more generally (Venville et al., 

2013), and motivations of scientists working in different types of research organisations 

in related areas of science (e.g., pharmacy (Sheaffer et al., 2008) or clinical research 

(Shewan et al., 2005)). However, motivations for choosing chemistry and drug 

development research have not been explored to date.  

The growing public concern about the risks of medicines (particularly vaccines) means 

that an investigation into public perceptions of motivations behind the drug development 

process and the trustworthiness of the stakeholders involved in the process is important. 

By exploring what factors the public considered to be of most interest or concern, and 

whether the level of trust in the stakeholders conducting research has a significant impact 

on public attitudes, a clearer idea about how to communicate and engage the public might 

be achieved. 
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2 Literature Review  

2.1 Pharmaceutical medicines and the drug development 

process  

The Therapeutic Goods Administration (TGA) is the regulatory body for therapeutic 

goods in Australia and defines a therapeutic good as a product for human use in 

connection with preventing, diagnosing, curing or alleviating a disease, ailment, defect 

or injury (TGA, 2013). This can include ingredients or components in the manufacture of 

medicines or supplements. Registered medicines are defined as prescription, over-the-

counter or complementary medicines. Complementary medicines, also known as 

alternative medicines, are usually considered to include vitamin, mineral and herbal 

remedies, aromatherapy and homeopathic treatments. However, there is poor consensus 

internationally about what constitutes or defines complementary medicines. The 

Australian National Institute of Complementary Medicine (NICM) defines the term 

complementary medicines as encompassing biologically-based practices (such as dietary 

supplements and herbal medicines), and whole medical systems (such as homeopathy and 

naturopathy; NICM, 2014).  

TGA and NICM terms have guided the definitions used throughout this thesis. 

Conventional pharmaceutical medicines include prescription and over-the-counter (OTC) 

medicines (also known as non-prescription medicines). Complementary and alternative 

medicines (CAMs) include herbal remedies, alternative therapies and homeopathy. 

Nutritional supplements are defined as a separate entity. The terms ‘medicine’ and ‘drug’ 

have been used interchangeably throughout this thesis, and neither refers to illicit drugs. 

Medicines are used globally for the treatment of health problems. The World Health 

Organization (WHO) has estimated that about 65% of the world’s population, the 

majority of whom live in non-OECD (Organization for Economic Co-operation and 

Development) developing countries, have a high reliance on traditional medicines for 

primary health care (Farnsworth et al., 1985; Cragg, Grothaus & Newman, 2012). The 

remainder are more reliant on conventional pharmaceutical medicines. However, 

traditional medicines have formed the basis for many conventional pharmaceutical 

medicines, both historically and today. In 2010 for example, natural products chemistry 

was involved in producing approximately 50% of all new small molecule drug 

compounds (Newman & Cragg, 2012).  
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Pharmaceutical medicines have been said to be a symbol of an effective and functioning 

health system and comprise a large proportion of total global health spending, estimated 

at about 15% or US$440 billion (Hanson et al., 2012). Indeed, 

Medicines play a major role in protecting, maintaining and restoring 

people’s health. The regular provision of appropriate medicines of assured 

quality, in adequate quantities and at reasonable prices is therefore a 

concern for all national governments. (Hoebert et al., 2013: 1) 

The modern pharmaceutical industry arose during the 1800s when apothecaries began to 

isolate active components of plant material (i.e., natural products) and moved toward the 

wholesale production of these medicinal compounds. Early examples of natural products 

that were isolated and used in their pure state for medical use include morphine, quinine 

and strychnine. A new pathway for the development of medicines emerged from the 

discovery of medical applications for synthetic products from the research laboratories of 

dye and chemical companies. The merging of these two sources of chemical compounds 

and the emergence of pharmaceutical chemistry and pharmacology at the end of the 1800s 

laid the foundation for the beginning of the modern pharmaceutical industry (Daemmrich 

& Bowden, 2005).  

Between 1920 and World War II, the US pharmaceutical industry (one of the largest in 

the world) largely changed from a focus on manufacturing medicines to the discovery 

and development of new and effective medicines (Daemmrich & Bowden, 2005). Since 

then, a number of major scientific advances have contributed to rapid changes in the 

discovery and development process over the past century. Advances in chemistry and 

biology and the evolution of synthetic organic chemistry have allowed the modification 

of natural products and the development of non-naturally derived medicines. A shift from 

organic chemistry to biochemical pharmacology and the investigation of signalling 

pathways has resulted in numerous therapeutic breakthroughs and a better understanding 

of established medicines. There have been considerable improvements in the 

identification of pharmacological targets for medicines and, in turn, the discovery of new 

chemical entities that have formed the basis for new medicines. Improvements in 

analytical and organic synthesis techniques and the development of computational 

modelling systems has allowed the design and definition of more complex molecules. 

More recently, molecular biology has opened the way to more personalised medicines 

through breakthroughs in understanding genomes (Rowland et al., 2012). 
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 Stages of the drug development process 

The drug development process is rarely straightforward, but it is common to present the 

process as a linear continuum. This continuum begins with drug discovery, moves 

through pre-clinical and clinical development stages to the submission of a compound to 

regulatory agencies for approval, and ends with the registration and marketing of a new 

product. The successful development and marketing of a new drug requires the specific 

expertise (and collaboration) of scientists and clinical researchers from multiple 

disciplines, including medicinal chemistry, molecular biology, bio- and chemo-

informatics, pharmacology, pharmaceutical manufacturing, clinical trial operations, data 

collection and management, statistics, regulatory science and medical writing (Turner, 

2007). An example of the integration between different stakeholder groups and the 

different stages of the development process is shown in Figure 2.1.  

 

Figure 2.1. An integrated pharmaceutical network of drug development showing the 
roles of various stakeholder groups  

Note: Adapted from Kaitin, 2010. 

A brief overview of the different stages of the typical drug development process is 

provided below. For more detailed descriptions of the process, see, for example, Turner, 

2007; Evens, 2007; Lo & Field, 2009; Turner, 2010; Kaitin, 2010; and Cayen, 2011. 

Drug discovery 

The primary goal of drug discovery is the identification of a new compound that has 

potential as a drug candidate. Although early drug discovery was based on the isolation 

of natural products, modern drug discovery is largely focussed on the identification of the 

metabolic pathway of a disease state or pathogen, or on identification of an enzyme or 

receptor site. When a biological target site is identified, information becomes available 

about the appropriate class of compound that should be designed. Once a potential lead 
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compound has been identified, the synthesis and purification of the compound (and 

analogous compounds) is undertaken. If successful, this is followed by biological assay, 

whereby in vitro and/or in vivo testing of the new chemical compound/s is carried out to 

explore potency and selectivity against a disease target. Structure-activity relationships 

are also explored to identify whether structurally similar compounds have improved 

potency, selectivity and/or drug-like properties (e.g., lipophilicity, absorption, 

metabolism). By moving back and forth between the synthesis and testing stages of the 

drug discovery process, it is possible to refine the chemical structure and potency of a 

lead compound such that a new drug candidate can be developed.  

Pre-clinical research 

More detailed investigations into the effects of a drug candidate on a system are 

undertaken during pre-clinical development. In vitro studies are usually the first studies 

conducted on a drug candidate and continue throughout the development process. These 

studies are typically conducted on micro-organisms or cell cultures to explore the 

toxicology and efficacy of a new drug candidate. To assess the short-term (acute) and 

long-term (chronic) effects of administration of the drug candidate on a whole biological 

system, in vivo studies are conducted in both rodent and non-rodent animal models. 

Clinical trials 

The use of experimental clinical research to test the efficacy and safety of medical or 

dietary treatments has a long history - the first recorded clinical trial appears in the Bible, 

and the first recorded clinical trial of the modern era was conducted by James Lind for 

the treatment of scurvy (Bhatt, 2010). In the early 20th century, the well-controlled 

therapeutic drug trial was conceived, with a randomised control trial of streptomycin for 

treatment of pulmonary tuberculosis carried out in 1948 by the British Medical Research 

Council (MRC, 1948). This trial is still considered ground-breaking and the use of 

randomised allocation is now almost ubiquitous in clinical research studies. The 

Nuremberg Code, prepared in 1947, provided the first international guidance on the ethics 

of medical research involving subjects and highlights the requirement for informed 

patient consent for participation in clinical trials. As ethical guidelines around clinical 

research increased, so too did governmental oversight and regulation. Following a 

number of failures in medical safety, in particular the thalidomide scandal in the late 

1950s, government authorities began to recognise a need for controlling medical therapies 

and legislation and drug regulatory systems were tightened (Bhatt, 2010; Junod, 2014). 
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Today, three phases of clinical trials in humans are necessary before a drug candidate can 

be approved for entry to the market. Occasionally, a fourth phase of clinical trials is 

implemented after regulatory approval. 

In Phase I trials, the drug candidate is given to small numbers of healthy volunteers; 

however, in cases of terminal illnesses, such as cancer, participants who have the 

condition may be included. The goal of this phase is to ensure the safety of the drug and 

that it reaches the desired target site, and to establish how well it is tolerated by the body. 

The preferred delivery mechanism and formulation (i.e., tablet, intravenous, topical, etc.) 

is also established. 

Phase II clinical trials usually involve trialling the drug candidate with patients who have 

the targeted condition. This phase is intended to establish the effectiveness of the drug in 

treating (or preventing) the condition and to identify appropriate dosing levels. 

Phase III trials are carried out with much larger numbers of participants (often hundreds 

or even thousands) and may last for several years. The principal objectives of Phase III 

trials are to confirm the effectiveness and dosing of the drug in the typical target patient, 

to identify the nature and likelihood of any side-effects or contraindications, and to 

determine whether the benefits of the treatment outweigh the risks. To be approved by 

regulatory authorities, new drugs must be more effective or have a different mode of 

action compared to existing drugs for the same condition.  

Phase IV trials are undertaken if improvements can be made to the drug or if regulatory 

authorities have further questions about the effectiveness or safety of the drug. 

Recommendations may also be made as to how or when the new drug should be 

prescribed amongst existing treatments. 

Regulatory approval  

Following non-clinical and clinical development and trials, an application is made to the 

relevant national regulatory agency for approval of the new drug. The role of the 

regulatory agency is to approve that the drug has been "scientifically evaluated to provide 

evidence of a satisfactory benefit-risk ratio" (Turner, 2010: 15). If the new drug satisfies 

regulatory requirements, it will be approved for market sale. In some cases, Phase IV 

clinical trials or post-approval trials are conducted to generate additional information 

about the drug’s long-term safety and efficacy, or to test the drug with additional patient 

populations. 
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 Importance of new medicines  

The drug development process is important for a number of reasons. The most important 

benefits of medical innovations are the improvements to health that can be made, both in 

terms of longevity and quality of life. Cost-benefit analyses have shown that there are 

also large net social benefits from technological innovation in this area, with health 

outcomes improving as spending on the development process increases (Grabowski, 

2002; Cutler & McClellan, 2001). Medical innovation in drug development also provides 

an economic benefit to society as increases in production increase employment 

opportunities (Cutler & McClellan, 2001). 

Conventional pharmaceutical medicines also play a vital role in global development, 

notwithstanding the enduring use of traditional medicines in non-OECD countries, and 

are an important component of a number of the Millennium Development Goals (UN, 

2013). These goals include aims to reduce child mortality, improve maternal health and 

combat HIV/AIDS, malaria and other diseases. Infectious diseases have a huge impact in 

developing, non-OECD countries and the limited number of effective medicinal 

treatments for these diseases necessitates the involvement of the pharmaceutical industry. 

The WHO has reported that more than 1500 people worldwide die each hour from 

infectious diseases, with most deaths resulting from only six diseases: HIV/AIDS, 

malaria, measles, pneumonia, tuberculosis, and various forms of dysentery (WHO, 1999). 

New drug development and ensuring equitable availability globally are central to our 

ability to treat these and other diseases. However, equitable distribution is a complex issue 

and there are significant challenges to enabling access to appropriate medicines. Barriers 

to access can include poverty, poor nutrition or sanitation, inadequate health 

infrastructure and governmental regulation (for example tax and tariff policies on 

imported drugs). Although important, a discussion of these issues is beyond the scope of 

this thesis, which is focussed on attitudes toward the drug development process and its 

contribution to global development. 

Drug development is also predicted to reduce the threat of new and multiple-drug-

resistant infectious diseases in the developed world. At least thirty new infectious diseases 

appeared in the United States in the second half of the twentieth century, and new diseases 

continue to appear (Brower & Chalk, 2003). The threat and occurrence of pandemics of 

rapidly spread diseases, such as the H1N1 virus or SARS, and the re-emergence in OECD 

countries of previously eliminated diseases, such as polio and tuberculosis (increasingly 
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due to the resistance of these pathogens to existing treatments), means that the 

development of new medicines to treat these diseases is essential.  

 Pharmaceuticalisation  

In addition to increased recognition of the importance of drug development, there has 

been a considerable increase in the use of medicines over the past decades. This can be 

seen in the increased expenditure on medicines and a growth in the number of 

prescriptions that are dispensed (Busfield, 2010). Pharmaceutical medicines have become 

a dominant, if not the dominant, form of health care in Western societies and their role in 

developing countries is growing rapidly. The increased use of medicines is in a major part 

due to the success with which pharmaceutical companies have expanded their markets 

and encouraged the use of their products, increasing public demand for these products. 

This public demand for medicines is dependent on the perception of need, but is also 

highly sensitive to marketing (Croghan & Pittman, 2004). A large amount of money is 

therefore spent by pharmaceutical companies on marketing their products to prescribers 

as well as patients (Angell & Relman, 2002).  

The increase in use of medicines has been linked to the ‘medicalisation’ of society. The 

concept of medicalisation was introduced in the 1970s (Zola, 1972) as a way of exploring 

the use of medicines and the management of society when non-medical problems are 

defined or treated in medical terms, usually as an illness or disorder (Conrad, 2005; 

Conrad, 1992). In this way, medical knowledge is applied to a behaviour or problem that 

is not directly medical or biological; that is, a problem becomes defined as an illness or 

disease where it had not previously been recognised as such. For example, problems that 

were not defined in the 1970s but that are now commonly recognised as medical disorders 

include attention-deficit/hyperactivity disorder (ADHD), chronic fatigue syndrome, post-

traumatic stress disorder (PTSD), sexual dysfunction, anorexia, and even obesity 

(Conrad, 2008). Medicalisation has resulted in new categories of disease and new ways 

to treat conditions using medical intervention. The public’s tolerance of mild symptoms 

has also decreased in many countries, resulting in a "progressive medicalization of 

physical distress in which uncomfortable body states and isolated symptoms are 

reclassified as diseases" (Barsky & Borus, 1995: 1931).  

The pharmaceutical industry has become a major player in the medicalisation of Western 

society (Abraham & Lewis, 2002; Conrad, 2005) and the concept of medicalisation has 

been extended to include a focus on the pharmaceutical aspects of treatment. This has led 
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to the introduction of the term ‘pharmaceuticalisation’, which is defined as "the process 

by which social, behavioural or bodily conditions are treated or deemed to be in need of 

treatment with medical drugs by doctors or patients" (Abraham, 2009: 100). The 

pharmaceutical industry is said to play a role in transforming consumers into ‘expert 

patients’ who increasingly demand, and rely on, pharmaceutical medicines. This 

increasingly consumerist approach to health has been aided by the availability of medical 

information online, and as a result, public attitudes have become ‘pharmaceuticalised’ 

(Crawford, 1980). Scholars have begun to "take stock of the contribution of the 

pharmaceutical industry in the development of pharmaceuticals, its effect on the 

expansion of pharmaceutical use, and the role of the medical profession, states and 

consumers in this expansion." (Bell & Figert, 2012: 779). 

 Drug development today 

The decision to develop new medicines is made in the context of four domains: scientific 

opportunity, market assessment, resources required for development, and medical need 

(Croghan & Pittman, 2004). As the manufacturers of drugs, pharmaceutical companies 

have considerable influence over this decision-making process. These companies hold a 

unique market position in which they should balance both private and public interests; 

they act as free-market inventors and sellers of drugs, while serving the interests of 

society by providing an essential health service.  

Despite the influence of the pharmaceutical industry on drug development, there is no 

standard route by which drugs are developed. Many different stakeholder groups are 

involved at various stages of the process. Government regulatory bodies, such as the TGA 

and the Food and Drug Administration (FDA) in the USA, provide the structure and rules 

that the drug development process and subsequent marketing must adhere to (Croghan & 

Pittman, 2004), but research and development occurs in many different organisations. For 

example, a pharmaceutical company may decide to develop a new drug aimed at a 

specific disease or medical condition. Sometimes, scientists choose to pursue an 

interesting or promising line of research. In other cases, new findings from university, 

government, or other laboratories may point the way for drug companies to follow with 

their own research. All of these research pathways can contribute to the ultimate 

development of a new drug candidate. 

The direction and process of traditional drug discovery research, which is based on 

medicinal chemistry, is often difficult to predict because outcomes of the basic research 
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effort required to find a molecular target, develop appropriate model systems or find 

specific chemical inhibitors are uncertain (Croghan & Pittman, 2004). Innovative 

technologies, such as high-throughput screening and combinatorial chemistry, promised 

rapid advances in discovery through the identification of lead compounds from already-

established libraries of chemical compounds. However, despite a considerable increase 

in expenditure on pharmaceutical research and development over the past two decades, 

the pharmaceutical industry has been accused of achieving few gains in performance or 

efficiency in drug development since the herald of these technologies (Kaitin, 2010; 

Bradfield & El-Sayed, 2009; Angell & Relman, 2002; Müller, 2010). Accusations of an 

‘innovation crisis’ have been made based on the reported decline in the number of new 

chemical entities developed as drug candidates and approved for market consumption 

since the late 1990s. Despite arguments such as those by Munos (2009), who posits that 

there is evidence that the pharmaceutical industry has delivered innovative products at a 

constant rate for almost 60 years, the perception of an innovation crisis has contributed 

to public criticism of the industry.  

Rather than focussing on the absolute number of new pharmaceutical products that are 

brought to market, Light and Lexchin (2012: 2) suggest that "the real innovation crisis [is 

that] pharmaceutical research and development turns out mostly minor variations on 

existing drugs, and most new drugs are not superior on clinical measures." Bradfield and 

El-Sayed (2009) also claims that the majority of new drugs that are approved offer little 

or no therapeutic advance over existing products, but instead fall into a category of 

generic, ‘me too’ products that essentially treat the same problem in similar ways as 

existing drugs. As a consequence, questions have been raised about whether currently 

available medicines are able to meet society’s most pressing medical needs, particularly 

in developing countries (Gagnon, 2013; Croghan & Pittman, 2004). Criticism is often 

leveled at pharmaceutical companies who focus their research activities on drugs that are 

commercially attractive and aimed at treating the health problems of OECD countries 

rather than as-yet untreated diseases in developing countries (Busfield, 2006). According 

to Gagnon (2013: 574), "the profit motive in the pharmaceutical sector does not 

encourage the development of new drugs as the main way to increase earning capacity". 

Instead, medicines that offer greater commercial return gain the primary attention of the 

pharmaceutical industry, despite often providing less therapeutic benefit than earlier 

generations of medicines. For example, in OECD countries there has been increasing 

emphasis and investment placed on so-called ‘lifestyle’ drugs. These lifestyle drugs are 

generally used for improvements in a patient’s quality of life by treating non-life-
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threatening or non-painful conditions. Examples include drugs for weight-loss, baldness, 

wrinkles or erectile dysfunction. The demand for lifestyle drugs has given the 

pharmaceutical industry a strong motive to develop these profitable products, rather than 

less-profitable drugs that may be used in areas of greater medical need.  

In their landmark analysis of research into health and development in non-OECD 

countries, the Commission on Health Research for Development suggested that that less 

than 10 percent of global health research is focused on health problems that cause 90 

percent of preventable deaths - a correlation that has been termed the ‘10/90 gap’ 

(Commission on Health Research for Development, 1990; Keefe & Zacher, 2008). 

Although there are some critics of the ‘10/90 gap’, who believe that the greater barrier to 

improving health is access to the simple medicines for treatment of widespread curable 

and treatable conditions such as diarrhoea and malaria (Stevens, 2004), the idea has 

persisted.  

In a more recent analysis, von Philipsborn et al. (2013: 7) found that "26 poverty-related 

and neglected diseases ... contribute to 14% of the global disease burden, but only 1.4% 

of global health-related R&D expenditure." This can be demonstrated by reports that of 

more than 1500 new drugs approved between 2000 and 2011, only 4% were specifically 

indicated for neglected diseases, despite these diseases accounting for 11.4% of the global 

disease burden (Pedrique et al., 2013). Another report showed that at the time of 

publication, there were more than two dozen new drugs in development for treating 

clinical depression (PhRMA, 2003; cited in Croghan & Pittman, 2004), yet only a limited 

number of drugs were in development for the treatment of neglected diseases. Infectious 

diseases such as leishmaniasis, Chagas disease and African trypanosomiasis are often 

referred to as ‘neglected diseases’ because of the limited amount of research that is 

underway into potential new drugs. However, the WHO has estimated that diseases 

associated with poverty account for 45 per cent of the disease burden in developing 

countries (Stevens, 2004). These diseases include tuberculosis, malaria, HIV/AIDS polio 

and diarrhoeal diseases. 

Although the alleged ‘10/90 gap’ has decreased in recent times and global funding for 

health research and development has increased substantially, a gap still remains between 

overall global health research expenditure and investment into diseases that are 

responsible for the majority of the global disease burden (Viergever, 2013). More than 

80% of this research is funded by public and philanthropic organisations (Moran et al., 

2009), such as the Bill and Melinda Gates Foundation and the Drugs for Neglected 
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Diseases Initiative (DNDI). These organisations specifically support research into 

diseases that have a high health burden in non-OECD countries, including tropical 

infectious diseases and broader ‘diseases of poverty’. 

 Difficulties faced by the pharmaceutical industry 

The perceived decline in productivity and lack of innovation in the pharmaceutical 

industry with regard to the development of new medicines can be linked to a number of 

causes. There are significant time commitments, costs and risks associated with drug 

development and the regulatory environment has become more stringent in recent years, 

increasing these burdens. A typical new drug takes 14 years to develop, with three to six 

years for discovery and six to nine years for clinical development (Kaitin, 2010; Day, 

Lipworth & Kerridge, 2011). Of every five to ten thousand compounds that are 

investigated in the drug discovery stage, around 250 enter pre-clinical work-up, five 

proceed to ‘first-in-man’ studies, and only one of these will make it through clinical 

development (DiMasi, Hansen & Grabowski, 2003). The chance of success is said to 

decline yearly and fewer than one in ten drugs in clinical development will be approved. 

Only three in ten new products, on average, will generate enough revenue to recover the 

average industry research and development costs (Bradfield & El-Sayed, 2009). Research 

and development costs for new drugs, taking into account the cost of drug candidates that 

fail early in development, have been estimated to average in excess of US$800 million 

(in year 2000 dollars) for development that reaches the point of marketing approval 

(DiMasi, Hansen & Grabowski, 2003). As a profit-based, shareholder industry, the risks 

involved in drug development are substantial. 

Although the costs of drug innovation are very high, the costs of developing generic drugs 

are relatively low. Generic medicines, which are absorbed and metabolised in the same 

way as branded equivalents, are also subject to less-extensive clinical trials than more 

innovative drug candidates (Bradfield & El-Sayed, 2009). As a result, when industry 

patents on successful and highly profitable products expire, the increased production of 

generic medicines by competitors represents a loss of revenue (Grabowski, 2002). The 

patenting of innovative technologies or processes to protect revenue for an extended 

period of time is therefore an important consideration for companies within this industry.  

The ‘innovation crisis’ and decline in productivity in the research and development of 

pharmaceutical medicines over the past two decades (Paul et al., 2010; Pammoli, 

Magazzini & Riccaboni, 2011) is also in part due to the widespread industry focus on 
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pipeline quantity rather than quality. Lifestyle drugs, and those aimed at chronic diseases, 

such as hypertension, arthritis, cholesterol and depression, make up a significant 

proportion of research and development expenditure, but are aimed at an already crowded 

pharmaceutical market (Lindner, 2007).  

Increasingly, the industry is relying on the pre-clinical phase of testing to decide whether 

to pursue the development of a drug candidate (DiMasi, 2001). At the clinical stage, 

patient recruitment and retention can cause significant time delays and increased costs, 

particularly during the initiation stage of the trials (Kaitin, 2010). Additionally, drug 

companies can no longer simply demonstrate that a drug candidate is safe and effective. 

A drug candidate must therefore offer significant economic or therapeutic value over 

competitors’ products and other non-pharmaceutical treatment options in order to 

progress from pre-clinical to clinical stages of development (Kaitin, 2010). The feasibility 

of taking a new drug candidate through clinical trials must be based on a comprehensive 

risk-benefit analysis that accounts for both the potential health benefits of the drug as well 

as return on investment. 

There have been suggestions that because of the difficulties faced by the pharmaceutical 

industry in "bringing promising new drug candidates out of discovery and into 

development" (Kaitin, 2010: 357), the current drug development model may need to be 

redesigned if effective medicines are to be continually produced (Day, Lipworth & 

Kerridge, 2011). This may involve changes in the way pharmaceutical companies partner 

with or outsource to various public and private organisations, improvements in the 

integration of major scientific disciplines and stakeholders and their expertise to enable 

the identification of more targeted drug candidates, and efforts to improve understanding 

of the risks and benefits of medicine in ‘real world’ settings (Kaitin, 2010). 

The difficulties faced by the pharmaceutical industry also have an impact on public 

understanding and trust in the industry. It is important to ensure that the reasons for drug 

development as a whole, and for the selection and development of specific drug 

candidates, are understood by the public if trust in the industry is to be recovered and 

maintained. It is also important that those using medicines trust the information provided 

by the pharmaceutical industry that is generated through ‘real world’ (post-marketing) 

safety research (Day, Lipworth & Kerridge, 2011). 
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2.2 Science, society and communication 

Science is generally carried out by relatively small groups of expert researchers. The term 

‘general public’ is problematic and people are members of various public groups, who 

are the users of scientific information and technologies that are produced by experts. As 

the interpretation of scientific information by the public is often based on social context 

rather than specific scientific concepts (Priest, 1995), the acceptance of scientific ideas or 

technology is guided by social norms or the personal context in which the information is 

evaluated (Weber & Word, 2001). The public perception of scientific developments and 

applications increasingly dictates the acceptance or rejection of emerging technologies, 

thus all scientific research should include some consideration of how the resulting 

products will be used and whether the public will be accepting of that research.  

A large proportion of science is publicly funded in Australia, for example, through 

government research grants (Longnecker, 2010). Publicly funded basic research has 

significant advantages for the economic growth of a country, including increasing 

technological knowledge in society, training skilled graduates, increasing the capacity for 

scientific and technological problem-solving, and creating new scientific instrumentation, 

methodologies and even companies (Salter & Martin, 2001).  

Western governments have increasingly stressed the economic value of 

science: its role in driving economic and social development, improving 

national competitiveness and in generating commercially viable 

innovation and technology. (Wong & Westwood, 2010: 82) 

The public’s capacity to understand the scientific knowledge and technologies that are 

produced by experts is important if a nation is to contribute to and benefit from the 

worldwide scientific system. It is therefore important that members of the public are 

aware of the link between the technologies and products that they use and the scientific 

research that results in the development of these products (Miller, 2004). It is also 

important that the value of research to the individual and to society as a whole is 

recognised if science is to continue to be publically funded.  

Attitudes toward science in countries such as Australia, New Zealand, Britain, the United 

States and Canada are mostly positive (Allum et al., 2008; Besley, 2013; Nielsen, 2014; 

Searle, 2014) and the public appears to support science and to appreciate the value that 

scientific and technological research can contribute to a successful and productive 

economy and society. This contrasts with public attitudes in Europe, where people have 

been shown to be more critical and uneasy about science (Eurobarometer, 2005). Since 
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the later part of the twentieth century, more widespread public concerns about the use and 

social impact of new technologies and the government’s ability to regulate new 

developments and products have emerged and scientific and expert knowledge has 

seemingly lost a measure of authority. For example, the introduction of genetic 

modification in agriculture, the application of nanotechnology to medicine and drug 

delivery, and the threat of diseases such as bovine encephalopathy (i.e., ‘mad cow 

disease’) have had a lasting impact on the public perception of the government and 

scientists (Kurath & Gisler, 2009). The European public’s confidence in science has 

dropped and scientific discoveries and technologies can advance ahead of public 

awareness and acceptance (House of Lords, 2000). 

Public opinion and knowledge is an important aspect of engagement with science. There 

have been suggestions that to re-establish trust in science, dialogue and communication 

between scientists and the public must be improved (House of Lords, 2000).  

 General public or publics 

The word ‘public’ comes from the Latin word ‘publicus’, meaning ‘of or by the people’ 

(OED, 2013). This term public is generally used today to describe the population as a 

whole (i.e., all people in society). However, the public is not a homogeneous entity. 

People do not fit within a single segment of the population but will assume different roles 

at different times and in different contexts, depending on the personal relevance of the 

topic (Einsiedel, 2004). There are multiple groups or publics, each with their own “needs, 

interests, attitudes and levels of knowledge” (Lewenstein, 1998: 1). In the context of 

science and science communication, Burns, O’Connor and Stocklmayer (2003) have 

described six different public groups: scientists, mediators (who disseminate scientific 

information), decision- and policy-makers, and the general, attentive and interested 

publics.  

In Burns, O’Connor and Stocklmayer’s (2003) description, the general public is inclusive 

of all other public groups except scientists and mediators, and is generally used to 

describe all individuals who are non-experts (or laypeople) in the scientific area in 

question. The attentive public is defined as being those members of society who are 

interested in and reasonably well-informed about science and scientific processes (Burns, 

O’Connor & Stocklmayer, 2003). The interested public are those who are interested in 

but not necessarily as knowledgeable about science practices as experts, yet are often 

more aware of controversial issues associated with science or technology (Dietrich & 



 

 23 

Schibeci, 2003). Of particular relevance to this project are scientists and the interested 

publics. In addition to these groups, the ‘lay public’ can be defined as comprising of 

people, including other scientists, who are non-expert in a particular field. 

An alleged polarity between the lay public and experts is based on differences in the 

perceived knowledge and attitudes of these groups. However, a considerable amount of 

literature has advocated a rethinking of the distinction between these categories (Levy-

Leblond, 1992; Collins & Evans, 2002). As Levy-Leblond (1992: 17) stated, “scientists 

are ... not universal experts, [and] non-scientists are not universal non-experts." An expert 

in one field is a non-expert in another, thus there is no single knowledge gap between 

scientists and non-scientists. Rather, all individuals have a working understanding and 

contextual knowledge of the culture to which they belong, whether scientific or otherwise.  

 From science literacy and the public understanding of science to 

public engagement with science  

Science communication practices are important to society for utilitarian, economic, 

cultural and democratic reasons (Osborne, 2010). These four aspects of science 

communication are based on beliefs that: 1) the development of technical skills and 

knowledge is useful to individuals in their personal life; 2) a technologically skilled 

workforce and scientific advances contribute to the advancement of society and economy; 

3) science should be recognised as a part of our shared culture; and 4) science and 

technology affect most major decisions in society so citizens should have the skills and 

information needed to interpret basic scientific information (Osborne, 2010).  

Science communication necessarily involves consideration of the different parties that are 

involved. In the early 1990s, a ‘deficit’ model of science communication, also called the 

public understanding of science (PUS) model, was proposed (Irwin & Wynne, 1996; 

Wynne, 1992b). This model was described in the House of Lords report (2000) as relating 

to the understanding of scientific matters by non-experts. According to this model, the 

public was seen to possess a limited knowledge, understanding and ability to act on 

information about the practices and implications of science and technology. An increase 

in public knowledge or understanding was expected to lead to an improved public 

acceptance of the science or technology in question (Nisbet & Mooney, 2007) and a 

greater depth of knowledge was expected to enable people to deal with the complexity of 

new technologies (Evans & Durant, 1995).  
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Science communication and activities related to public understanding, attitudes and 

engagement with science all stem from a consensus that science literacy is important 

(Miller, 2004). Science literacy is a contested term, but is generally used to refer to a basic 

vocabulary of scientific terms and constructs and an understanding of the nature of 

scientific enquiry. Although there is no commonly accepted standard about an ideal level 

of science literacy, it has been suggested that an individuals should be literate enough to 

read and comprehend the science section of The New York Times (Miller, 2004).  

Despite the stated lack of scientific literacy amongst the public, people are skilled at 

learning the technological and often complicated facts and skills they need to know for 

everyday life without possessing a specific knowledge of the scientific concepts behind 

those processes. Lévy-Leblond (1992: 19) said that "people show an uncanny ability to 

learn what they need to know and not more". That is, citizens operate with a working 

knowledge of the science and technologies that form part of everyday life; for example, 

cooking, driving and using electronic devices. Acceptance of scientific developments is 

often based more on an individuals’ local and socio-cultural environment than on detailed 

knowledge of the science (Young & Matthews, 2007). 

Assumptions that possession of a greater understanding of scientific facts facilitates 

acceptance have led to science communication practices focused on ‘correcting’ the 

perceived deficit in public science literacy by the implementation of communication 

practices that inform and educate the public (Bauer, Allum & Miller, 2007). Science 

education and science communication has also focussed on enabling students and the 

public to be scientifically literate. Miller (2004) however, has said that improving 

scientific literacy, so that information is not only accessible to experts in a given field but 

also to members of other public groups, is insufficient. He suggests that as well as a basic 

knowledge about science, the deficit model should include research into public 

understanding of scientific content, the methods of enquiry, and the impact of science on 

individuals and society (Miller, 2004). 

In the deficit model, information has generally been aimed indiscriminately at an assumed 

passive and uninterested public, rather than by identifying specific deficiencies in 

knowledge or, more importantly, the aspects of scientific information that are the most 

relevant to a particular audience or about which the public is most interested. The 

combination of public understanding of science research and reported low levels of 

science literacy indicate that the public has inadequate scientific knowledge, but most 

research does not take into account whether the public is interested or not in science.  
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The strong deficit model focus on science literacy has also been questioned based on 

claims that the questions typically used to assess general science knowledge (such as 

‘Does the Earth move around the Sun, or does the Sun move around the Earth?’) do not 

provide a good measure of science literacy. In fact, Stocklmayer and Bryant (2011) have 

shown that these questions are often answered incorrectly by scientists. Thus expertise 

cannot be defined solely as the possession of knowledge of a large body of facts or results, 

but must also encompass the ability to understand scientific concepts and ‘knowing how 

to know’ (Lévy-Leblond, 1992; Priest, 2013).  

Improving public understanding and science literacy does not necessarily lead to a 

corresponding increase in public acceptance and interest in science (Kahan et al, 2012). 

Technical knowledge alone has been shown to be insufficient at swaying public opinion 

(Marks, 2009; Kahan et al, 2012). Rather than scientific information simply being 

accepted and absorbed by public, the purpose of science, the credibility and 

trustworthiness of scientific information and its source are also critically evaluated and 

taken into account by consumers (Bush, Moffatt & Dunn, 2001; Macnaghten & Chilvers, 

2014). An increased understanding of scientific facts can consolidate attitudes toward that 

technology, but will not necessarily improve public opinion. In fact, Evans and Durant 

(1995) showed that respondents with greater scientific knowledge were likely to hold a 

wider range of attitudes toward science, from very positive to very negative.  

The deficit model also fails to take into account the role that trust in scientific information 

and regulatory institutions may play in determining public responses to science 

(Hilgartner, 1990). Moving beyond the deficit model and the study of public knowledge 

and attitudes toward science, the focus is now placed on social interactions between 

different public groups and the various stakeholders that are involved in science, such as 

scientists, policymakers and the government (Layton, 1993; Irwin & Wynne 1996). 

Rather than a focus on one-way communication from scientists to the public, the 

‘dialogue model’ acknowledges that the public will bring their own knowledge and 

experiences to the interpretation of scientific information.  

More attention is now being paid to public understanding of the practices of science 

(Priest, 2013), to motivations behind research and scientific claims, and to overall public 

trust in science. The phrase 'public awareness of science and technology' (PAST) has been 

suggested as an alternative to the ‘public understanding of science’, and is described as 

"a set of attitudes, a predisposition towards science and technology, which are based on 

beliefs and feelings and which are manifest in a series of skills and behavioural 
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intentions." (Gilbert, Stocklmayer & Garnett, 1999: 18). Although often ignored in 

studies of the deficit model, trust in scientific information and the providers of that 

information plays a substantial role in the dialogue model as it has a considerable 

influence on the public acceptance of scientific information and products. Indeed, Dierkes 

and Von Grote (2005: 245) have said that the "analysis of credibility and trust is the most 

significant task of future research on the public understanding of science and technology". 

There has been increasing interest in public engagement and consultation since the 

introduction of the dialogic model of science communication (Davies et al., 2009; Gilbert 

& Stocklmayer, 2013). There has also been a shift to expand PUS research beyond the 

identification of public knowledge of and attitudes toward a subject (House of Lords, 

2000). The dialogic model of science communication does not exclude the need for 

information to flow from experts to public, but emphasises the equal need for scientists, 

regulators and the government to understand public concerns and issues.  

It is unhelpful to [attempt] to remedy ‘shortfalls’ in people’s science 

understandings by giving them a lot of detailed information that they are 

unlikely to find personally useful. ... People will bring their own beliefs 

and understandings to bear in judging the worth of areas of science 

research. Unless these beliefs and understandings are made explicit, 

meaningful communication is unlikely to take place. (Hipkins et al., 2002: 

113) 

Attitudes are built on trust, therefore communication about complex topics, such as 

science and technology, necessarily involve a relationship in which each stakeholder 

shows respect for the other’s beliefs and opinions and trust in the information that they 

provide (Love, Mackert & Silk, 2013). Exploring interactions between science and the 

different public groups that exist allows for better recognition and understanding of the 

attentive and interested publics who are users of the information they receive. The 

involvement and participation of the public in formal and informal science events are 

being encouraged in an effort to increase public engagement with science and technology 

(Bultitude, 2011; Longnecker, Elliott & Gondwe, 2014). There are many examples of 

successful informal science engagement events (Longnecker, Elliott & Gondwe, 2014), 

for example science cafes and performances, that have encouraged public interaction with 

science. 

In her integrated model of science communication, Longnecker (2016) asserts that 

people’s response to information depends on their personal identity. This is influenced 

by a person’s values, beliefs, attitudes as well as awareness, affect, understanding and 
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relevant skills. All of these factors are pertinent to how people respond to information 

about complex topics and how their perceptions influence their behaviour. 

 Scientists’ understanding of the public 

The first issue of the journal Public Understanding of Science included a perspective 

piece by Levy-Leblond (1992: 20) that suggested that ‘teachers and popularisers of 

science’, including science educators and communicators, should supplement "studies 

and activities on the understanding of science by the public, with studies and activities on 

the understanding of the public by scientists". About a decade later, Bauer (2003 cited in 

Kolka, 2012) suggested that the distinction between scientists and the lay public had 

become blurred and that the ‘crisis of confidence’ in science in the UK was as much a 

result of scientists’ misunderstanding of the public as the public misunderstanding of 

science. It is therefore increasingly important to understand how scientists form 

judgments about the public. Science communication research has expanded accordingly 

to include the study of expert attitudes toward science and the public, as well as exploring 

how experts view public understanding and attitudes toward science. 

Studies have also been undertaken to assess how scientists view and form judgements 

about the public. This research into the experts’ view of public understanding is diverse, 

although there has been a focus on experts’ evaluation of public engagement in the 

process of scientific policy-making rather than on experts’ views of public attitudes 

toward research and its motivating factors (Traulsen & Almarsdóttir, 2005). Examples of 

studies that have explored the expert view of public knowledge and attitudes include 

investigations into food risk (De Boer et al., 2005), GM food (Cook, Pieri & Robbins, 

2004), environmental decision making (Petts & Brooks, 2006), aquaculture (Young & 

Matthews, 2007), chemical risks (Lyytimaki, Assmuth & Hildén, 2009), robotics 

(Wilkinson, Bultitude & Dawson, 2011), renewable energy technology (Cass & Walker, 

2009; Barnett, et al., 2012) and desalination research (Schibeci & Williams, 2013). 

 Many of these studies suggest that experts from all science disciplines tend to hold a 

deficit view of lay public knowledge. Findings suggest that most scientists construct an 

imagined, homogeneous view of a public that has limited knowledge of science and is 

generally uninterested in learning new information (Maranta et al., 2003; Blok, Jensen & 

Kaltoft, 2008; Burningham et al., 2007; Mogendorff et al., 2012). This deficit view 

positions the public and scientists as mutually exclusive groups in which experts possess 

accurate scientific knowledge and the public is passive, uninterested and uninformed. 
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Young and Matthews (2007) suggest that experts consider public interpretation of 

scientific information to result in a loss of meaning and understanding. This attitude 

appears to develop early in scientists’ training; studies have shown that even 

undergraduate science students believe that "non-scientists may find the technical details 

of research too difficult to comprehend" (Edmondston, Dawson & Schibeci, 2010: 2461). 

Wilsdon and Willis (2004) reported that experts consider the public to focus on the 

consequences of technology as well as the commercial aspects of its introduction to the 

consumer market, rather than understanding what factors initiate scientific innovation.  

Attitudes and value judgements often play a stronger role in the acceptance of science 

than scientific facts (Fennis, 1999; Kahan et al., 2012). As communication and public 

engagement require there to be trust in the information that is being provided, as well as 

in the source of information, it is important to understand public attitudes and trust in the 

motivations that stimulate research when considering public engagement with science. 

 

2.3 Public attitudes toward science 

 Attitudes  

Attitudes toward science are the feelings, values and beliefs about the scientific process 

or the end products of this process, which often comprise new technologies or products 

(Osborne, Simon & Collins, 2003). Many factors contribute to the formation of attitudes 

about science, including the purpose of science, anxiety about the impact of scientific 

developments, perceived motivations for research, enjoyment or interest in science, and 

the attitudes of others toward science (Osborne, Simon & Collins, 2003; Macnaghten & 

Chilvers, 2014). Favourable attitudes toward science are based on the acceptance of 

scientific enquiry as a way of thought, the adoption of scientific attitudes, an enjoyment 

and interest in learning about science and participation in science-related activities 

(Klopfer, 1971).  

The benefit of public support for science is difficult to quantify, but it has been suggested 

that at least some measure of support is required to ensure that research continues to be 

funded and implemented (Salter & Martin, 2001). Public support is important in the early 

stages of science when funding is a necessary consideration. Governments are a major 

source of funding for scientific research in public organisations (Longnecker, 2010) and, 

as political parties are influenced by public attitudes when deciding on funding priorities, 
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these attitudes have an influence on funding priorities (Critchley & Nicol, 2009). Public 

support is also important in the end stages of research because the end product must often 

be accepted, sanctioned and used by consumers (Fisher, Cribb & Peacock, 2007). At all 

stages of scientific research, questions should therefore be asked about how the products 

or developments resulting from that research will be used and how supportive the public 

would be towards those outcomes.  

However, attitudes toward science, technology and medicine are also based on 

differences in the various types of public that exist. For example, terminally ill patients 

may want faster access to new, potentially life-saving drugs (Dresser, 2001; Chahal, 

2010), but other stakeholders (such as public health advocates, scientists, government 

officials) may believe that early availability to these drugs might compromise the quality 

of clinical research data and cause harm to other patients (Schüklenk & Lowry, 2009). As 

a consequence, public attitudes and support for science are difficult to promote 

consistently because of the different expectations of science that are present within 

society. The definition of the public must therefore be considered when promoting public 

support for science. 

 Perception of risk 

As attitudes are strongly influenced by worldviews, ideologies, and values (Slovic, 1999; 

Veen et al., 2011), the degree to which the public will accept an area of science or 

technology is influenced by the affective or value judgements that are made about that 

technology (Sjoberg, 1998; Poortinga & Pidgeon, 2003). Value judgements include an 

individual’s anxiety level and aversion to risk, as well as a self-perceived lack of 

knowledge. The level of public understanding or knowledge about a new technology, the 

regulation or social control behind it and the belief that it will be of practical use are other 

factors that influence attitudes toward science.  

Although a new technology may deliver benefits or improvements over existing practices, 

it may also introduce risks to health, the environment, or society. The acceptance and use 

of technology is therefore dependent on the perceived balance between its risks and 

benefits (Manyweathers, Taylor & Longnecker, 2015). In addition to affective 

judgements, the perceived risks of a technology play a crucial role in the acceptance 

process. An individual’s perception of risk has a greater impact on their attitude toward 

that technology than their understanding of the technology and the underlying technical 

details and principles. Considerable research has focused on understanding the public 
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acceptance of technologies and the perception of risks and benefits of the technology 

(Gupta, Fischer & Frewer, 2011). 

The concept of a ‘risk society’ was first introduced by Beck (1992) to describe the 

expanding and deepening public awareness of risk, both real and perceived. In modern 

society, scientific risk is seen to have increased and uncertainty has become more 

pervasive. Sztompka (1999: 39) described these new forms of uncertainty as 

"‘manufactured uncertainty’ or ‘techno-scientifically produced risks’". In general, there 

is higher tolerance of risks that are seen to be controllable, compared with those over 

which there is a perceived lack of control (Slovic, 1987). As a result, the introduction of 

technologies with new and unknown risks has been associated with high levels of public 

concern.  

Risks associated with some new technologies, both real and perceived, have had a greater 

impact on public attitudes than public understanding of these technologies. For example, 

in the 1980s, the development of biotechnology and its application to genetically 

modified organisms (GMOs) prompted environmental, social and economic concerns, 

particularly in Europe (Torgersen et al., 2002). This had much to do with the perceived 

health risks associated with unknown and long-term effects of GMOs, especially where 

the technology related to food and agriculture. The potential for a direct risk to health as 

a result of the ‘unnatural’ modification of crops resulted in a high level of uncertainty 

about the technology, which was independent of public understanding of the scientific 

principles on which this technology was based. 

From the perspective of the scientific and business communities involved in GM 

technology, however, the backlash against GM products was a result of inadequate 

communication between the relevant stakeholder groups, rather than public perception of 

risk (Sandler & Kay, 2006). There was a lack of public consultation between the general 

public and those who developed and regulated the technology regarding the potential 

benefits and risks and how these risks would be managed. Public concerns were often 

ignored or dismissed, resulting in public suspicion and misunderstanding of the 

technology, and a susceptibility to mischaracterisation and negative portrayal of the 

technology in the media or online.  

Similarly, the spread of bovine spongiform encephalopathy (BSE; i.e., mad-cow disease) 

in the United Kingdom in the mid-1990s resulted in an increased public awareness of 

food technology risks and a lack of public confidence in science and scientific 
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organisations (House of Lords, 2000). Public distrust of scientists and regulatory bodies 

involved in the BSE ‘crisis’ was based largely on failures in communication about the 

uncertainties involved in scientific risk analysis (Frewer & Salter, 2002). Communication 

about the risks of BSE was clouded by experts’ perceptions about the public being 

‘deficient’ in their understanding of the scientific process and risks. Although the public 

wanted more information about the scientific evidence that was used to support policy 

decisions (Forbes, 2004), there was concern from policy-makers that a lay public would 

not be able to conceptualise this information, and that the provision of scientific and risk 

analysis information would increase public confusion and fear about the risks of BSE 

(Frewer & Salter, 2002). This withholding of information contributed to a widespread 

public negativity toward UK government and regulatory institutions that control risk 

management processes. 

Despite the strong link between public acceptance of science and perceptions of risk, the 

majority of individuals do not have the technical knowledge necessary to critically assess 

the technical aspects of risks and benefits associated with science and technology (Miller, 

2004). Instead, decisions or judgements about a technology are often heavily reliant on 

personal values (Ho, Brossard & Scheufele, 2008; Nisbet, 2005; Brossard & Nisbet, 

2007). These decisions are also influenced by information provided by experts and the 

perceived trustworthiness of the different stakeholder groups involved in research 

(Siegrist & Cvetkovich, 2000). In the field of chemistry, for example, Neil, Malmfors and 

Slovic (1994) found that attitudes about chemical risks are affected by an individual’s 

perception of experts as much as their own knowledge of science. 

 Changing attitudes toward science 

Although studies have consistently found that the public has an overall positive attitude 

toward science and confidence in scientists (Eurobarometer, 2010), reports of public 

skepticism toward science are becoming increasingly common. Public mistrust has been 

variously attributed to low levels of scientific literacy, a public lack of understanding of 

the processes involved in scientific research and the fact that much scientific research has 

become invisible to the public (Fisher, Cribb & Peacock, 2007). Studies of the European 

public have also found a belief that "scientists cannot be trusted to tell the truth about 

controversial scientific and technological issues because they depend more and more on 

money from industry" (Eurobarometer, 2010: 19). 
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Media coverage of controversial areas of science, cases of scientific fraud and scientific 

conflicts of interest have also played a part in reducing public confidence in scientific 

expertise, and contributed to high levels of uncertainty about science (Bultitude, 2011). 

The mass media is a major source of scientific information for the public and has 

considerable influence on the formation of public attitudes about science, particularly 

when the news coverage is biased or sensational (Blok, Jensen & Kaltoft, 2008; Burchell, 

2007; Burningham et al., 2007; De Boer et al., 2005; Krystallis et al., 2007; Young and 

Matthews, 2007). Negative publicity is often more noticeable than positive publicity and 

is likely to be remembered for longer (Eitzinger & Wiedemann, 2008), thus it has a 

longer-term impact on the formation of public attitudes. For example, public concerns 

about BSE in the UK were largely a result of the fact that risk information was provided 

to the public, via the media, "in a ‘crisis’ context following previous complacency about 

the potential impact of BSE on human health" (Frewer & Salter, 2002: 138). 

Public concern about alleged hazards has been found to increase as media coverage 

increases and wane as coverage diminishes; and in many cases it is the quantity of media 

coverage suggesting danger or uncertainty, rather than the actual content, that influences 

public perceptions (Mazur, 2006). For example, Lyytimäki, Assmuth and Hildén (2009) 

suggest that in the context of potential chemical hazards, even where there is limited risk 

to society or the individual, an increase in available information and media visibility may 

lead to greater public anxiety (Lyytimäki, Assmuth & Hildén, 2009). When widely 

reported in the media, scientific disagreements, although an important and necessary part 

of the process of science, can contribute to public uncertainty about which side of a debate 

is ‘right’ (Jensen & Hurley, 2012).  

The current environment of attitudes toward science has been described as a ‘post-trust 

environment’, in which expert-based decision making and knowledge is increasingly 

challenged by consumers (Bouder, 2013). Traditional communication methods have 

changed and the general public can access more information about science, are 

increasingly knowledgeable about science, and can easily and more widely contribute 

their own ideas or opinions to the dialogue about science via blogs or social media 

(Leadbeater, 2009). However, the increase in accessibility of information can make it 

more difficult for the public to assess credible information because of the ready 

availability to uninformed opinion. Many public attitudes are therefore not based on 

expert knowledge but rather on uninformed opinions, and in some cases, the gap between 

factual scientific information and public attitudes is wide. 
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Sandler and Kay (2006: 58) state that “there are technological, economic and social 

reasons for open communication and early engagement with the public concerning new 

technologies", particularly in cases where there is a considerable knowledge gap between 

experts and non-experts. However, as well as communication about new technologies, it 

is important to consider communication about those that are already established and 

widely utilised, such as the drug development process. Increased communication and 

engagement may not only reduce the knowledge gap between experts and non-experts, 

but may also improve trust in science and the people and institutions that regulate science.  

 Trust  

What is trust? 

Trust in a relationship is based on an expectation that the trustee is able and motivated to 

behave in a way that takes into account the interests of the truster (Earle & Cvetkovich, 

1995). Trust can be concrete, such as trust in a particular researcher or institution, or 

abstract, such as trust in a social institution more generally, for example scientific 

research as a profession. Trust can also be implicit or explicit depending on the trustees’ 

perceived qualities of trustworthiness, for example their competence or reliability, and 

previous evidence of trustworthiness (Resnik, 2011). Intrinsic trust is the belief that a 

trustee is internally motivated to behave benevolently and will do so without external 

pressure or incentives (Mulder et al., 2006). Extrinsic trust takes into account social and 

situational contexts and any external constraints or motives that might influence the 

behaviour of the trustee. Trust is used as a means of taming risks and countering 

uncertainties (Sztompka, 1999), yet there is an inherent level of risk-taking in the 

assumption that the trustee will act as expected (Baier, 1986). Trust may therefore be 

easily lost if the trustee does not act in accordance with expectations.  

The main purpose of trust is to facilitate social interactions amongst a group of people 

who have a shared expectation of behaviour (Resnik, 2011). Trust allows for more 

interactive communication within the group (Luhmann, 1979; Walker et al., 2002), and 

any social group, from as little as two people to society as a whole, depends on trust 

among its members. Trust also helps to reduce the complexity of decision-making for 

members in a group, as individuals can make decisions partly on the basis of the group’s 

reactions to information (Love, Mackert & Silk, 2013).  
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Trust can be used as a heuristic device, enabling people to form attitudes or opinions 

about science without a full understanding of the process or resulting technology. In cases 

where science is controversial or complex, the level of public trust given to an 

organisation or social institution is also dependent on the composition of the public and 

what they expect (Resnik, 2011). Public trust in scientific research is therefore 

multifaceted as different publics may have widely differing expectations of research. 

When discussing public trust, consideration must be given to the definition of the specific 

public that is being asked to trust science.  

Trust in science and research 

Public trust in the people and institutions that conduct and regulate scientific research is 

an important precursor to public acceptance and support for science and technology, thus 

it is "central to the business of science" (Yearly, 2005: 122). Trust is particularly 

important for the formation of public attitudes toward science because a majority of the 

public is unlikely to possess the interest, ability or knowledge resources to critically 

evaluate scientific information (Miller, 2004). As well as being important for public 

support of science and scientists, trust plays an important role within the practice of 

science itself. Co-operative relationships among researchers (in the form of 

collaborations, appropriately attributed authorship, peer-review of research manuscripts, 

and even the replication of published results) are dependent on a level of trust in the 

accuracy and unbiased attitudes of the respective parties (Shamoo & Resnik, 2009; 

Whitbeck 1995).  

Public trust in science is often at its most fragile when science is controversial or complex, 

and can rapidly be destroyed (Slovic, 1993; Walker et al., 1999; Siegrist & Cvetkovich, 

2000). In these cases, a number of factors have an impact on trust. The level of public 

trust in an individual or organisation does not necessarily depend on the truster having 

sufficiently detailed knowledge of the technology under question to personally assess 

potential risks or outcomes. Instead, trust in those who are conducting and regulating the 

research provides a shortcut for the trustee to form an attitude about the technology 

(Siegrist & Cvetkovich, 2000). If the public does not trust those conducting and regulating 

research, their willingness to trust the technology will be restricted, resulting in less public 

support (Slovic, 1999). Trust is largely “reliant upon an individual’s lay theory of what 

motivates and causes another’s behaviour” (Critchley, 2008: 312), rather than on a 

complete and detailed understanding of the science itself. Two main categories have been 
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identified on which trust in a stakeholder or information source is formed: the perceived 

competence and motives of the trustee (Siegrist, Earle & Gutscher, 2003).  

Competence 

The competence of a trustee is determined by the quality of advice they have previously 

provided to the truster (Twyman, Harvey & Harries, 2008). For example, the public will 

often trust a scientific institution in general if the information that they previously 

received from the institution was accurate (Harvey & Fischer, 1997). If the institution is 

thought to be competent, the knowledge they provide is more likely to be perceived as 

useful or reliable and, in turn, accepted by the truster. This acceptance, however, depends 

on the type of knowledge that is being provided. The acceptance of tacit knowledge, in 

particular, relies more heavily on perceived competence than explicit knowledge, because 

this type if knowledge is difficult to convey. In contrast, explicit knowledge is more easily 

described and is often accepted independently of a trustee’s competence (Levin & Cross, 

2004). 

Motives 

As well as perceived competence, a truster’s perception of the motives that influence the 

actions of a trustee has a large impact on levels of trust (Levi, 1998). If the values, 

intentions and goals of a trustee closely match those of the truster, the motives of the 

trustee will be viewed more positively (Siegrist, Cvetkovich & Roth, 2000; Twyman, 

Harvey & Harries, 2008). In science, if an individual has confidence in the motivations 

that drive the development of a particular area of research or technology, and faith in the 

benevolence, integrity, honesty and fairness of the various stakeholders, they are more 

likely to perceive the outcomes of that research as being beneficial, resulting in a more 

positive attitude toward the research. Conversely, if the values of the stakeholders are not 

congruent with those of the public, less trust will be placed in the research.  

The public have been found to generalise their trust in science based on their trust in 

specific scientific organisations (Siegrist & Cvetkovich, 2000). The organisational 

context in which research occurs therefore has a strong influence on the public perception 

of the motives driving that research (Critchley, 2008). If an individual trusts the motives 

of a certain organisation, they will be more likely to trust that the outcomes of the 

scientific activity or technology associated with the organisation will be beneficial. 
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In an Australian study, Critchley and Nicol (2009) found that perceived motives for 

research and whether the research was conducted in a public or private organisation had 

a stronger impact on trust than whether research funding was publicly or privately 

sourced. This result is similar to a Swedish study that described a greater level of public 

trust in public science (Eriksson, 2007), although a contemporaneous Finnish study found 

that domestic versus foreign funding had a greater impact on trust in research than its 

public or private context (Hemminki et al., 2009). Despite these differences, a reduction 

in public support for research based on the perception of private interests and the 

commercialisation of science appears to be consistent across different countries and 

different scientific contexts (Caulfield et al., 2006; Critchley & Nicol, 2009; Brown & 

Calnan, 2012). Negative attitudes toward private investment in science can be based on 

the perception that conflicts of interest might lead to compromises in the quality of 

scientific research or suppression of research findings. The importance of protecting 

profit is also seen as over-riding more benevolent motivations for research, and can give 

the impression that ethics and expertise might be compromised or benefits restricted to 

those who can pay. These concerns often outweigh the many advantages of private 

investment in science, which include increases in productivity and accelerated product 

development and availability (Montaner, O’Shaughnessy & Schechter 2001; Resnik, 

2002).  

In addition to influencing public trust in scientific organisations, the context in which 

research occurs also influences the perception of scientists’ trustworthiness and is linked 

to scientists’ perceived motivations. Scientists working at universities or other public 

research organisations are thought to hold more benevolent motives for research and there 

has been a perception that their research is more likely to result in outcomes and/or 

products that will be beneficial and available to society (Critchley & Nicol, 2009). 

Privately-funded scientists, on the other hand, have been perceived to be more self-

interested and more driven by financial incentives than university scientists (Critchley, 

2008). These perceptions of benevolent versus self-interested motives are important 

because benevolent individuals are thought to be more likely to act in the truster’s 

interests rather than in their own, which in turn promotes a higher level of trust in those 

individuals. However, this difference in perceived motivations may become less distinct 

as the line between public and private research sectors becomes increasingly blurred, the 

number of industry-funded university research projects increases and academic research 

increasingly occurs in industry settings.  
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In addition to investigating public trust in scientists in public and private contexts, and 

their perceived competence and motives, it is important to investigate expert scientists’ 

views about the way the public perceives trust, competence and motivation. It is often 

assumed that different assumptions, conceptions and values underlie the discrepancy 

between expert and public views about science (Neil, Malmfors & Slovic, 1994). This 

project was undertaken with an aim to examine this assumption by describing and 

comparing the attitudes of the public and experts toward the drug development process.  

The increasing visibility of expert disputes about scientific topics and the availability of 

non-expert opinion pieces online has also raised a level of mistrust amongst the public 

(Beck, 1992). The use of reflexivity in science has been suggested as a means of 

improving the perceived trustworthiness of scientific institutions and the relationship 

between science and the public, and studies have shown that there are elements of 

reflexivity in scientists' actions and discourse (Marks, 2011). However, the analysis of 

reflexivity in the expert interviews conducted in this study is beyond the scope of this 

work, and a focus has instead been on understanding expert views of trust in the drug 

development process.  

 Motivations  

What are motivations? 

Motivations are the psychological processes that compel or reinforce an action towards a 

desired goal (Grant, 2008). Motivation is multifaceted and can be either intrinsic or 

extrinsic. Intrinsic motivations reflect an individual’s interest or enjoyment in the work 

task itself and the inherent satisfaction that they gain from completing a task (Kooij et al., 

2011). Intrinsic motivations involve focus on an activity (e.g., research), wherein the 

process of carrying out that activity is seen as a goal in and of itself. Extrinsic motivations 

reflect an individual’s pursuit of a reward or attempts to avoid punishment (Lam, 2011). 

That is, an individual is driven by the end result of a task rather than the action of 

completing the task itself. Intrinsic motivation generally has the strongest influence on an 

individual’s actions (Lindenberg, 2001; Lam, 2011), but the two types of motivation can 

occur simultaneously. For example, some individuals may be strongly intrinsically 

interested in performing a task, but also extrinsically motivated to gain some reward for 

completion of the task (Amabile et al., 1994). 
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General motivations for science 

Scientists’ motivations for research have been studied for decades. In 1942, Merton 

suggested that there is an idealised ethos of science and a set of values that are shared by 

scientists (Merton, 1942). This proposition has been debated but the ethos, which 

encompasses the values of universalism, communalism, disinterestedness and organised 

scepticism, has been highly influential in shaping the practice of science. Today, it is 

commonly understood that:  

The scientist should view his/her scientific endeavours uncluttered by 

personal interest - be that financial, emotional or ideological. The scientist 

should be motivated by the pursuit of knowledge, not personal interest, and 

reward comes from recognition, particularly from peers. (Wong & 

Westwood, 2010: 81) 

Merton proposed that the primary goal of scientific research is to establish ‘priority of 

discovery’ by being the first to communicate new research (Merton, 1957; Merton, 1973).  

Herzberg’s Two-Factor Theory has been highly influential in the study of motivations 

and job satisfaction (Herzberg, Mausner & Snyderman, 1959). According to the theory, 

the factors that contribute to job satisfaction are fundamentally different to those that 

contribute to job dissatisfaction. Motivating factors arise from the content and conditions 

of a job, and include recognition, achievement, and personal growth (Herzberg, Mausner 

& Snyderman, 1959). Studies of science and motivation have shown that scientists are 

highly motivated when their psychological needs are satisfied in the areas of achievement 

and professional growth, they are given the opportunity to do challenging and interesting 

work and they gain recognition for this work (Clarke, 2002; Manolpoulos, 2006; 

Lounsbury et al., 2012; Lam, 2011). The production and communication of research can 

be either intrinsically or extrinsically motivated. 

Most scientists are intrinsically motivated to undertake research and derive satisfaction 

from engaging in challenging and creative activities (Eiduson, 1962; Cotgrove, 1970). 

Lam (2011: 1357) suggests that "the desire to engage in creative puzzle-solving is the hall 

mark of a dedicated scientist". As such, scientific work is "imbued with intrinsic 

motivators such as task significance, challenge, autonomy, and skill variety" (Lounsbury 

et al., 2012: 53). Other studies have shown that scientists working in university settings, 

other public research organisations and industry have an intrinsic interest in science and 

benevolent values that are in alignment with the Mertonian ethos of science (Clarke, 

2002; Shewan et al., 2005; Jindal-Snape & Snape, 2006; Wong & Westwood, 2010). 

Complex tasks are often seen as more challenging and meaningful, and the complexity of 
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a task and a scientist’s intrinsic interest in that task are positively related to the satisfaction 

gained from completing that task (Grant, 2008).  

A recognised extrinsic motivation for scientists to undertake research is peer recognition 

of their work (Clarke, 2002). Many scientists have a ‘cosmopolitan orientation’, that is, 

they are more concerned with their reputation amongst colleagues worldwide than in their 

immediate workplace (Badawy, 1971). This reputation is, in the main, gained by 

conducting and publishing research; the number of publications and subsequent research 

citations that a scientist receives are current measures of research success (Hirsch, 2005). 

This drive for recognition is an institutionalised feature of the scientific system (Hong & 

Walsh, 2009; Lam, 2011) and external rewards include increased research funding and 

career advancement (Levin & Stephan, 1991; Stephan, 1996). Although there have been 

arguments that financial reward is not a motivating factor in itself, it is known to 

contribute to job satisfaction, and can therefore have some influence on actions (Seligman 

& Csikszentmihalyi, 2000). 

In addition to intrinsic and extrinsic motivation, another form of motivation for scientists 

is pro-social motivation. Pro-social motivation is the driving force behind the desire to 

benefit others and/or society. Pro-social motivation differs from intrinsic motivation in 

that it involves a focus on the outcome of a task and is oriented toward the future, rather 

than being focussed on the task itself (Grant, 2008). Pro-social motivation also differs 

from extrinsic motivation in that it is not influenced by external pressure but is self-

driven. When intrinsic and pro-social motivations co-exist, this interaction can strengthen 

pro-social behaviour and is likely to predict an individual’s persistence, performance, and 

productivity regarding a task (Grant, 2008). When intrinsic motivation is high, pro-social 

motivation can increase effort by providing an important and valued outcome, such as 

helping others.  

More specific motivations for science 

From a broad international survey of scientists working in a variety of disciplines, 

Venville et al. (2013) found that an intrinsic interest in science and the extrinsic rewards 

of being seen to be good at science were by far the most significant motivations for 

scientists choosing to study science. Lindholm et al. (2004) also showed that the most 

significant motivations for academic work for university researchers included a 

combination of interest and ability. Important intrinsic and extrinsic motivators included 

family members or early experiences with academia, the inherent interest and challenge 
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of research, a long-term desire to understand, and academic prowess in the earlier stages 

of education. These motivating factors influenced researchers’ choice to become an 

academic researcher, as well as their interest in a specific research discipline. 

The Two-Factor Theory described by Herzberg, Mausner and Snyderman (1959) has 

been used to investigate the factors that motivate academic staff to pursue research (Jeans 

& Murphy, 2009). In Jeans and Murphy’s (2009) study, academics’ motivations for 

research were similar to those described in the Two-Factor Theory, including recognition, 

interest in the work itself, knowledge advancement, personal growth and achievement. 

Two additional intrinsic motives that are not described in the Two-Factor Theory were 

also identified in the study: the sense of being a pioneer within the field of investigation; 

and the pro-social motivations to contribute to the value of the national economy and 

society. 

Jindal-Snape and Snape (2006) interviewed scientists working at a government research 

organisation in the UK, and found that government-employed scientists were motivated 

by similar factors, such as interest and curiosity, the desire to do high-quality research 

and to make a difference. The desire to achieve was also significant, and the scientists 

were said to derive the "greatest satisfaction ... from publishing or presenting their 

research work, or from the ‘Eureka’ moment in the laboratory" (Jindal-Snape & Snape, 

2006: 1338). Extrinsic motivators, such as salaries, incentive schemes or promotion, were 

not found to be very influential. Nor was the public perception of science found to be of 

concern to these scientists. These factors are explored further, from the perception of both 

the public and scientists, in this thesis, in the context of medicines and the pharmaceutical 

industry. 

Studies into researchers’ motivations for commercialisation, patenting and 

entrepreneurship activities have also become more common over the past decade. For 

example, when research is commercialised, Lam (2011) believes that the major intrinsic 

and extrinsic motivations that drive scientists to pursue commercialisation can be divided 

into three elements: the ‘puzzle’, ‘ribbon’, or ‘gold’. The intrinsic, creative challenge of 

research falls into the category of ‘puzzle’; recognition from peers through the publication 

of research findings is the ‘ribbon’; and financial reward, such as salary, and other prizes 

or awards comprise the ‘gold’. She found that the majority of scientists are predominantly 

extrinsically driven by the ribbon, but the intrinsic motivation of the puzzle is also 

important. 
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Most research into motivations for choosing to pursue a career in science have treated 

science as a whole, and studies into motivations for the pursuit of a career in specific 

disciplines is limited. This is surprising given that the research culture in different 

disciplines can be quite distinct (Hermanowicz, 2005). The differences between science 

disciplines are likely to provide different motivations for scientists’ pursuit of that area, 

and it is important to investigate motivations for science in more specific detail. Although 

some research exists - for example, Sheaffer et al. (2008) have investigated scientists’ 

motivations for choosing an academic pharmacy career, and Shewan et al. (2005) has 

investigated the motivation of health and medical researchers - to the best of my 

knowledge, this thesis describes the first investigation into the motivations of chemists 

for pursuing work related to the drug development process.  

 

2.4 Public attitudes toward medicines and the pharmaceutical 

industry 

 Attitudes toward medicines  

Medicines are said to be "the personal technology of our times" (Davis, 1997: 1) and their 

use has expanded considerably over recent decades, as evidenced by an increase in the 

number of prescriptions that are dispensed and an increased expenditure on medicines 

(Busfield, 2010). Society today relies heavily on pharmaceutical medicines for both care 

and cure, thus it is important to ensure that public support for the system remains high.  

The widespread use of medicines suggests that the public is generally accepting of these 

products and the pharmaceutical industry. Although the public may accept medicines, 

this does not necessarily suggest that the public has a thorough understanding of their 

biological or scientific basis (Miller, 2004). Instead, the public’s willingness to use 

different types of medicines is largely predicted by their general beliefs about these 

products (Green, Horne & Shephard, 2013).  

The benefits of medicines are largely taken for granted (Horne, Weinman & Hankins, 

1999; Britten, 1994). Medicines are a normal part of today’s society and the links between 

modern health care and the scientific research and industries that lie behind it are often 

invisible to consumers. The development and introduction of medicines and other 

technologies that are integral to clinical practice, both historically and more recently, are 
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taken largely for granted by users who are predominantly only familiar with more tangible 

aspects of clinical practice, such as blood tests or medical imaging procedures (Berg, 

1992; Elston, 1997). Despite this, there is continuing debate about the extent to which the 

public accepts scientific medicine and technological innovation in this area (Williams & 

Calnan, 1996a). 

Although widely considered to be effective, some people believe conventional medicines 

to be more risky than other options, such as CAMs (Green, Horne & Shephard, 2013). 

This view is closely linked to concern about the potential side effects of pharmaceutical 

medicines and a perceived ‘un-natural’ chemical origin of these products. There have 

been a number of high-profile and devastating failures in the safety of some 

pharmaceutical medicines; for example, thalidomide and Vioxx. These cases prompted 

widespread concern about the safety of medicines and questions about the competence of 

manufacturers and regulators of these products (Lofstedt, 2007; Brown & Calnan, 2012). 

In response to these cases, the public have become more wary about the type and quantity 

of medicines that are approved, and regulatory bodies, such as the FDA and TGA, have 

become more stringent in their approval processes. Indeed, Avorn (2008: 85) states that 

"more major drugs have been withdrawn for substantial safety problems than ever before 

in such rapid succession".  

More recent issues regarding pharmaceutical safety include concerns about the measles, 

mumps and rubella (MMR) and influenza vaccinations. In 1998, an association was 

fraudulently drawn between the childhood MMR vaccination and autism (Wakefield et 

al., 2010), generating widespread public concern and the growth of what is known as an 

‘anti-vaccination’ movement (Hobson-West, 2003; Larson et al., 2011; Flaherty, 2011). 

The original report was discredited on scientific grounds, has been deemed both unethical 

and fradulent, and has since been retracted (Taylor et al., 1999; Wakefield et al., 2010; 

Godlee, Smith & Marcovitch, 2011). However, despite the retraction, numerous groups 

within the general public have been "arguing against certain childhood vaccinations on 

the basis of fears grounded not in scientific data but in anecdotes and innuendo" (Olson, 

1999: 9). Media coverage of the issue has increased public confusion about the safety of 

vaccinations, and a corresponding rise in the number of children who are not vaccinated 

has been seen in many countries (Wright & Polack, 2006; Burgess, Burgess & Leask, 

2006).  

There has also been a decrease in public confidence in vaccines, despite their improved 

safety and effectiveness. The credibility of health and vaccine information, whether 
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received online or face-to-face, is influenced by the perceived trustworthiness of the 

information source" (Larson et al, 2011). These sources can include government 

authority, the vaccine industry, a health provider, a friend or colleague, or the media, and 

the decline in public confidence in vaccines is said to be in part due to the global reach 

and influence of misleading information online (Black & Rappuoli, 2010). 

Since these well-publicised safety failures, trust in the pharmaceutical industry and 

conventional medicines has become more tenuous and attitudes appear to be based more 

strongly on personal values than on an individual’s critical evaluation of scientific 

information and the risks associated with the technology. 

It has been suggested that media reports, safety concerns and a fear of potential side 

effects have contributed to the increased use of CAMs over the past few decades (Sharma, 

1992; Pawluch, Cain & Gillett, 2000). There has been a rise in positive attitudes toward 

CAMs and a significant increase in consumers’ personal expenditure on these treatments 

(Frass et al., 2012). Research has shown that use of CAMs by the Australian public is 

typically higher than in the United States (Barnes, Bloom & Nahin, 2008), Canada 

(Ramsay, Walker & Alexander, 1999) and the United Kingdom (Hunt et al., 2010). A 

South Australian study conducted in 2004 indicated that 52% of respondents had used at 

least one non-medically prescribed therapy in the preceding year (MacLennan et al., 

2006). In a subsequent Australia-wide study, 69% of respondents reported having used 

CAMs (Xue et al., 2007). Rather than indicating a significant increase in CAM use over 

the time period, the difference in these figures is likely due to the different methods and 

definitions used by the respective authors. Notwithstanding the differences, both studies 

reported a majority of Australians having used CAMs. 

Many studies into the use of CAMs have been based on an implicit assumption that users 

of CAM believe these treatments to be effective (Stoneman, Sturgis & Allum, 2013; 

Furnham & Forey, 1994). However, reasons for choosing to use CAMs are complicated 

and are not necessarily dependent only on the belief that CAMs are more effective than 

conventional pharmaceutical medicines. In another study, only a very small proportion 

of homeopathy users indicated that they had taken these treatments because they saw 

them as being more effective (Stoneman, Sturgis & Allum, 2013). CAMs are often taken 

as a means of preventing illness and for the promotion of general health (Eisenberg et al., 

1998), whereas conventional medicines tend to be used only when a specific medical cure 

is required. The increasing medicalisation and pharmaceuticalisation of society 

(Abraham, 2010; Bell & Figert, 2012), which is demonstrated in part by the growing 
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focus on maintaining health or preventing illness, may have contributed in part to the 

growing preference for CAM treatments that pose a low health risk, either perceived or 

real.  

The rise of postmodern values and beliefs about health and well-being also has a strong 

influence on the choice to use CAMs (Siahpush, 1999; Astin 1998; Harris et al., 2012). 

An increasing public preference for consumables and treatments that are perceived as 

being ‘natural’, such as organic and whole foods and complementary or alternative 

therapies, indicates that there may be increased concern about synthetic products. The 

effect of postmodern beliefs is suggested to be particularly prevalent amongst the 

Australian public (Harris et al., 2012), who place an emphasis on nature and natural 

remedies. A study by Siahpush (1998) demonstrated that the possession of a postmodern 

philosophy and a faith that natural remedies are safer and more effective than medicines 

were predictors of Australians’ positive attitudes toward CAMs. These beliefs are likely 

to be major contributors to the larger growth of CAM use in Australia compared with 

other OECD countries. However, despite increased CAM use, the use of conventional 

pharmaceutical medicines has remained steady and a large proportion of CAM users are 

choosing to use CAM in addition to conventional medicines or for the treatment of 

different ailments (Robinson & McGrail, 2004; Sharma, 1992).  

 Attitudes toward the pharmaceutical industry 

Concern about public support for and trust in the pharmaceutical industry has grown over 

the years. Although there is a body of literature about public trust in relation to healthcare 

systems and medical professionals (Brownlie, Greene & Howson, 2008; Calnan & Rowe, 

2008), research about the level of public trust in the pharmaceutical industry has been 

relatively neglected (Brown & Calnan, 2012). Instead, public attitudes toward medicines 

are one of the closest measures of attitudes toward the pharmaceutical industry. Until 

now, studies in this area have focussed mainly on public attitudes toward specific 

pharmaceutical products or the social impact of medicines; for example, the use of 

specific classes of medicines (Angermeyer & Matschinger, 2004), and public attitudes 

toward clinical research (Madsen et al., 2002; Nielsen & Møldrup, 2006) or policy-

making (Traulsen & Almarsdóttir, 2005). Investigations into public perceptions about the 

use of generic medicines or direct-to-consumer advertising assessment are also more 

common (Bearden & Mason, 1978; Heikkilä, Mäntyselkä & Ahonen, 2011; Robinson et 

al., 2004). To the best of my knowledge, however, there has been limited investigation 
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into public attitudes toward the process of developing new medicines or the 

pharmaceutical industry. 

The pharmaceutical industry has the largest influence over the development of new 

medicines today through its research, manufacture and testing of the majority of new 

pharmaceutical products. Indeed, it has been said that the pharmaceutical industry is "a 

major power within the global economy and some national economies" (Busfield, 2006: 

299). As a result, there has been growing interest in the industry’s influence on society, 

government, healthcare professionals and patients due to the potential for the industry to 

provide increasingly effective medications and the vast numbers of generic drugs that are 

produced (Henry & Lexchin, 2002; Law 2006).  

Public acceptance of pharmaceutical medicines is undoubtedly important for the 

continued health of society, but there are other benefits to improving public trust in the 

industry. Trust, and more specifically, trust in researchers, is very important for 

pharmaceutical research that involves public participation and human subjects, 

particularly in later-stage medical research, which is heavily reliant on the voluntary 

participation of individuals. For example, public participation in clinical trials, or tissue 

donation for epidemiological research, are major contributions to the drug development 

process. For an individual to commit to participation in a clinical trial, they must have a 

sufficient level of trust in those conducting the research to follow the outlined procedures 

and protect them from harm (Lind, Mose & Knudson, 2007; Hall et al., 2006). 

Participants must also be able to trust that the researchers will maintain confidentiality, 

not be influenced by financial incentives, and will follow ethical guidelines (Lind, Mose 

& Knudson, 2007; Neidich et al., 2008; Weinfurt et al., 2008). Trust can be easily lost if 

researchers do not act in accord with the expectations of participants, who will readily 

withdraw from a trial if they do not support, or lose trust in, the goals of the research and 

the researchers themselves (Mastroianni, 2008).  

Media coverage of the pharmaceutical industry has also shaped public attitudes toward 

the industry and its products. Biased or sensational media coverage has a strong influence 

on public attitudes and concern regarding science and technology (see Blok, Jensen & 

Kaltoft, 2008; Burningham et al., 2007; Lyytimäki, Assmuth & Hildén, 2009). When 

negative media coverage of the pharmaceutical industry is high, public concerns about 

the industry and pharmaceutical products are likely to increase. Negative depictions of 

the pharmaceutical industry in media such as popular science books, films and television 

(see, for example, Bad Pharma (Goldacre, 2013) and Lorenzo’s Oil (Miller, 1992)) are 
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also likely to have contributed to public concern about the risks of medicines and the 

motives of the pharmaceutical industry. However, when media coverage is scarce or 

overshadowed by other stories, public awareness of the pharmaceutical industry is also 

adversely affected and public attitudes toward this area of science can decrease (Mazur, 

2006). 

Trust, industry competence and the risks of medicines 

Public trust and confidence in the pharmaceutical industry is important because of the 

inherent risk and uncertainty surrounding the use of medicines. Adverse reactions to 

drugs can have serious consequences and the industry is expected to "handle the process 

as proficiently as possible [and to] have the necessary scientific and practical background 

to deal with the range of issues associated with the process" (Lofstedt, 2007: 484). 

The pharmaceutical industry must be able to develop and justify the safety, efficacy and 

necessity of its products in order to maintain public trust. Effective communication 

between experts and the public regarding the benefits and risks of medicines is therefore 

essential. Rather than relying on abstract trust in a broad system, such as the 

pharmaceutical industry, however, the public tends to rely on the recommendation and 

prescription of medicines by more specific entities with whom they negotiate trust 

directly. Medical professionals are typically trusted to have a patient’s best interests at 

heart and to provide assurance about the safety and quality of pharmaceutical medicines 

(Cotten & Gupta, 2004; Donohue et al., 2009). By trusting specialists, patients often do 

not consider the possible risk of medicines in great detail, but instead rely on previous 

positive experience of the medical system and the assumption that the medical 

professional will not cause harm by prescribing unsuitable medicines (Brown & Calnan, 

2012).  

However, the traditional face-to-face relationship between medical professionals and the 

public is becoming less common. This is due in part to the ready availability of medicines 

and scientific information over-the-counter or online (Jadad & Gagliardi, 1998; Macario 

et al., 2011). The public are becoming increasingly knowledgeable about medicines and 

the pharmaceutical industry and, as a result, are less reliant on medical professionals’ 

knowledge as a basis for their trust in these areas. As the technical competence and 

expertise of medical professionals and the pharmaceutical industry becomes less 

important, trust may instead depend more heavily on public perception of the motives of 

the pharmaceutical industry.  
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Trust and the perception of pharmaceutical industry motives 

As a private industry, the principal interests of the pharmaceutical industry are to their 

shareholders, thus the pharmaceutical industry is driven primarily by a profit motive. 

Unlike doctors, whose primary interests are toward patient care, the pharmaceutical 

industry is seen as putting ‘profits before patient safety’ (see Ennis & Slattery-Moschkau, 

2006 in Brown & Calnan, 2012). Profit is generated through a range of avenues, including 

the type of drugs that are manufactured, their cost, advertising and for which market they 

are produced. For example, numerous generic drugs and those for ‘lifestyle diseases’ are 

manufactured as they have a much larger market in affluent OECD countries, resulting in 

increased sales and profit margins. There have also been criticisms about the cost of 

medicines and assertions that the prices of drugs are over-inflated (Moynihan, 2003), yet 

the industry has argued that expensive products may still offer value-for-money as they 

reduce the need for the hospitalisation of patients (Brown & Calnan, 2012). Promotion 

and marketing, including advertising, gift-giving and support for medically related 

activities, such as travel to meetings, make up a large part of the activities of drug 

companies and there has been extensive criticism of the industry for these practices 

(Komesaroff & Kerridge, 2002). It has been said that drug promotion "regularly involves 

illegal off-label promotion of prescription drugs, kickbacks and financial incentives to 

influence physician prescribing, and the dissemination of biased information to health 

care professionals" (Gagnon, 2013: 571). 

Public mistrust and concern about the motives of the pharmaceutical industry can be 

attributed in a large part to this public perception of the industry as being self-interested 

and putting profits and the interests of its shareholders over those of patients, 

professionals or healthcare institutions. The perception of self-interested rather than 

benevolent motives has been shown to decrease public trust in a source or social 

organisation (Critchley, 2008). This perception has contributed to public concerns that a 

profit motive will have a negative effect on the integrity and quality of scientific research 

(Chalmers & Nicol, 2004) and, as a result, public trust in the pharmaceutical industry is 

typically very low (Lofstedt, 2007). The interests and capabilities of certain systems or 

institutions can have a profound impact on the perceived trustworthiness of the 

individuals working within them (Schütz, 1973).  

Although there are concerns about the focus that the pharmaceutical industry places on 

lifestyle drugs and profits, the industry is a self-supporting one and it is important that 

they recover investments to be able continue research and develop more effective drugs. 
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As mentioned earlier, only one in approximately 250 drug candidates that enter pre-

clinical development will ever recover the expenditure that is invested into their 

development. The public are often assumed to be unaware of the commercialisation 

process (Millstone & van Zwanenberg, 2000), and the costs (both economic and 

temporal) that are involved in the successful commercialisation of a new product are not 

widely acknowledged. Better transparency and communication about the reasons for the 

costs of medicines could potentially moderate some of the negative views regarding the 

industry.  

The ‘selective openness’ with which research outcomes and testing processes are 

publicised has also had an effect on public attitudes. Openness or transparency is 

important for effective public engagement and debate about science, particularly in terms 

of attracting funding for research projects (Frewer & Salter, 2002; Kesselheim & Mello, 

2007). The perceived pharmaceutical industry bias for reporting the ‘big scientific 

breakthroughs’, rather than releasing the full results of clinical trials (especially those that 

show negative or adverse effects), has led to a perception that something important is 

being kept hidden from the public (Abraham, 1995; Lemmens, 2004; Ferris, 2002). This 

secrecy has been widely criticised by the media and public. 

Although increasing transparency has been suggested as a means of improving trust, in 

the case of controversial science, openness is potentially restricted by the risk of public 

misunderstanding of scientific data or concepts (Holmberg & Ideland, 2012). For 

example, an important part of the drug development process is testing potential drug 

candidates against animal models to determine whether there are therapeutic effects on a 

larger, whole-system model. However, animal experiments have a long history of causing 

public and political controversies, which can have a considerable influence on public trust 

in the pharmaceutical industry (Holmberg & Ideland, 2012). Researchers in this field 

reportedly think of themselves as being stigmatised by the public because of the perceived 

public uncertainty and distrust about this area of research, but, like all scientists, they also 

depend on public trust in order to continue to obtain funding and support for their research 

(Birke & Arluke, 2007). Discussions about animal experimentation stages of the drug 

development process are often avoided for these reasons, and increasing transparency in 

information about the drug development process is challenging. 

A Royal College of Physicians (RCP, 2009) report from the UK proposed that public trust 

in science and the pharmaceutical industry must be restored to harness the best of industry 

and academia. However, the pharmaceutical industry may face a massive challenge in 
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terms of regaining public confidence because it is largely faceless and comprised of large 

multinational companies (PWC, 2006). An individual’s understanding of an abstract 

system of which they have limited knowledge is generally inferred through contact with 

the more tangible elements of that system (Schutz, 1967). In the case of the 

pharmaceutical industry, that direct contact occurs between an individual and medical 

professionals, including doctors and pharmacists. As mentioned above, the reduction in 

consumers’ face-to-face communication with medical professionals means that effective 

communication about pharmaceutical products, the risks of medicines and the difficulties 

and ambiguities of prescribing decisions is difficult (Britten et al., 2000), and is likely to 

be problematic for rebuilding trust in the industry. As a result of the lessening contact 

with medical professionals, instances of consumer contact with the pharmaceutical 

industry may become more negative as public access to reports of the adverse effects of 

medications, either through personal experience, media reports, or the increasing amount 

of discussion that occurs online, may outweigh the quantity and quality of information 

received from medical professionals. The public perception of the pharmaceutical 

industry as self-interested is likely to impact on the public perception of the motivations 

of scientists working in this industry. 

Overall, public trust in the pharmaceutical industry as a whole is too great an issue for the 

scope of this project. Instead, I have focused on public trust in scientists working in areas 

that contribute to the drug development process and whether distinctions are made 

between scientists and the pharmaceutical industry. Trust is in a large part based on public 

perceptions of motivations; however, scientists’ motivations may be different to public 

perceptions of them. The motivations of scientists to pursue research related to the drug 

development process, as well as public perceptions of those motivations, were explored. 

 

2.5 Summary and research gaps 

Until now, the majority of research into the public acceptance of science and technology 

has focused on new fields of science with more ‘high-level’ risks, rather than common-

place topics that characterise the public’s everyday engagement with science (Bissell, 

Ward & Noyce, 2001). However, to improve understanding about how science and 

technology are accepted, it is important to also explore the factors that drive public 

acceptance of less controversial technologies (Gupta, Fischer & Frewer, 2011). Science 

and technology, even those fields that have been historically and widely accepted by the 
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public, have a level of associated risk that affect the way in which they are perceived by 

the public. It is therefore important to investigate the ways in which risks are perceived 

and experienced in different social and institutional contexts and the ways that the public 

builds trust in science and technology (Gamero et al., 2011).  

Despite the long-standing general acceptance of medicines, the use of medicines for the 

treatment of minor ailments has received little research focus compared with other health-

related activities (Bissell, Ward & Noyce, 2001).  

While trust in relation to medical systems and in professionals has received 

substantial academic interest and analysis, trust around the pharmaceutical 

industry and its products is a relatively neglected area. (Brown & Calnan, 

2012: 59) 

Widespread public concerns about the effects of medicines and motivations of the 

pharmaceutical industry mean that this investigation into the drug development process 

and attitudes toward the pharmaceutical industry is timely.  

Although medicines are accepted and used, beliefs about the pharmaceutical industry may 

still be crucial to the perceptions of safety or risks around the consumption of certain 

medicines (Brown & Calnan, 2012). The public perception of scientists’ intrinsic 

characteristics and motivations and the level of public trust in the scientists who conduct 

research is important, and "attempts to increase the public support of controversial science 

should ... target public trust in scientists as well as the trust in the institutions directing 

and/or funding the research" (Critchley, 2008: 324). In this project, the public perceptions 

of both concrete and abstract motivations for research were explored. Participants were 

asked for their views of general motivations for research into drug development (abstract) 

and about what they perceive to be scientists’ reasons for pursuing research in this area 

(concrete). To the best of my knowledge, this is the first investigation specifically about 

the motivations of scientists for studying medicinal chemistry and pursuing a career 

related to drug development. 

This project also contributes to an emerging research focus on experts’ views about the 

public (Young & Matthews, 2007). Although scientists’ views of public understanding 

and attitudes are important for the success of public engagement and other 

communication activities, most research has focused on public attitudes toward science 

and technology or on engagement activities themselves. In this project I present insight 

into how scientists view public understanding of the drug development process.  
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3 Preparation and Antimalarial Activity of bis-Indole 

Compounds related to the Flinderoles 

The chemistry research undertaken during this project demonstrates the early stages of 

the drug development process and my experience in this research field. In addition to 

providing an overview of the drug discovery process, the work presented in this chapter 

is evidence for my knowledge and understanding of the processes, language and concepts 

that are implicit in medicinal chemistry research. The experience and tacit knowledge that 

I gained by undertaking this project make me an insider to this research field, and I have 

used that insider understanding to provide context for an investigation into the social 

impact of science. It must be noted that this chemistry research was conducted in 2009 

and 2010, prior to the development of the science communication aspect of this project. 

The chemistry research was therefore not influenced in any way by any social science 

paradigm, such as an action research viewpoint. 

Overall, this research project comprised an early-stage drug discovery investigation with 

the potential for the identification of new compounds having antimalarial bioactivity. 

University-based drug discovery research in the field of medicinal chemistry tends to 

involve many different aspects of the drug development process, such as the synthesis of 

a target or lead compound, preparation of structural analogues of these target compounds, 

assays for bioactivity or cytotoxicity, and investigations of structure-activity relationships 

(SAR), all of which lead to efforts to maximise biological activity. The research presented 

in this chapter demonstrates the interconnectedness of these aspects, despite the small 

scale and limited time-frame of the project. All of the above-mentioned aspects were 

explored to some extent during the course of this research.  

The original aims of this chemistry project were to develop a methodology for the total 

synthesis of the novel bis-indole alkaloid ring-system found in a class of recently isolated 

natural products, aptly named the flinderoles after their natural source (genus Flindersia, 

of the family Rutaceae; Fernandez et al., 2009). The flinderoles A-C (1-3; Figure 3.1), 

were isolated and their bioactivity reported one year prior to commencement of this 

doctoral study (Fernandez et al., 2009). At that time, no synthetic route to the compounds 

had yet been developed; hence a total synthesis of the flinderoles was designed and 

investigated as part of this project. 

The novel structure of the flinderoles made them a desirable synthetic target as the 

successful development of a synthetic route toward the flinderoles would provide an 
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opportunity to prepare related N-heterocyclic compounds by a similar route. Biological 

testing of any prepared compounds would be undertaken to evaluate their bioactivity and 

develop a SAR.  

However, the proposed synthetic route to the flinderoles was found to be challenging. 

Investigations into the synthesis of a pyrroloindole ring system were ultimately 

unsuccessful and the desired structural skeleton could not be obtained (results of that 

work are not presented herein). Instead, a tangential investigation resulted in the 

successful preparation of a series of new bis-indole compounds by using a metathesis 

cross-coupling reaction (originally proposed as a late step in the total synthetic route).  

 

Figure 3.1. Natural product flinderoles 

The development of a simple, one-step method for the synthesis of bis-indole compounds 

using a Grubbs metathesis reaction is presented in this chapter. The similar, but 

simplified, skeleton of these compounds compared to the flinderoles warranted a 

preliminary biological evaluation of their antimalarial activity. A selection of the bis-

indole compounds were tested for activity against two strains of the malaria-causing 

parasite Plasmodium falciparum, and a preliminary SAR study was developed. To the 

best of my knowledge, this research constitutes the first example of a Grubbs-catalysed 

synthetic approach to bis-indole compounds that possess antimalarial activity. 

 

3.1 Background and importance of antimalarial compounds 

 Natural products as medicinal compounds 

Plants have formed the basis of traditional medicine systems across the world for 

thousands of years and their use in many cultures has been extensively documented 

(Dewick, 2011). The study of natural products is largely driven by their valuable 
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biological or medical properties, as well as scientific interest in their structural complexity 

(Newman & Cragg, 2007; Dewick, 2011). The secondary metabolites isolated from 

natural sources are many and they often present complex chemical structures. 

Historically, the synthesis of such compounds are challenging goals for organic chemists 

since their earliest elucidation. The pursuit of new synthetic methodologies for the 

preparation of natural products made a significant contribution to the advancement of 

organic chemistry in terms of the development of new synthetic strategies, methods, 

reagents and protecting groups (Barton & Zard, 1986; Nicolaou & Snyder, 2004; 

Nicolaou, Harrison & Chen, 2009; Shenvi, O'Malley & Baran, 2009). 

The World Health Organization (WHO) has estimated that at the end of the twentieth 

century, about 80% of the world's population used mainly traditional medicines for health 

care (Farnsworth et al., 1985; Newman, Cragg & Snader, 2000). This figure is unlikely 

to have changed significantly since then. For the remaining 20% of the population, 

biologically active natural products, or their derivatives, form the basis of a large 

proportion of conventional pharmaceutical medicines (Newman, Cragg & Snader, 2000). 

Well-known examples of drugs that have originated from natural sources include aspirin 

(a derivative of salicylic acid from the willow tree), penicillin G (from Penicillium fungi) 

and Taxol (from the pacific yew tree). 

 Malaria 

Malaria remains one of the most common infectious diseases in the tropic and sub-tropic 

regions of the world and is a leading cause of disease and death. Approximately forty 

percent of the world’s total population lives in areas where malaria is endemic, although 

eighty percent of malaria cases occur in sub-Saharan Africa and a majority of the 

remaining cases occur in South-East Asia and South America (WHO, 2008). In 2010, 

more than 200 million cases of malaria infection were reported, causing about 660,000 

deaths (WHO, 2012). Many of those infected were children under five years old.  

Four strains of the parasite are responsible for malaria in humans, Plasmodium 

falciparum, P. vivax, P. ovale, and P. malariae. The most common cause of malaria is P. 

vivax, but the most life-threatening and drug-resistant cases are due to infection by P. 

falciparum (Daily, 2006). The development of successful treatments for P. falciparum 

malaria is therefore of greatest interest. 
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Parasite life cycle 

Malaria is a protozoan parasitic disease that is spread through two hosts: the female 

Anopheles mosquito, and humans. The infective form of the parasite, the sporozoites, are 

transmitted to the human blood stream through saliva from the infected mosquito during 

a blood meal (i.e., mosquito bite). Once in the human circulatory system, the parasites 

migrate to the liver where they invade liver hepatocytes, mature and undergo asexual 

replication to produce thousands of new merozoites (Prudêncio, Rodriguez & Mota, 

2006). After a period of 8-25 days, the hepatocytes rupture and the merozoites are 

released again into the bloodstream. These then invade the red blood cells (erythrocytes) 

and the next phase of development occurs. During this erythrocytic development phase, 

which can take up to 48 h in the case of P. falciparum (John et al., 2006), the parasite 

develops to the metabolically active trophozoite stage (also known as the 'ring' stage due 

to its perceived morphology on stained blood films; Goldberg, 2005; Maier et al., 2009). 

A cycle of nuclear division then occurs, producing the schizont stage, which can contain 

up to 32 new merozoites. Lysis of the red blood cells then releases these merozoites and 

the schizogony infection process will recommence (Figure 3.2). 

 

Figure 3.2. Malaria life cycle 

Note: CDC, 2013. 
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During the erythrocytic phase, male and female gametocytes can also be produced (Dixon 

et al., 2008). These are up-regulated by the mosquito vector during a blood meal, and 

sexual reproduction of the parasite in the mosquito mid-gut gives rise to new, infectious 

sporozoites that can infect a new host (Matuschewski, 2006). 

P. falciparum infection occurs during the blood stages of the parasite life cycle and is 

caused by an inflammatory response due to lysis of the infected red blood cells. There are 

two clinical forms of malaria: uncomplicated and severe. Uncomplicated malaria is 

defined by the WHO as "symptomatic malaria without the signs of severity or evidence 

of vital organ dysfunction" (WHO, 2006: 16). The first symptoms of uncomplicated 

malaria infection are non-specific and similar to that of a minor viral illness (Suh, Kain 

& Keystone, 2004). Common symptoms can include fever, lethargy, shivering, aches and 

vomiting. Anaemia is also observed in some cases. If infection progresses to severe 

malaria, the nervous, respiratory and renal systems can also be affected, and 

hypoglycemia can be a common complication (WHO, 2006).  

It is therefore important that malaria is diagnosed immediately and treated accordingly. 

Malaria infection is typically confirmed by parasite-based diagnosis (WHO, 2012) and 

must be treated promptly to avoid progression to severe malaria. Equally important is that 

malaria is not diagnosed erroneously, because the use of unnecessary antimalarial drugs 

can aid in the development of parasite resistance.  

Treatment of malaria 

The current most effective treatments for the cure of both uncomplicated and severe 

malaria are those based on the natural product artemisinin (alternatively called qinghaosu; 

Figure 3.3, 4). This compound was first isolated from the Chinese herb Artemisia annua 

in 1972 (Tu et al., 1981; Tu, 2011)1, but the use of the plant for treatment of malaria and 

various other illnesses can be traced back more than two thousand years. The earliest 

recorded prescription of A. annua for medical use dates from 168 BC, when it was 

recommended for the reduction of fever in Chinese medical texts dating from 340, 1596 

and 1798 AD (Klayman, 1985).  

                                                 
1 Youyou Tu shared the Nobel Prize in Physiology or Medicine for 2015 for her discoveries concerning 

artemisinin, a novel therapy against malaria (Nobelförsamlingen, 2015). 
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Figure 3.3. Artemisinin - currently the best available treatment for malaria 

Artemisinin (4) is a sesquiterpene lactone containing an unusual endoperoxide bridge, 

which is thought to be the part responsible for the drug’s antimalarial activity (i.e., the 

pharmacophore). However, it is unknown whether the molecule interacts with a single or 

multiple targets and artemisinin's exact mode of action has not yet been elucidated. The 

mode of action is, however, sufficiently different to that of other antimalarial drugs that 

artemisinin is an effective treatment for malaria even when parasite resistance to other 

drugs is observed. 

Artemisinin derivatives display potent activity against drug-resistant strains of P. 

falciparum in both in vitro and in vivo biological assays (Alin, Björkman & Ashton, 1990; 

Basco & Le Bras, 1993; Janse et al., 1994); and display minimal toxicity to mammalian 

cells (Price et al., 1999; Ribeiro & Olliaro, 1997). However, the short half-life of 

artemisinin (4) in the body - approximately one hour (White, 2008) - can result in rapid 

re-emergence of the original infection in the patient shortly after treatment with these 

compounds. The use of artemisinin derivatives as a mono-therapy is therefore limited, 

and is recommended only for cases of life-threatening severe malaria.  

Instead, drug combination therapies that include an artemisinin derivative are 

recommended by the WHO as a first-line treatment for uncomplicated malaria in all 

malaria-endemic areas (WHO, 2012). Artemisinin combination therapies (ACTs) involve 

treatment with two antimalarial drugs that have distinct modes of action and 

complementary pharmacokinetic profiles. ACTs currently provide the best cure rates and 

the possibility of synergistic effects of some drug combinations means that an increased 

efficacy and shortened treatment times can be achieved.  

The use of a combination therapy approach is also beneficial in the fight against the 

development of parasite resistance to antimalarial drugs. Although parasite resistance is 

arising more quickly than in the past (due in-part to non-compliance with drug 

prescriptions), the likelihood that parasite mutations which confer resistance to multiple 

drugs will arise simultaneously is decreased (Kremsner & Krishna, 2004). Thus by 
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administering a combination of drugs to patients with malaria, if parasite resistance to 

one of the compounds used in combination therapy develops, the second drug is likely to 

act on a different target in the parasite, allowing complete eradication of the parasite from 

the host.  

Wide-spread resistance to most other antimalarial drugs has meant that ACTs have 

become the main candidate for uncomplicated malaria treatment. However, ACTs are 

considerably more expensive than conventional treatments and their adoption in the non-

OECD developing countries where malaria is a major burden has necessarily been aided 

by financial support from sources such as the Global Fund to Fight HIV/AIDS, 

Tuberculosis and Malaria, the US President's Malaria Initiative and the Bill and Melinda 

Gates Foundation (Bosman & Mendis, 2007). The majority of malaria-endemic countries 

that were advised to adopt ACTs based on levels of resistance to conventional treatments 

have done so, despite the significant challenges for implementation, but infrastructure 

and drug supply management, specifically in malaria-endemic countries, must be 

improved if ACTs are to continue to be delivered effectively  

Complicating the fight against malaria is the emergence of parasite resistance to 

artemisinin (4). Evidence of resistance was first reported in South East Asia in 2008 

(Noedl et al., 2008). One outcome of the decreasing efficacy of artemisinins in ACT may 

be that the artemisinin component will become less efficient at clearing parasite biomass 

to enable partner drugs to treat the disease (WHO, 2012). This could result in a longer 

parasite clearance time which may increase the likelihood of new parasite mutations to 

the partner drug, favouring parasite survival.  

There are few effective alternatives to artemisinin-derived drugs for treatment of P. 

falciparum malaria infections and there are not yet any alternate treatments for multi-drug 

resistant parasites. The continued emergence of parasite resistance to drugs means that 

the development of new antimalarial treatments is imperative if resistance to existing 

treatments is to be delayed or avoided. 

Development of new antimalarial drugs  

Most antimalarial drugs that have been employed for treatment to date were not designed 

to be active against specific parasite targets. Instead, they arose from the identification of 

the antimalarial activity of natural products (e.g., quinine (5) and artemisinin (4); Figure 

3.4), or were analogues of those compounds with a related chemical structure (e.g., 

chloroquine (6) and artesunate (7); Figure 3.4), respectively). Other antimalarial drugs 



 

 58 

were identified by screening compounds that are active against different infectious 

pathogens (Fidock et al., 2004).  

 

Figure 3.4. Similarities between antimalarial compound structures 

 

An improved understanding of the biochemistry of malaria parasites has meant that 

potential target sites for new drugs have been identified and the mode of action of older 

drugs (such as pyrimethamine, tetracyclines and quinolines) has been further clarified 

(see, for example: Araujo, Huskinson & Remington, 1991; Price et al., 2004; Fidock et 

al., 2004). Thus it is now possible to develop or identify compounds that have the desired 

structure or functionalities (pharmacophores) to a specific site in the parasite. 

In addition to the identification and synthesis of new chemical compounds as potential 

antimalarial drug leads, libraries of previously isolated natural products are being 

screened for antimalarial activity. Techniques such as high- and medium-throughput 

screening of known chemical classes have begun to be implemented within industry 

settings in an effort to identify promising lead compounds (Bleicher et al., 2003; Alanine 

et al., 2003). Figure 3.5 illustrates some of the stages that are involved in the development 

of a potential new antimalarial drug (adapted from Fidock, 2004). 
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Figure 3.5. Example of a pathway for the discovery of new antimalarial drugs 

Note: Adapted from Fidock, 2004. 

As Fidock (2004: 510) advised, "for the treatment of malaria in the developing world, the 

provision of affordable, orally active treatments that are safe for children is, for practical 

purposes, mandatory." Ideally, new antimalarial drugs must be inexpensive, effective and 

efficient, have minimal toxicity, and have a different mode of action to existing drugs so 

that they are not hindered by pre-existing mechanisms of drug resistance. 

Considering the historic potential of natural products as excellent candidates for new 

drugs, the identification of new molecular entities, such as the flinderoles (1-3), and their 

corresponding biological activity is significant. The novel ring system and dimeric 

structure of the flinderoles mean that they differ significantly from existing antimalarial 

drugs and hence may become lead compound/s for the preparation of new drugs to which 

malaria parasites are not yet resistant. 
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 The flinderoles 

The flinderoles (1-3) are a class of alkaloids that were isolated in a screening study of 

Australian and Papua New Guinean plants for antimalarial activity (Fernandez, 2008). 

The flinderoles have a similar chemical structure to the borreverines (see isoborreverine 

8; Figure 3.6), a class of tryptamine-isoprene-derived compounds that were isolated from 

F. fournieri in the 1970s (Tillequin et al., 1979). The structure of both the flinderoles and 

borreverines is based on a bis-indole ring system, with one of the indoles forming part of 

a pyrrolo[1,2-a]indole heterocyclic system in the case of the flinderoles.  

 

Figure 3.6. Related structures of the flinderoles and isoborreverine 

Structural elucidation of the active fractions from a bioassay of extracts of various 

Flindersia species led to the identification of three flinderole compounds (1-3), which 

differ in the stereochemistry of the pyrroloindole ring and their 2-aminoethyl side groups 

(Fernandez et al., 2009). Flinderole A (1) was isolated from the native Australian species 

Flindersia acuminata, and the flinderoles B (2) and C (3) were isolated from Flindersia 

amboinensis, from Papua New Guinea. 

Like the related borreverines, the flinderoles were found to have selective antiparasitic 

activity against drug-resistant strains of Plasmodium falciparum (Fernandez et al., 2009; 

2010). They displayed 50% inhibitory concentration (IC50) values of 0.02-1.61 μM, and 

flinderole C is the most active of the three isolated compounds. Parasite trophozoite stages 

were found to be more susceptible to the flinderole compounds than ring/schizont stages 

(Fernandez, 2010).  

Previous syntheses of the flinderoles 

At the time of commencing this chemistry research, the flinderoles and their activity 

against P. falciparum had only recently been identified. During the course of this project 

however, three alternative strategies for the synthesis of the flinderoles have since been 



 

 61 

reported. These synthetic routes are considerably different to the route that we proposed 

for the synthesis of the flinderoles.  

The first biomimetic total synthesis of the flinderole molecules was reported in 2011 

(Dethe, Erande & Ranjan, 2011). A Lewis-acid catalysed, stereo- and regioselective [3+2] 

cycloaddition reaction between a tertiary alcohol (9) and an olefin (10) was developed for 

the synthesis of pyrrolo[1,2-a] indoles. This method was used to synthesise flinderoles B 

(2) and C (3) in 17% yield over 11 steps (Scheme 3.1). 

 

Scheme 3.1. First synthesis of the flinderoles by a [3+2] cycloaddition 

Note: Dethe, Erande & Ranjan, 2011. 

Also in 2011, Zeldin and Toste reported a total synthesis of flinderoles B and C (2, 3) 

which was based on a gold(I)-catalysed hydroarylation of an allene electrophile at the 

indole C2 position for formation of the key pyrrolidine ring (Scheme 3.2). The use of the 

N-heterocyclic carbene catalyst IPrAuSbF6 for cyclisation of the allene (11) established 

the unique pyrrolidine and isobutenyl features of the flinderoles as a single 

diastereoisomer. A Horner-Wadsworth-Emmons olefination was used to join two indoles, 

the tricyclic diastereoisomer (12) and phosphonate ester (13), leading to the flinderole 

skeleton. This synthetic pathway was completed in 14 steps with an overall yield of 4% 

(Scheme 3.2). 
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Scheme 3.2. Synthesis of the flinderoles by a gold-catalysed allene hydroarylation  

Note: Zeldin & Toste, 2011. 

A highly efficient synthesis of flinderoles A-C (1-3) and isoborreverine was also achieved 

according to a biomimetic approach, as reported by Vallakati and May (2012). The key 

step in this route was an acid-promoted dimerisation of the natural product borrerine to 

selectively produce isoborreverine or the flinderoles (43% yield) in only three steps from 

tryptamine. 

Proposed route for the total synthesis of the flinderoles 

A convergent approach for the synthesis of compounds with a clear point for 

disconnection is commonly used in the pharmaceutical industry in preference to a linear 

synthetic sequence. This approach toward complex targets or natural products is preferred 

in many synthetic research programs for its capacity to optimise overall yields as well as 

economic reasons. The bis-indole alkaloid skeleton of the flinderoles (1-3), which is 

linked by an alkene chain, lends itself to a retrosynthetic dissection through the linking 

alkene bond. We considered that it would be synthetically efficient to prepare the two 

related indole fragments individually and, in the latter stages of the synthesis, couple these 

two fragments to give the target compound. 

We therefore proposed a synthetic route to the flinderoles in which both ring fragments 

could be accessed from commercially available tryptamine. The flinderoles are chiral 

compounds with two stereogenic centres, but an initial racemic synthesis was proposed 

for this investigation prior to the development of an asymmetric synthesis.  
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Two options for coupling the fragments together were proposed (Scheme 3.3): a 

metathesis reaction between two terminal olefins, or a Wittig reaction between a 

phosphonium ylide and a carbonyl group (aldehyde) on the respective fragments. The 

olefin metathesis reaction for the formation of C-C bonds (Grubbs & Chang, 1998) has 

become popular as a reliable synthetic transformation and the Wittig reaction has been 

extensively used for the preparation of alkenes since its discovery in 1954 (Wittig & 

Schöllkopf, 1954). 

 

Scheme 3.3. Proposed alternatives for retrosynthetic dissection of the flinderoles 

The first step of the proposed synthesis was to install protecting groups at N10 of 

tryptamine to produce a basic starting skeleton (14). The removal of these protecting 

groups at a later stage would provide an opportunity to modify the flinderoles to produce 

analogues.  

In the proposed synthesis, fragment A was to be prepared by first generating a five-

membered ring on the indole nitrogen to form the pyrroloindole structure. A Lewis acid 

catalysed, Friedel-Crafts acylation reaction at the C2 position of (14) was planned 

(Scheme 3.4, a) to provide a homo-allylic ketone side chain in 15. This side chain, 

containing a terminal olefin, was intended for use in an intramolecular reaction and would 

act as a synthetic handle to install the C1' isobutyl group. If the use of a Friedel-Crafts 

reagent containing a terminal alkene, such as 3-butenoyl chloride, was successful, 

epoxidation of the olefin with meta-chloroperoxybenzoic acid or dimethyldioxirane 

(Scheme 3.4, b) was anticipated to promote the nucleophilic attack of the unprotected N1 

heteroatom onto the newly electrophilic C3' atom. The product (16) from this latter 

transformation (Scheme 3.4, c) would be expected to contain the required five-membered 
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ring, as well as a terminal, primary alcohol moiety that could later be modified to produce 

analogues.  

 

Scheme 3.4. Proposed synthesis of Fragment A: intramolecular cyclisation 

The iso-butyl side chain at C1' could be inserted by a series of Wittig reactions. Protection 

of the new terminal alcohol and a Wittig reaction of the ketone at C1' (16) with 

methoxymethyl triphenylphosphonium chloride would provide an enol ether (17; Scheme 

3.5, d). The subsequent acid-catalysed hydrolysis of this group with a strong acid, such 

as para-toluenesulfonic acid, would be likely to produce the aldehyde 18 (Scheme 3.5, 

e). A second Wittig reaction between iso-propyl triphenylphosphonium chloride and the 

highly reactive aldehyde moiety found in compound 18 would be expected to result in a 

product with the desired side chain at C1' (19; Scheme 3.5, f). 

 

Scheme 3.5. Proposed synthesis of Fragment A: installation of an isobutyl group 

Following installation of the isopropyl group, deprotection and subsequent oxidation of 

the alcohol moiety at C3' in compound 19 was intended to provide aldehyde 20 (Scheme 

3.6, g). Enolate chemistry would then be used to attach the quaternary methyl group at 

C3' by quenching with methyl iodide, to prepare Fragment A (21; Scheme 3.6, h). 

 

Scheme 3.6. Proposed synthesis of Fragment A: quaternary methyl group 
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To prepare Fragment B, the same starting indole (14) as that used to prepare fragment A 

could be employed. A Vilsmeier-Haack reaction between the indole and 

dimethylformamide in the presence of phosphorous oxychloride would be expected to 

provide an aldehyde at C2 (22; Scheme 3.7, a). Treatment with methyl 

triphenylphosphonium bromide would then be likely to produce the terminal olefin 

required for fragment B (23; Scheme 3.7, b). 

 

Scheme 3.7. Proposed synthesis of fragment B 

Following the successful synthesis of the two flinderole ring fragments, it is intended to 

investigate coupling of the two fragments A and B. For a metathesis reaction, each of the 

fragments would require a terminal alkene, which could be installed by treatment of a 

carbonyl group with a Wittig reagent. For example, the reaction of fragment A aldehyde 

(18) with methyl triphenylphosphonium bromide would then provide access to the alkene 

24, as shown in Scheme 3.8. 

 

 

Scheme 3.8. Conversion of Fragment A to an alkene 

With a terminal alkene on each fragment, a ruthenium-catalysed metathesis reaction 

between the two fragments would be expected to give the flinderole skeleton 25 (Scheme 

3.9).  
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Scheme 3.9. Olefin metathesis for the attachment of Fragments A and B 

Alternatively, if the metathesis reaction to attach the two fragments was unsuccessful, the 

potential to use a Wittig reaction could also be considered. For a Wittig reaction, one of 

the flinderole fragments must be an aldehyde and the other an ylide or phosphorane 

reagent (as discussed previously). Based on the outlined synthesis of fragment A above 

(21; Schemes 3.4-3.6), an aldehyde would already be present in a suitable position (C3') 

in fragment A (21), thus allowing coupling with a Wittig reagent. Hence, it would be 

efficient to create a Wittig reagent by reaction of fragment B (23) with triphenyl 

phosphine. Treatment of the resulting phosphonium Wittig reagent (26) with the fragment 

A aldehyde (21) in the presence of a base, such as sodium hexamethyldisilazane 

(NaHMDS), (Scheme 3.10) would be expected to provide access to the flinderole skeleton 

(25). 

 

Scheme 3.10. Wittig reaction to attach fragments A and B 

Why develop a total synthesis?  

By developing a synthetic route to a natural product, the formation of intermediate 

compounds or further substituted compounds means that the structure-activity 

relationships (SAR) of the compound can be explored. In other words, by making changes 

to the chemical structure of a compound, the biological activity may be improved and the 

structural features or functional groups that bestow biological activity to the molecule 

(i.e., the pharmacophore) may be identified and optimised. 
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At the commencement of this project, a synthetic route to the target flinderoles had not 

yet been developed, thus there was no way of identifying which part of the compound 

was responsible for its biological activity. The development of a total synthesis for 

preparation of the flinderoles (1-3) would allow access to more derivatives and analogues 

of these compounds that could not normally be accessed from the natural product itself. 

These compounds in turn could also be investigated further for biological activity.  

In the proposed synthesis of the flinderoles, modification of the N10 position, which 

carries a protecting group through the entirety of the proposed synthesis, may provide 

analogues with improved bioactivity, solubility or bioavailability. The formation of the 

hydrochloride salt of the target compound may also improve its solubility in a biological 

environment. 

The potential to modify the C1' side-chain of Fragment A (21) by using different 

phosphonium ylides would also provide access to additional analogues, and the linking 

alkyl chain between the fragments could be extended. Additionally, rather than a 

pyrroloindole ring system in Fragment A, the size of the third ring could potentially be 

increased if the starting indole 14 was initially substituted with a longer side-chain at C2 

containing a terminal alkene (see Scheme 3.4, a). 

 

3.2 Flinderoles and bis-indoles 

The construction of the five-membered pyrroloindole ring system, which is a key feature 

of the flinderoles, was anticipated to be the most complicated step in the total synthesis 

of the flinderoles and was therefore the first aspect of the proposed route that was 

explored. However, attempts to synthesise the pyrrolo[1,2-a] indole ring system were 

ultimately unsuccessful. As mentioned earlier in the introduction to this chapter, although 

the synthesis of the flinderoles was not achieved, a new and efficient route for preparing 

related bis-indole compounds was developed in its place.  

Due to the change in focus of this thesis from chemistry to science communication, the 

chemistry research undertaken toward the synthesis of the pyrroloindole ring system has 

not been presented herein. The ensuing results and discussion section describes only the 

investigations undertaken as part of the preparation of the bis-indole compounds. 
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3.3 Results and Discussion 

All indole starting materials used for this project were synthesised from tryptamine (27), 

which contains an ethyl amine tether in the required position for the flinderoles (Figure 

3.7). By following literature procedures, the N10 position of tryptamine was easily 

protected with either a tert-butoxycarbonyl (Boc) group (Cole et al., 2007) or with methyl 

and acetate functionalities (Aubrey et al., 2006; Khalil et al., 1998) to provide the starting 

indoles 28 and 29, respectively. The methyl group in compound 29 was intended as a 

permanent feature of these compounds due to its presence in the flinderoles and many 

other bioactive compounds. Conversely, removal of the Boc and acetate groups was 

anticipated. The protection of the N10 position also provided the opportunity to later 

modify the bis-indole products for the investigation of other analogues. 

 

Figure 3.7. Starting compounds for the proposed synthesis of the flinderoles 

For an initial investigation into the use of a Grubbs cross-metathesis reaction for the 

formation of bis-indole compounds, a simple allyl-protected starting material was 

considered. The synthesis of tryptamine-based indoles containing a terminal alkene 

moiety at the N1 or C2 position was therefore explored. A mild allylation of the N1 atom 

of 28 was attempted with the use of K2CO3 (Lu et al., 2009); however, only limited 

reactivity was observed after 24 h and this attempt was subsequently abandoned. Instead, 

an allyl group was successfully inserted at the N1 group of compounds 28 and 29 by 

treatment with NaH followed by allyl bromide. Quantitative conversion of compounds 

28 and 29 to the allyl-protected compounds 30 and 31 was achieved (Scheme 3.11).  

 

Scheme 3.11. Formation of the N-allyl indoles 30 and 31 
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 Optimisation of the metathesis reaction 

To investigate whether a ruthenium-catalysed metathesis reaction would be a suitable 

method for coupling two protected indoles, the dimerisation of the prepared allyl indole 

compounds was explored as a model system. Compound 30 was used as a model to 

determine the best conditions for the metathesis reaction. Treatment of compound 30 in 

dichloromethane with the Grubbs first generation catalyst (32) was successful and the 

dimer (33) was obtained in 84% yield (Table 3.1). The use of dichloroethane (DCE) was 

also investigated to explore the effect of an increase in the reaction temperature, but only 

limited reactivity was seen after 24 h in this solvent. The mixture was left to react for a 

longer period of time, but after 72 h, the dimer (33) was only obtained in 30% yield. A 

metathesis reaction can be reversible over a long period of time (Fürstner et al., 2000), 

and it appears that a reaction time of 72 h considerably reduced the yield of product 33 

for this system.  

Table 3.1. Attempted metathesis conditions for the synthesis of dimeric bis-indole 
compounds 

 

Entry Catalyst Solvent T t Yield (33) 

[C] [h] [%] 

1 32 CH2Cl2 38 24 84 

2 32 CH2Cl2 38 48 74 

3 32 DCE RT 72 30 

4 34 CH2Cl2 38 48 20 

5 34 DCE RT 72 14 

6 32 Trifluorotoluene 80 24 31 

7 32 Toluene 80 24 45 

Note: 10 mol% catalyst loading unless otherwise stated 
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The use of the second-generation Hoveyda-Grubbs catalyst (34), which is reported to 

increase catalytic efficiency in the reaction of sterically-hindered substrates (Stewart et 

al., 2009), was also investigated for the metathesis reaction. However, when this catalyst 

was trialled for the reaction, dimer 33 was produced with a maximum yield of only 20% 

(Table 3.1, entries 4 and 5). 

The use of a fluorinated solvent for the metathesis reaction can allow the reaction of more 

challenging substrates to be achieved in higher yield (Kadyrov, Bienek & Grela, 2007). 

Trifluorotoluene was therefore investigated as a solvent for the metathesis reaction, with 

a comparison to toluene. However, no improvement in the yield was seen with the use of 

the fluorinated solvent compared with the non-halogenated solvent (Table 3.1, entries 6 

and 7); indeed, a higher yield was obtained from the reaction in toluene.  

Samojłowicz, Bieniek and Grela (2009) reported that some ring-closing metathesis 

reactions promoted by the first-generation Grubbs catalyst (32) in toluene at 80°C were 

faster than those in dichloromethane at 40°C or 1,2-dichloroethane at 80°C (Fürstner et 

al., 2000; Fürstner et al., 2001; Ledoux et al., 2006). However, this appeared not to be the 

case for the dimerisation of indole 30. A much higher yield of the dimer (33) was obtained 

from the reaction carried out in CH2Cl2 at reflux compared to that in toluene (Table 3.1, 

cf. entries 1 and 7). 

Overall, the Grubbs catalyst (32) was found to promote high yields of the bis-indole 

product (Table 3.1, entries 1 and 2) and was preferred to the Hoveyda-Grubbs catalyst 

(34) for economic reasons. The optimal reaction conditions for the metathesis coupling 

reaction of simple indole compounds were the use of Grubbs first-generation catalyst (32; 

0.1 equiv) in dichloromethane at reflux for 24 h; neither the use of the second-generation 

catalyst nor a fluorinated solvent resulted in an improved yield. Starting material was the 

only other compound isolated from each attempt, giving full mass recovery from the 

reaction.  

The dimerisation of indole 31 was also investigated under the conditions optimised for 

the dimerisation of indole 30. The dimer 35 was obtained in 77% yield, with starting 

material (31) also recovered in 22% yield, providing a final yield of 99% based on 

recovered starting material (brsm). Increasing the reaction time to 48 h gave a reduced 

yield of product 35 (69%; Scheme 3.12), thus the optimal conditions found previously 

were upheld. 
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Scheme 3.12. Preparation of the cross-metathesis product 35 

Cross-coupling of the indole starting materials 30 and 31 was then explored to determine 

whether a hetero-dimeric cross-metathesis product (36) could be obtained. Equimolar 

equivalents of the two indoles were treated under the optimised reaction conditions and 

the desired bis-indole product (36) was isolated in 31% yield (Scheme 3.13). Again, 

recovery of starting materials 30 and 31 was observed, and when this was taken into 

account, product 36 was obtained in a reasonable yield of 59% (brsm).  

 

Scheme 3.13. Preparation of the cross-metathesis product 36 

 Alternative starting indoles 

The simplicity and success of the metathesis reaction and the optimised conditions 

(dichloromethane, 10% Grubbs catalyst (32), reflux, 24 h) for the preparation of a new 

bis-indole skeleton warranted further investigation into more complicated indoles as 

starting materials for the metathesis reaction.  

An indole compound containing a C2 allyl group was suggested as an alternative starting 

material for investigation into the formation of bis-indole compounds linked through C2 
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rather than N1. In order to increase the reactivity of this position to electrophilic 

substitution, both direct lithiation (Gribble et al., 1992) and metal-for-halogen exchange 

(Moyer, Shiurba & Rapoport, 1986) at C2 were considered. However, whilst investigating 

the synthesis of the pyrroloindole ring system (not reported herein), we found that 

lithiation of the C2 indole position was normally reported in the presence of an ortho-

directing metalation group (o-DMG), such as Boc, at N10. The attempted lithiation of a 

carbamate (37) with propionaldehyde resulted in aldol addition at the N10 amine to 

produce compound 38, rather than electrophilic substitution at C2 (Scheme 3.14). 

 

 

Scheme 3.14. Aldol condensation at N10 position of carbamate 37 

Generally, the presence of a heteroatom-containing directed metalation group (DMG) in 

a heterocyclic system can assist the deprotonation of the position ortho to the DMG. On 

treatment with an electrophilic reagent, an ortho-lithiated species is formed, which results 

in the 1,2-disubstituted product (Snieckus, 1990). Thus a DMG must be a good co-

ordinating site for the alkyllithium reagent as well as being a poor electrophilic site for 

attack by the same reagent. In a specific example, Führer and Gschwend (1979) 

demonstrated that the amide proton of an acylated aniline was required for formation of 

the lithiated species (Scheme 3.15). 

 

Scheme 3.15. Mechanism for the α-lithiation of acylated anilines 

Note: Führer & Gschwend, 1978. 

In the protected indole system under investigation in this work, the tertiary amide group 

at N10 (e.g., 31, 37) is a DMG, but the acidic nature of the α protons on the acetate 

protecting group at N10 appear to make this compound susceptible to aldol condensation 

at the N10 position. 
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With this in mind, we prepared a protected indole from tryptamine (27). Indole 39 

contains the butyloxycarbonyl (Boc) group at N10 as a DMG to direct lithiation toward 

the C2 position, as well as a second Boc group to protect the N1 position (Scheme 3.16). 

Lithiation and allyl substitution at the C2 position of indole 39 with BuLi and allyl 

bromide was attempted (Scheme 3.16); however, neither the reaction with n- nor tert-

BuLi was successful and no evidence of an allyl group that would indicate formation of 

the desired product (40) was observed by NMR analysis. The reduced reactivity of the 

di-protected indole (39) is possibly due to the reduced nucleophilicity of the C2 position 

resulting from the electronics of the indole nitrogen.  

 

Scheme 3.16. Attempted synthesis of the 2-allyl compound 40 

A Tsuji-Trost reaction was also investigated for the insertion of an allyl group at the C2 

position of the analogous indole starting material 41 (produced from compound 29) to 

give 2-allyl compound 42 (Scheme 3.17). However, treatment of indole 41 with catalytic 

Pd(PPh3)4 and allyl bromide (Stewart et al., 2009) was unsuccessful and only starting 

material was recovered from the reaction mixture. Further attempts to prepare a C2-allyl 

indole were abandoned. 

 

Scheme 3.17. Attempted synthesis of the 2-allyl-substituted compound 42 

 Cross-metathesis reactions of homoallylic alcohols 

As part of our exploration of the pyrroloindole ring system, we prepared a number of 

indoles containing a homoallylic alcohol side chain at the C2 position. The terminal 

alkene on the C2 side chain was considered to be a suitable substrate with which to 

attempt the formation of bis-indole compounds by a cross-metathesis reaction. 
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To prepare the homoallylic alcohols, a para-methoxy benzyl (PMB) group was used to 

protect the N1 position of compound 28. An aldehyde was installed at the C2 position of 

28 according to a literature procedure (Jones, Simmons & MacMillan, 2009) by using n-

BuLi in THF and quenching the resulting lithiated species with DMF. Full conversion to 

the protected indole 43 was achieved after 1 h at 0°C (96% yield). The crude product (43) 

was then treated with n-BuLi and DMF in THF, and the aldehyde 44 was obtained in 67% 

yield (Scheme 3.18). 

 

Scheme 3.18. Preparation of the aldehyde 44 

Note: Jones, Simmons & MacMillan, 2009. 

Based on literature precedent for a Grignard reaction at an indole C2 aldehyde (González-

Pérez et al., 2002), a Grignard reaction of aldehyde 44 with allylmagnesium bromide was 

attempted. The desired homoallylic alcohol product (45) was obtained in 40% yield 

(Scheme 3.19).  

 

Scheme 3.19. Grignard reaction to produce the homoallylic alcohol 45 

We then explored use of the more reactive Grignard reagent, allylmagnesium chloride, in 

an effort to improve the yield of the homoallylic alcohol. A standard literature procedure 

was followed for synthesis of allylmagnesium chloride (Tamele et al., 1941). The fresh 

allylmagnesium chloride2 was added to aldehyde 44 in THF at 0°C and the homoallylic 

alcohol product (45) was isolated in an improved yield of 54% (Scheme 3.19).  

                                                 
2 The concentration of allylmagnesium chloride was determined by titration against HCl to be 1.17 M in 

THF. 
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It was proposed that the use of methylallylmagnesium chloride in the Grignard reaction 

would enable the introduction of a homoallylic side chain containing the methyl group 

that is found at the quaternary C3' stereocentre of the flinderole skeleton. The Grignard 

reagent was prepared by adding methylallyl chloride dropwise over 1 h to activated Mg 

turnings in THF then stirring for 2 h (Tamele et al., 1941). The fresh 

methylallylmagnesium chloride 3  was reacted with aldehyde 44 and the methylated 

homoallylic alcohol (46) was isolated in 61% yield (Scheme 3.20). 

 

Scheme 3.20. Grignard reaction to produce the methylated homoallylic alcohol 46 

Although the first-generation Grubbs catalyst (32) was selected as the most suitable 

catalyst for the dimerisation of the N1-substituted indoles, this catalyst can display 

sluggish reactivity toward unprotected homoallylic alcohols in metathesis reactions due 

to coordination of the oxygen lone pair electrons on the homoallylic alcohol group to the 

ruthenium centre of the Grubbs catalyst (Engelhardt, Schmitt & Taylor, 2001). High 

catalyst loadings can therefore be required for metathesis reactions involving these 

substrates. However, second-generation ruthenium catalysts have been used successfully 

at lower catalyst loadings for the cross-metathesis reaction of unprotected homoallylic 

alcohols (Engelhardt, Schmitt & Taylor, 2001; Eissler et al., 2007; Cossy, BouzBouz & 

Hoveyda, 2001). The Hoveyda-Grubbs second-generation catalyst (34) was previously 

demonstrated to have reasonable catalytic activity for the cross-metathesis reactions 

investigated (see Table 3.1), therefore we opted to use this catalyst for attempts at 

metathesis reactions involving the prepared homoallylic alcohols.  

A series of metathesis reactions between homoallylic alcohol 45 and an N1-allyl indole 

was investigated. Compounds 45 and 31 were heated at reflux in dichloromethane in the 

presence of the Hoveyda-Grubbs catalyst (34; 10 mol%). After 48 h, the cross-metathesis 

product 47 was isolated in 29% yield (Table 3.2, entry 1).  

                                                 
3 The concentration of methylallylmagnesium chloride was determined by titration against HCl to be 0.62 

M in THF. 



 

 76 

A subsequent cross-metathesis of methylated compound 46 with 31 using the Hoveyda-

Grubbs catalyst was also attempted in dichloromethane in order to prepare compound 48; 

however no reaction was observed (Table 3.2, entry 2). 

Table 3.2. Metathesis reaction between a N1-allyl indole and homoallylic alcohol with 
the Hoveyda-Grubbs catalyst 

 

Entry Indole 1 Indole 2 Solvent T t Yield 

    R1 R2   R3   [C] [h]   [%] 

1 31 CH3 COCH3 45 H CH2Cl2 reflux 48 47 29 

2 31 CH3 COCH3 46 CH3 CH2Cl2 reflux 48 - NR 

3 30 H Boc 45 H CH2Cl2 
RT 

reflux 

48 trace NR 

4 d 49 12 

Note: 10 mol% catalyst loading unless otherwise stated. 

 

The cross-metathesis reaction of the homoallylic alcohol 45 with indole 30 was then 

explored. Molar equivalents of the two starting indoles were reacted at ambient 

temperatures in the presence of the Hoveyda-Grubbs catalyst for 48 h (Table 3.2, entry 

3); however, only trace conversion to the bis-indole compound 49 was observed by TLC. 

The mixture was subsequently heated to reflux and the reaction time was extended to 4 d 

in an attempt to increase the product yield, but no further reaction was observed. After 

purification by column chromatography, the desired product 49 was obtained in only 12% 

yield (Table 3.2, entry 3).  

The dimerisation of the homoallylic alcohol 45 was also attempted under the optimised 

reaction conditions, yet the desired product 50 was isolated in only 9% yield (Scheme 

3.21). 
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Scheme 3.21. Dimerisation of the homoallylic alcohol 45 

The cross-metathesis of homoallylic ketone 51 (prepared as part of the pyrroloindole 

investigation not reported here) with indole 31 was also attempted (Scheme 3.22), but 

only a trace amount of the dimerised starting material (35) was isolated. Unfortunately, 

formation of the desired cross-metathesis product 52 was not observed. 

 

Scheme 3.22. Metathesis reaction between N1-allyl indole 31 and homoallylic ketone 
51 

 Cross-metathesis reactions of 2-vinyl indoles 

In order to prepare Fragment B (as per the proposed route to the flinderoles; Scheme 3.7), 

aldehyde 53 was subjected to a methyl-Wittig reaction (Scheme 3.23) to produce the 1-

allyl 2-vinyl indole 54 in 30% yield (Jones, Simmons & MacMillan, 2009). Indole 44 was 

used to prepare the analogous vinyl indole 55 in a similar manner in 60% yield.  
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Scheme 3.23. Wittig reaction for the preparation for flinderole Fragment B 

Compounds 54 and 55 prepared from the Wittig reactions were of particular interest as 

substrates for subsequent reactions to prepare the flinderole skeleton. The alkene moieties 

at the C2 position of compounds 54 and 55 is structurally similar to the bond in the 

proposed fragment B; hence could be used to link to fragment A in a subsequent 

metathesis step to produce the flinderole skeleton (Scheme 3.24).  

 

Scheme 3.24. Proposed metathesis reaction to produce the flinderole skeleton 

The cross-metathesis reaction of each of the vinyl compounds 54 and 55 with a simple 

indole starting material was investigated. Unfortunately, when the vinyl compounds 54 

and 55 were treated with N1-allyl indoles 30 or 31 under the optimised metathesis 

conditions, no reaction resulted and no desired product was obtained. In each case, the 

only products isolated were the dimeric compounds 33 or 35 and recovered starting 

materials. It is possible that the conjugation of the vinyl group with the indole system 

limits the reactivity of these compounds, as well as the steric bulk of the PMB and Boc 

protecting groups limiting access to the vinyl moiety.  

Interestingly, in an investigation of ring-size effects on ring-closing metathesis (RCM), 

Chacun-Lefèvre et al. (2002) reported the RCM of a conjugated C3-vinyl indole to form 

an eight-membered ring in concentrated solution. However, the homo-coupled derivative 

was formed in preference to the cyclised product (Scheme 3.25), which is likely due to 

the high conjugation of the C3-vinyl group. The low reactivity of 54 and 55 in the present 

study therefore may not be surprising, and further investigation would be required to 

confirm whether cross-metathesis of these conjugated indoles is possible. 
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Scheme 3.25. RCM of a conjugated C3-vinyl indole 

Note: Chacun-Lefevre et al., 2002 

 Deprotection of bis-indole compounds 

The deprotection of the N10 protecting groups of the bis-indole compounds was next 

explored. In particular, removal of the protecting acetate group on dimer 35 was 

investigated because the removal of this moiety would leave a secondary amine (56) with 

a structure that is more similar to the flinderoles. The deprotection of dimer 33 was also 

attempted in an effort to prepare primary amine 57. A summary of the deprotection 

attempts is presented in Table 3.3.  

Table 3.3. Attempted deprotection of the bis-indole compounds 33 and 35 

 

Entry bis-Indole Reagent Solvent T t Yield 

         [C]  [h]  [%] 

1 33 - TFA 0   trace 

2 35 HCl (2 M)[a] - reflux 16 trace 

3 35 TFA CH2Cl2 reflux 24 NR 

4 35 K2CO3 methanol 50 24 NR 

5 35 ([Me3O]+[BF4]-)[b] CH2Cl2 RT 24 NR 

[a] Dilbeck et al., 1978; [b] Hanessian, 1967. 
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Although some of the attempted deprotection reactions appeared to be successful based 

on TLC analysis (Table 3.3, entries 1 and 2), products 56 and 57 could not be isolated 

from the reaction mixtures. The failure to isolate any product using standard column 

chromatography on silica gel may be due to the polarity of the deprotected amine groups 

and/or irreversible interaction with the silica stationary phase.  

Due to time constraints and a shift in the direction of this project toward a science 

communication investigation, no attempts were made to separate the reaction mixtures 

using reversed-phase chromatography. Further investigation would be required to assess 

whether the primary or secondary amine moiety could be prepared and whether these 

structural features contribute to SAR of the flinderole skeleton.  

 Modification of the olefin bridge in the bis-indole compounds 

Hydrogenation 

Hydrogenation of the bis-indole compounds was investigated in order to reduce the 

alkene double bond linking the two dimer fragments. Accordingly, a mixture of dimer 33 

and Pd/C in THF was stirred under a H2 atmosphere. The saturated dimer 58 was obtained 

in 84% yield after purification by column chromatography (Scheme 3.26). The bis-indole 

compound 35 was also subjected to the same reaction conditions and the saturated product 

59 was obtained in 72% yield (Scheme 3.26). The cross-metathesis dimer 36 was also 

subjected to hydrogenation, and the alkane 60 was obtained in 88% yield. 

 

Scheme 3.26. Reduction of the alkene bond in the dimeric bis-indole compounds 
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Oxidation  

The synthesis of the series of bis-indole compounds as described above was undertaken 

concurrently with our investigation into the formation of the pyrrolo[1,2-a]indole ring 

system (not described herein). We were therefore able to translate reactions that were 

considered for one synthetic pathway to the other.  

For example, the proposed total synthesis of the flinderoles involved the epoxidation of 

the C3'-C4' position in the alkene side chain of a homoallyl alcohol such as 45. This 

reaction was suggested as a means of preparing a reactive group on the linking alkene in 

the bis-indole compounds that would allow for an intramolecular cyclisation, resulting in 

formation of the pyrroloindole ring system (see the proposed synthetic route in Scheme 

3.4). The formation of a pyrroloindole ring system based on the new bis-indole 

compounds would result in a series of compounds that are more closely related to the 

flinderoles themselves. A synthetic pathway using the indole structures prepared in this 

study is proposed in Scheme 3.27.  

 

Scheme 3.27. Proposed oxidation and intramolecular cyclisation of the new bis-indole 
compounds 
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In addition to epoxidation of the C3'-C4' bond, dihydroxylation at C3'-C4' was proposed 

as an alternative method for eventually generating a reactive carbon atom at the C3' 

position. A range of conditions was therefore explored for the epoxidation or 

dihydroxylation of the bis-indole compounds (Table 3.4). Unfortunately however, none 

of these attempts provided the desired product. 

Table 3.4. Conditions investigated for oxidation of the linking alkene bond in the bis-
indoles 

Entry bis-Indole Reagent Solvent T t Yield 

         [C]  [h]  [%] 

1 33 mCPBA (1.3 equiv) CH2Cl2 0 48 NR 

2 33 
NaIO4 (0.3 equiv),  
NaBr (0.2 equiv)[a] 

Acetic acid 95 18 NR 

3 33 
OsO4 (0.1 equiv),  
NMO (2 equiv) 

Acetone/H20 (5:1) RT 4 Decomp. 

4 35 
NaIO4 (0.3 equiv),  
LiBr (0.2 equiv)[a] 

Acetic acid 95 18 Decomp. 

[a] Emmanuvel, Shaikh & Sudalai (2005) 

 

 Antimalarial assay of the bis-indole compounds 

Overall, eight new compounds were prepared during this investigation with a simple bis-

indole skeleton. Due to the similarity of their base structural skeleton to the flinderoles 

(1-3) and the borreverines (e.g., isoborreverine (8); see Figure 3.8), it was considered 

worthwhile to investigate the antimalarial activity of the new bis-indole compounds. 

 

Figure 3.8. The new bis-indole skeleton with comparison to the Flinderoles and the 
borreverine skeleton 
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The level of activity required for a chemical compound to be considered a potential lead 

for drug development is dependent on the disease target and the mode of action of the 

compound/s in question. For an antimalarial compound to be considered a potential lead 

for further development, Fidock et al. (2004) recommended an IC50 value in the range of 

1-5 μM. The higher end of this range, although not necessarily sufficient activity to be 

classed as a useful drug, allows for the possibility of structural modification to improve 

potency. In her original assay of the flinderoles, Fernandez (2010) classified the activity 

of various antimalarial compounds according to the IC50 ranges shown in Table 3.5. 

Table 3.5. Classification of antimalarial potency based on IC50 ranges 

Note: Fernandez, 2010. 

IC50 [μM] Classification 

<0.05 Potent 

<1.00 Good 

1-20 Moderate 

>20 Poor 

 

When tested against a chloroquine (CQ)-resistant strain of P. falciparum (FCR3), the 

flinderoles (1-3) were reported to inhibit parasite growth at IC50 concentrations of 

between 0.11 and 0.92 µM. When tested against a CQ-sensitive strain (3D7), IC50 

concentrations of 0.21-1.10 µM were effective (Fernandez, 2010). Flinderole B (2) was 

the most active of the flinderole natural products (0.11 µM) and showed a similar IC50 to 

that of the related natural product isoborreverine (8; 0.16 µM; Figure 3.9). 

Dimethylisoborreverine (0.02 µM) was the most active of the tested borreverine and 

flinderole compounds against the CQ-resistant strain FCR3. 
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Figure 3.9. Antimalarial activity of the flinderoles and isoborreverines  

Note: Fernandez et al., 2010. 

A selection of the newly prepared bis-indole compounds was chosen for a preliminary 

assay of their antimalarial activity against CQ-resistant and CQ-sensitive strains of P. 

falciparum. An isotopic, 3H-hypoxanthine-incorporation method was used (Desjardins et 

al., 1979; see the experimental data (Section 3.5) for details).  

All of the tested bis-indole compounds (33, 35, 36 and 59) inhibited the growth of P. 

falciparum in vitro; although according to the potency classification presented in Table 

3.5, they displayed only moderate activity. All of the bis-indole compounds were less 

potent (i.e., larger IC50 values) than the flinderoles, with IC50 values ranging from 7-15 

and 7-19 µM against the CQ-resistant and CQ-sensitive strains, respectively (Table 3.6).  
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Table 3.6. Antimalarial activity (in IC50) of the tested bis-indole compounds 

 

 
 

 

 

 

  35 59 33 36 

IC50 (W2mef)  
[µM] 

15.29 ± 2.46 14.01 ± 3.80 7.52 ± 0.27 7.23 ± 1.16 

IC50 (3D7)  
[µM] 

18.90 ± 1.31 14.51 ± 0.06 8.84 ± 3.07 7.53 ± 2.27 

 

Compounds 33 and 36 in particular were more active than the methylamine compounds 

35 and 59. The most potent of the bis-indole compounds were compounds 33 and 36, 

which displayed an IC50 of approximately 7 µM against the CQ-resistant parasite strain 

W2mef. All the bis-indole compounds, except dimer 33, displayed higher antimalarial 

activity against W2mef than against the CQ-sensitive strain 3D7. This result is promising 

and suggests a new antimalarial treatment could be optimised from these bis-indole 

compounds for use in regions where malarial resistance to chloroquine is apparent.  

The variation in activity of the bis-indole compounds against Plasmodium falciparum can 

be attributed to differences in the compound structures, which are likely to result in an 

altered uptake and distribution of these compounds within the parasite or different 

interactions with a protein receptor. The structural change from an alkene to an alkane 

bond between the two indole fragments of the dimer skeleton has a significant influence 

on the antimalarial activity against CQ-sensitive P. falciparum (cf. dimer 35 to alkane 

59). The effective IC50 concentration of 19 µM for dimer 35 is reduced to 15 µM with 

saturation of the bridging bond (compound 59). This effect is seen less strongly against 

the CQ-resistant strain. The difference in activity difference indicates that, in some cases, 

even very minor structural changes to compounds might increase the activity enough to 

produce a viable new antimalarial treatment. In this class of compounds, the change from 

an alkene to an alkane bond removes the restricted rotation of the molecule. A possible 

explanation for the increase in activity of the tested alkane 59 compared with the 
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corresponding alkene 35 is that the change in structure may improve the uptake of the 

molecule within the parasite, increasing its efficacy. 

The structural differences at N10 appear to impart an improved antimalarial activity to 

compounds 33 and 36 than is seen in compounds 35 and 59. The presence of secondary 

amine group/s in compounds 33 and 36 may have implications for the bioactivity of these 

compounds. However, Flinderoles B (2) and C (3), which also have dimethylated N10 

groups, are more active compounds than the mono-methylated Flinderole A (1). 

Similarly, isoborreverine was less active than dimethylisoborreverine when assayed 

against both CQ-sensitive and CQ-resistant parasite strains. Thus, further investigation 

will be required to explore whether changes in polarity can explain the difference in 

bioactivity of these compounds. 

Interestingly, the observed IC50 values did not differ significantly between CQ-sensitive 

and CQ-resistant strains for any of the bis-indole compounds. In particular, the activity 

of compounds 33 and 36 against CQ-resistant W2mef suggests that the bis-indole 

compounds have a different mode of action to that of chloroquine. This may indicate a 

different pharmacophore to that of the flinderoles. It is also worth noting that the tested 

bis-indole compounds were those with the least structural complexity of the prepared bis-

indoles. It would be worthwhile assessing the activity of the more complex bis-indoles 

(e.g., 47 or 50) to evaluate whether the additional features impart improved bioactivity.  

Further investigation into the structure-activity relationships (SAR) of the bis-indole 

compounds will be required to identify the structural moieties that are responsible for 

inducing the observed bioactivity, but this is beyond the scope of this study. 

Comparison with existing antimalarials  

Although the antimalarial activity of the bis-indole compounds is considerably lower than 

that of the flinderoles, the activity exhibited by compounds 33 and 36 (mean IC50 values 

of 7.52-8.84 and 7.23-7.53 µM, respectively) is comparable to antimalarial activity of the 

antibiotic macrolide azithromycin (AZ), which has a mean IC50 of 8.35 µM (CI 5.42-

12.87; see Figure 3.10; Wong et al., 2010). Azithromycin displays insufficient activity 

against P. falciparum for use as a monotherapeutic agent (Avery, Seoung-Ryoung & 

Mukherjee 2008), but in combination with other antimalarial drugs, such as quinine 

(Miller et al., 2006), tafenoquine (Chen & Keystone, 2005) or artemisinin derivatives 

(Noedl et al., 2007), additive or synergistic effects can be obtained. The use of 

azithromycin with chloroquine as a partner drug for the effective treatment of drug-
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resistant malaria has been reported and a new combination drug, AZCQ, is currently in 

phase III clinical trials (Pereira et al., 2011; Chandra et al., 2013). However, antagonistic 

effects of combination therapies using azithromycin have also been reported; for 

example, when azithromycin is combined with dihydroartemisinin (Ohrt et al., 2002).  

 

Figure 3.10. IC50 values for the bis-indole compounds (0.5% parasitaemia) compared 
with CQ and AZ* 

Note: *Yeo & Rieckmann, 1995. 

The bis-indole compounds prepared in this study were shown to inhibit the growth of P. 

falciparum with a similar level of antimalarial activity to azithromycin. (Figure 3.10). 

The simplicity of the synthetic preparation of the bis-indole compounds and their 

moderate potency against both CQ-resistant and CQ-sensitive P. falciparum strains 

(which is comparable to the combination therapy AZCQ, currently in clinical trials), call 

for further investigation of this class of compounds. Investigations into the structure-

activity relationships of these compounds are required to determine their pharmacophore 

and provide an opportunity to improve the potency of the bis-indole compounds. If 

successful, this line of research may result in the development of a new class of effective 

antimalarial compounds for use in combination therapies.  

 

3.4 Conclusion 

It was anticipated that the ruthenium-catalysed metathesis reaction, which is a widely-

used strategy in synthetic chemistry, would provide a simple route for connecting the two 

fragments that comprise the flinderoles.  
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To explore the utility of this reaction for coupling two indole compounds, a variety of 

indole starting materials were prepared by using different protecting groups on N1 and 

N10 of tryptamine-based compounds and substitution of the indole at C2. Although 

attempts to allylate the C2 position of a protected indole were unsuccessful, formylation 

at the C2 carbon provided a better handle for further synthetic variation. Both Grignard- 

and Wittig-type reactions at the C2 aldehyde were successful for the insertion of 

homoallylic and vinyl side-chains, respectively. 

A preliminary experiment with a simple, allyl-protected indole (30) demonstrated the 

success of this reaction, resulting in the preparation of dimer 33 in good yield. The 

reaction was straightforward and efficient. After optimisation of the reaction conditions, 

a series of bis-indole compounds was prepared from the homo- and hetero-cross-coupling 

of the various tryptamine-based starting materials. Six new bis-indole compounds (33, 

35, 36, 47, 49, and 50) were synthesised by this method.  

Ideally, a cross-metathesis reaction will provide high yields of the cross-metathesis 

products with minimal amounts of the competing dimerisation (self-metathesis) products 

(Connon & Blechert, 2003). In most of the successful metathesis reactions undertaken 

during this project, the only products observed were the desired homo- or hetero-cross-

coupling product, the dimers of each starting material (in cases where two indoles were 

reacted) or recovered starting material. However, it appeared that high yields of the 

hetero-cross-metathesis products 47 and 49 were difficult to achieve given the low 

reactivity of some of the indole starting materials, for example, the homoallylic alcohols 

45 and 46. Although yields of the desired cross-metathesis products were low, the 

methodology can be considered reasonably economical due to recovery of the indole 

starting material. 

Many bis-indole compounds possess potent biological activity, making them attractive 

targets for drug discovery research. A large number of bis-indole compounds are known 

and new bis-indole compounds continue to be isolated from natural sources (Cordell & 

Saxton, 1981). However, of the many bis-indole compounds that have been identified, 

there are significantly fewer compounds that are connected through the C2 position. Most 

known bis-indoles are connected through the C3 position. The development of the new 

and facile route described herein provides an efficient method for synthesising bis-indole 

compounds that are linked through the less reactive C2 position. In addition, the new 

synthetic route provides access to compounds that have potential for further structural 
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modification. Further investigation into the structural modification and biological activity 

of these compounds may contribute to the development of new antimalarial compounds.  
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3.5 Experimental data 

 Chemistry 

General: All reactions were performed in flame dried glassware under an argon 

atmosphere unless stated otherwise. Solvents were dried and purified according to the 

method defined by Armarego and Chai (2013). All reactions in which the mixture was 

heated were immediately placed in an oil bath preheated to the specified temperature. All 

ruthenium-mediated cross-coupling reactions were carried out using degassed solvents. 

Thin layer chromatography (TLC) was performed on Merck silica gel 60 F254 pre-coated 

aluminium sheets. Visualisation of developed TLC plates was achieved by use of a 254 

nm or 365 nm UV lamp and staining with potassium permanganate. Column 

chromatography was performed using Merck silica gel 60 (0.063-0.200 mm) with the 

eluents indicated. Proton (1H) and carbon (13C) NMR spectra were acquired on either a 

Varian 400 MHz Spectrometer at 25°C or a Varian INOVA 300 MHz Spectrometer at 

25°C. Chemical shift are reported on a  scale. Signals are quoted as s (singlet), d 

(doublet), dd (doublet of doublet), dq (doublet of quartets), t (triplet), q (quartet), m 

(multiplet) and br (broad). 13C assignments were aided with the use of DEPT135 analysis. 

High resolution mass spectra (HR-MS) were acquired on a VG AutoSpec instrument 

using electron impact ionisation (EI) or a Waters Premier time-of-flight (TOF) instrument 

using electrospray ionisation (ES). HR-MS was performed with a resolution of 

approximately 10,000. Infrared (IR) spectra were recorded with a PerkinElmer Spectrum 

One Spectrometer FT-IR spectrometer. Samples were analysed as CHCl3 solution 

between NaCl plates. 

 

 

N-tert-Butoxycarbonyltryptamine (28): The preparation of 28 was carried out 

according to the literature procedure described by Cole et al. (2007). All spectroscopic 

data matched those reported. 
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N10-Acetyl-N10ω-methyltryptamine (29): The preparation of indole 29 was carried out 

according to the literature procedure described by Aubrey et al. (2006) and Khalil, De 

Angelis and Cole (1998). All spectroscopic data matched those acquired previously. As 

described in Khalil, De Angelis and Cole (1998), cis- and trans-rotamers were observed 

in both the 1H and 13C NMR spectra about the N–C=O bond at a ratio of approximately 

55:45. 

 

 

1-Allyl N-tert-butoxycarbonyltryptamine (30): The preparation of indole 30 was 

carried out according to the literature procedure described by Austin et al. (2004). All 

spectroscopic data matched those acquired previously.  

 

 

1-Allyl N-acetyl-N10-methyltryptamine (31): NaH (0.163 g, 60% dispersion in mineral 

oil) was added portionwise to a solution of compound 29 in THF (15 mL) at 0 C. The 

mixture was stirred at 0 C for 30 min then allyl bromide (0.35 mL) was added and the 

mixture was warmed to ambient temperature. After stirring for 18 h, a saturated solution 

of NH4Cl (3 mL) was added dropwise to quench the mixture until the reaction mixture 

was basic, and then the solution was extracted with Et2O (3 x 30 mL). The organic extracts 

were combined and washed with brine, then dried (MgSO4), filtered and concentrated 
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under reduced pressure. The resulting crude oil was subjected to flash chromatography 

(EtOAc/hexanes 0-100%) to afford compound 31 (0.667 g, 98 %). Cis- and trans-

rotamers were observed in both the 1H and 13C NMR spectra about the N–C=O bond at a 

ratio of approximately 55:45 as determined by 1H NMR integration. 

1H NMR (400 MHz, CDCl3):  = 7.65/7.56 (d, J = 8.0 Hz, 1H; aryl), 7.30 (m, 1H; aryl), 

7.20 (m, 1H; aryl), 7.12 (q, J = 7.6 Hz, 1H; aryl), 6.96/6.89 (s, 1H; H2), 5.98 (m, 1H; 

H2'), 5.18/5.09 (m, 2H; H3'), 4.69 (m, 2H; H1'), 3.66/3.57 (t, J = 7.2 Hz, 2H; H8), 3.00 

(m, 2H; H9), 2.97/2.91 (s, 3H; CH3), 2.08/1.90 ppm (s, 3H; COCH3). 

13C NMR (400 MHz, CDCl3):  = 170.8/170.6, 136.6, 133.7/133.5, 128.3/127.8, 126.0/125.8, 

122.0/121.8, 119.4/119.1, 119.1/118.5, 117.5/117.2, 112.4/111.2, 110.0/109.7, 51.7, 48.9, 

48.8, 48.7, 36.9/33.5, 24.4/23.3, 22.2/21.3 ppm. 

HR-MS (EI+): m/z calcd for C16H20N2O: 256.1575; found: 256.1576 [M]˙+. 

 

 

2-Bromo indole (37): The preparation of 37 was carried out by following a similar 

procedure to that described by Stewart, Heath and Ghisalberti (2009). The indole 29 (229 

mg, 1.059 mmol) was dissolved in THF/CHCl3 (1:1, 18 mL) and cooled to 0 C. 

Pyridinium tribromide (412 mg, 1.29 mmol) was added portionwise over 45 min and the 

mixture was stirred at 0 C. After 45 min, a solution of Na2S2O3 (1 M, 5 mL) was added 

to the mixture at 0 C and the mixture changed from dark red to light orange-brown. A 

saturated solution of NaHCO3 (6 mL) was added dropwise to quench the mixture. Water 

(5 mL) and CH2Cl2 (10 mL) were added and the mixture was extracted with CH2Cl2 (3 x 

10 mL). The organic extracts were combined, dried (MgSO4), filtered and concentrated 

under reduced pressure (387 mg).  

The crude 2-bromo-indole (159 mg, 0.539 mmol) was dissolved in THF (HPLC grade, 

10 mL) and a portion of DMAP (10 mg) was added. Di-tert-butyl dicarbonate (131 mg, 

0.600 mmol) was then added and the mixture was heated to 40 C and stirred for 20 h. 

The reaction mixture was then cooled to RT and concentrated under reduced pressure. 
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The resulting crude oil was dissolved in CH2Cl2 (20 mL), then H2O (50 mL) was added 

and the mixture was extracted with CH2Cl2 (4 x 10 mL). The organic extracts were 

combined, washed with brine and concentrated under reduced pressure. The resulting oil 

was subjected to flash chromatography (10-15% EtOAc/CHCl3) to afford compound 37 

(0.170 g, 83% yield). 

1H NMR (400 MHz, CDCl3):  = 8.02 (dd, J = 7.5 Hz, 1H; aryl), 7.55 (d, J = 8.6 Hz, 1H; 

aryl), 7.37 (d, J = 8.6 Hz; aryl), 7.20 (m, 2H; aryl), 3.50/3.42 (t, J = 7.5/8.6 Hz, 2H; H8), 

2.91/2.80 (s, 3H; CH3), 2.90 (m, 2H; H9), 2.00 (s, 3H; COCH3), 1.62 ppm (s, 3H; Boc). 

 

 

Aldol compound (38): The 2-bromo indole 37 (182 mg) was dissolved in THF (3 mL) 

and cooled to -78 C. tert-Butyllithium (0.30 ml, 1.7 M in pentane) was added dropwise 

over 5 min at -78 C and a dark orange precipitate formed immediately. The mixture was 

stirred for 15 min then propionaldehyde (70 L) was added dropwise. The mixture was 

stirred for a further 30 min then warmed to 0 C. The reaction mixture was quenched with 

H2O (3 mL) then CH2Cl2 (4 mL) was added and the mixture was separated and washed 

with CH2Cl2 (3 x 3 mL). The organic extracts were combined, dried (MgSO4) and 

concentrated under reduced pressure. The resulting crude oil was subjected to flash 

chromatography (50% EtOAc/hexanes) to afford compound 38 (146 mg, 91% yield). 

1H NMR (400 MHz, CDCl3):  = 9.19 (br s, 1H; OH), 8.12 (br s), 7.65 (d, J = 8.0 Hz; 

aryl), 7.59 (m; aryl), 7.41 (m; aryl), 7.25 (m, aryl), 7.11 (t, J = 8.0 Hz; aryl), 4.19 (m), 

4.11 (m), 3.95/3.92 (d, J = 6.0 Hz), 3.73 (m), 3.69-3.49 (m), 2.98 (d, J = 8.0 Hz), 2.92 (d, 

J = 6.8 Hz), 2.33 (d, J = 7.6 Hz), 2.29 (s), 2.08 (s), 2.03 (d, J = 6.8 Hz), 1.98 (s), 1.69 (s), 

1.66 (s), 1.65 (s), 1.59 (s), 1.44 (s), 1.13 (t, J=7.2 Hz), 0.95 ppm (m). 
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1-tert-Butoxycarbonyl N-tert-butoxycarbonyltryptamine (39): NaH (60% in mineral 

oil, 0.320 g) was added portionwise to a solution of compound 28 (1.882 g) was dissolved 

in THF (70 mL) at 0 C. Boc2O (1.447 g) was added in two portions and the mixture was 

stirred for 24 h. A saturated solution of NH4Cl was added dropwise to quench the mixture 

until the reaction mixture was basic, and then the solution was extracted with EtOAc (3 

x 20 mL). The organic extracts were combined, dried (MgSO4), filtered and concentrated 

under reduced pressure. The resulting crude oil was subjected to flash chromatography 

(EtOAc/hexanes 0-50%) to afford compound 39 (0.264 g, 73% yield). 

1H NMR (400 MHz, CDCl3):   = 8.14 (br d, J = 7.2 Hz, 1H; aryl), 7.54 (d, J = 7.6 Hz, 

1H; aryl), 7.42 (s, 1H; aryl), 7.32 (td, J = 1.2, 8.4 Hz, 1H; aryl), 7.24 (td, J = 1.2, 8.0 Hz, 

1H; aryl), 4.73 (br s, 1H; NH), 3.45 (br t, J = 6.4 Hz, 2H; H8/9), 2.89 (br t, J = 6.8 Hz, 

2H; H8/9), 1.67 (s, 9H; Boc), 1.44 ppm (s, 9H; Boc). 

13C NMR (400 MHz, CDCl3):  = 156.0, 149.8, 135.6, 130.5, 124.5, 123.2, 122.5, 119.0, 

117.9, 115.3, 83.6, 79.3, 40.3, 28.5, 28.3, 25.7 ppm. 

HR-MS (EI+): m/z calcd for (C20H28N2O2): 360.2049; found: 360.2050 [M]˙+. 

 

 

1-tert-Butoxycarbonyl N-acetyl-N10-methyltryptamine (41): A solution of compound 

29 in THF (3.5 mL) was cooled to -78 C, and tert-butyllithium (1 M in pentane, 0.40 

mL, 2 equiv, 0.680 mol) was added dropwise. The solution immediately turned dark 

yellow and was stirred for 30 min at -78 C. Water (14 µL) was added dropwise at -78 

C then the solution was warmed to 0 C for a further 1 h. H2O (1 mL) and CH2Cl2 (4 

mL) were added to the reaction and the mixture was extracted and washed with CH2Cl2 

(6 x 3 mL). The organic extracts were combined, dried (MgSO4), filtered and 
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concentrated under reduced pressure. The resulting crude oil was subjected to flash 

chromatography (EtOAc/hexanes 0-50%) to afford compound 41 (22 mg, 33% yield). 

Cis- and trans-rotamers were observed in both the 1H and 13C NMR spectra about the N–

C=O bond at a ratio of approximately 55:45 as determined by 1H NMR integration. 

1H NMR (400 MHz, CDCl3):  = 7.66/7.57 (d, J = 8.0 Hz, 1H; aryl), 7.37 (t, J = 8.4 Hz, 

1H; aryl), 7.20/7.13 (q, J = 8.0 Hz, 2H; aryl), 7.05/6.98 (s, 1H; H2), 3.70/3.57 (t,  

J = 7.6 Hz, 2H; 3.03 (t, J = 8.4 Hz, 2H; H9), 3.01/2.93 (s, 3H; CH3), 1.49/1.44 (s, 9H; 

Boc), 1.26 ppm (s, 3H; OCH3). 

13C NMR (400 MHz, CDCl3):  = 167.2/167.0, 166.8/166.6, 136.5/136.4, 127.6/127.0, 

122.5/122.4, 122.2/122.1, 119.8/119.5, 118.8/118.3, 113.1/111.9, 111.6/111.3, 82.0/81.9, 

51.2/49.2, 43.2/42.1, 36.7/33.7, 28.1, 24.4/23.2 ppm. 

HR-MS (ES+): m/z calcd for (C18H25N2O3): 317.1865; found: 317.1871 [M+H]+
. 

 

 

tert-Butyl-2-(1-(4-methoxybenzyl)-1H-indol-3-yl)ethylcarbamate (43): The 

preparation of 43 was carried out according to the literature procedure described by Jones, 

Simmons and MacMillan (2009). All spectroscopic data matched those acquired 

previously. 

 

 

tert-Butyl 2-(2-formyl-1-(4-methoxybenzyl)-1H-indol-3-yl)ethylcarbamate (44): The 

preparation of 44 was carried out according to the literature procedure described by Jones, 



 

 96 

Simmons and MacMillan (2009). All spectroscopic data matched those acquired 

previously. 

 

 

Homoallylic alcohol (45): The aldehyde 44 (135 mg) was dissolved in THF (5 mL) and 

cooled to 0 C. Allylmagnesium chloride (0.6 ml) was added dropwise to the solution 

over 5 min and a yellow precipitate was formed. The mixture was stirred for 90 min at 0 

C then heated to 60 C and stirred for a further 100 min. The mixture was then cooled to 

room temperature. The reaction mixture was quenched with a saturated solution of NH4Cl 

(5 mL) then H2O (5 mL) was added and the mixture was extracted with Et2O (3 x 10 mL). 

The organic extracts were combined, washed with brine and concentrated under reduced 

pressure. The resulting crude oil was subjected to flash chromatography (5% 

EtOAc/CHCl3) to afford compound 45 (81 mg, 54% yield). 

1H NMR (400 MHz, CDCl3):  = 7.57 (d, 1H; aryl), 7.14 (s, 1H; aryl), 7.10 (m, 2H; aryl), 

6.92 (d, J = 7.8 Hz, 2H; H3''), 6.78 (d, J = 8.6 Hz, 2H; H4''), 5.52 (br m, 1H; H3'), 5.37 

(d, J=13.6 Hz, 1H; H1''), 5.04 (s, 1H; H1'), 5.02 (t, J = 7.9 Hz, 2H; H4'), 4.74 (br s, 1H; 

NH), 3.74 (s, 3H; OCH3), 3.50/3.35 (br d, 2H; H8), 3.03 (br s, 2H; H9), 2.61/2.42 (m, 

2H; H2'), 1.34 ppm (s, 3H; Boc). 

13C NMR (400 MHz, CDCl3):  = 158.8, 156.3, 137.5, 134.5, 130.4, 127.2, 122.3, 119.5, 

118.8, 118.3, 114.2, 110.1, 79.4, 67.1, 55.4, 47.2, 41.4, 29.8, 28.4, 25.0 ppm. 

HR-MS (EI+): m/z calcd for (C27H34N2O4): 450.2519; found: 450.2521 [M]+. 
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Methyl homoallylic alcohol (46): The aldehyde 44 (469 mg) was dissolved in THF (20 

mL) and cooled to 0 C. 2-Methylallylmagnesium chloride (5.8 ml, 0.6 M) was added 

dropwise over 10 min and the mixture was stirred at 0 C for 30 min. The mixture was 

then warmed to RT and stirred for 4 h. The mixture was cooled to 0 C and a saturated 

solution of NH4Cl (10 mL) was added dropwise to quench the reaction, followed by H2O 

(10 mL). The mixture was basified (Na2CO3) before extracting with Et2O (3 x 30 mL). 

The organic extracts were combined, dried (MgSO4) and concentrated under reduced 

pressure. The resulting crude oil was subjected to flash chromatography (15% 

EtOAc/hexanes) to afford compound 46 (120 mg, 22% yield). 

1H NMR (400 MHz, CDCl3):  = 7.59 (d, J = 7.2 Hz, 1H; aryl), 7.14 (m, 3H; aryl), 6.94 

(d, J = 8.8 Hz, 2H; H3''), 6.79 (dd, J = 2.0, 6.8 Hz, 2H; H4''), 5.62/5.39 (d, J = 17.2 Hz, 

2H; H1''), 5.17 (m, 1H; H1'), 4.85 (br s, 1H, NH), 4.83/4.75 (s, 2H; H4'), 3.75 (s, 3H; 

OCH3), 3.50/3.37 (m, 2H; H9), 3.05 (br m, 2H; H8), 2.59/2.27 (m, 2H; H2'), 1.69 (s, 3H; 

CH3), 1.36 ppm (s, 9H; Boc). 

13C NMR (400 MHz, CDCl3):  = 158.8, 142.2, 137.4, 130.4, 127.2, 122.2, 119.5, 118.8, 

114.2, 114.1, 109.9, 79.2, 65.3, 55.3, 47.2, 45.6, 41.4, 29.8, 28.4, 24.9, 22.3 ppm. 

HR-MS (EI+): m/z calcd for (C28H36N2O4): 464.2675; found: 464.2669 [M]˙+. 

 

 

Homoallylic ketone (51): The alcohol 45 (104 mg) was dissolved in dichloromethane 

(10 mL) at RT and a portion of Dess-Martin periodinane (DMP; 131 mg) was added. The 

reaction mixture was stirred at RT for 3.5 h then a 1:1 mixture of NaHCO3 (sat.)/Na2S2O3 
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(0.5 M) was added. The mixture was stirred until all solids had dissolved, then the mixture 

was extracted with dichloromethane (3 x 10 mL). The combined organic extracts were 

combined and concentrated under reduced pressure to a reduced volume, then filtered 

through a plug of silica to remove any remaining DMP. The solution was then 

concentrated under reduced pressure to afford compound 51 (79 mg, 76% yield). 

1H NMR (400 MHz, CDCl3): ):  = 7.72 (d, J = 8.0 Hz, 1H; aryl), 7.33 (m, 1H; aryl), 7.16 

(m, 1H; aryl), 6.94 (d, J = 8.8 Hz, 2H; H3''), 7.75 (d, J = 8.8 Hz, 2H; H4''), 5.92 (m, 1H; 

H3'), 5.54 (s, 2H; H1''), 5.13 (m, 2H; H4'), 4.74 (br s, 1H; NH), 3.74 (s, 3H; OCH3), 3.66 

(d, J = 6.4 Hz, 2H; H2'), 3.43 (t, J = 6.4 Hz, 2H; H9), 3.27 (t, J = 6.8 Hz, 2H; H8), 1.44 

ppm (s, 9H; Boc). 

13C NMR (400 MHz, CDCl3):  =  194.1, 158.8, 156.0, 139.1, 134.1, 130.9, 130.4, 127.8, 

127.1, 126.1, 121.0, 120.7, 120.2, 118.8, 114.0, 110.9, 79.4, 55.3, 47.9, 47.4, 41.8, 29.8, 

28.5, 26.5 ppm. 

HR-MS (ES+): m/z calcd for (C27H33N2O4): 449.2440; found: 449.2431 [M+H]+. 

 

 

tert-Butyl 2-(2-formyl-1-allyl-1H-indol-3-yl)ethylcarbamate (53): The indole 30 (437 

mg) was dissolved in dimethoxyethane at RT and the solution was cooled to -78 C. 

nBuLi (2.9 mL) was added dropwise and the mixture was stirred for 1 h. DMF (0.65 mL) 

was added dropwise and the mixture was stirred at -78 C for a further 1 h. The mixture 

was warmed to RT and quenched with a saturated solution of NH4Cl (5 mL). NaHCO3 

(10 mL) was added and the mixture was extracted with EtOAc (3 x 10 mL). The organic 

extracts were combined and dried (MgSO4), then concentrated under reduced pressure to 

a reduced volume. The crude product was fused to silica with NEt3 (2%) then subjected 

to flash column chromatography (5% EtOAc/hexanes) to afford compound 53 (142 mg, 

30% yield). 

1H NMR (400 MHz, CDCl3):  = 10.07 (s, 1H; C=O), 7.77 (d, J = 8.0 Hz, 1H; aryl), 7.54 

(d, J = 8.0 Hz, 1H; aryl), 7.42 (t, J = 7.2 Hz, 1H; aryl), 7.20 (m, 1H; aryl), 6.88 (m, 1H; 
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H1''), 6.75 (m, 1H; H1''), 5.94 (t, J = 7.2 Hz, 1H; H2'') 4.76 (br s, 1H; NH), 3.46 (m, 2H; 

H8), 3.34 (m, 2H; H9), 2.81 (m, 2H; H3''), 1.53 (s, 1H; H1'), 1.43 ppm (s, 9H; Boc). 

HR-MS (ES+): m/z calcd for C19H25N2O3: 329.1865 / C19H24N2NaO3: 351.1685; found: 

329.1853 [M+H]+ and 351.1679 [M+Na]+. 

 

 

tert-Butyl 2-(2-vinyl-1-allyl-1H-indol-3-yl)ethylcarbamate (54): 

Methyltriphenylphosphonium bromide (67 mg, 0.164 mmol) was suspended in dry THF 

(2 mL) in a flame-dried two-necked flask (25 mL). NaHMDS (1 M, 0.20 mL) was added 

dropwise at RT and the mixture was stirred for 1 h. Aldehyde 53 (67 mg, 0.16 mmol) in 

dry THF (1 mL) was added dropwise to the solution over 5 min at RT. The mixture was 

stirred for 2 h then fused to silica and purified by flash column chromatography (5% 

EtOAc/hexanes) to give the pure product 54 (40 mg, 60% yield). 

1H NMR (400 MHz, CDCl3):  = 7.61 (m, 1H; aryl), 7.23 (m, 2H; aryl), 7.14 (m, 1H; 

aryl), 6.75 (m, 1H; H1''), 5.97 (m, 1H; H2''), 5.75/5.67 (d, J = 17.6 Hz, 1H; H2'), 5.50/5.38 

(d, J = 17.6 Hz, 1H; H2'), 5.17/4.92 (m, 1H; H3''), 4.76 (m, 1H; H1'), 4.61 (br s, 1H; NH), 

3.43 (m, 2H; H8), 3.06 (m, 1H; H9), 1.44 ppm (s, 9H; Boc). 

13C NMR (400 MHz, CDCl3):  = 156.1, 137.1/136.7, 135.0/134.3, 133.6, 126.8/126.1, 

125.8/125.4, 122.8/122.5, 120.0/119.6, 119.0/118.7, 116.7/116.5, 110.8, 109.6, 79.2, 

46.3, 41.7/41.2, 29.8, 28.6, 25.5/25.3, 13.3 ppm. 
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tert-Butyl 2-(2-vinyl-1-(4-methoxybenzyl)-1H-indol-3-yl)ethylcarbamate (55): 

Methyltriphenylphosphonium bromide (76 mg, 0.21 mmol) was suspended in dry THF 

(2 mL) in a flame-dried two-necked flask (25 mL). NaHMDS (1 M, 0.20 mL) was added 

dropwise at room temperature and the ensuing mixture was stirred for 1 h. Aldehyde 44 

(67 mg, 0.16 mmol) in dry THF (1 mL) was then added dropwise to the solution over 5 

min. The reaction was monitored by using TLC and was deemed complete after 10 

minutes. The mixture was then adsorbed on silica and purified by flash column 

chromatography (5% EtOAc/hexanes) to give compound 55 (40 mg, 60% yield). 

1H NMR (400 MHz, CDCl3):  = 7.64 (d, J =10.4 Hz, 1H; aryl), 7.23 (m, 1H; aryl), 7.13 

(m, 1H; aryl), 6.97 (d, J =10.5 Hz, 2H; H3''), 6.81 (d, J =12.0 Hz, 2H; H4''), 6.73, (dd, J 

= 18.0, 12.0 Hz, 1H; H1'), 5.56 (d, J = 18.0 Hz, 1H; H2'), 5.45 (d, J =12.9 Hz, 1H; H2'), 

5.33 (s, 1H; H1''), 4.67 (br s, 1H; NH), 3.76 (s, 3H; OCH3), 3.43 (m, 2H; H8), 3.09 (t, J 

= 7.2 Hz, 2H; H9), 1.46 ppm (s, 9H; Boc). 

HR-MS (ES+): m/z calcd for (C25H30N2O3): 407.5173 / (C25H30N2NaO3): 429.2154; 

found: 407.2335 [M+H]+ and 429.2116 [M+Na]+. 
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Ruthenium-catalysed cross-metathesis reactions 

General procedure for the synthesis of bis-indole compounds: The starting indole (0.8 

mmol) or indoles (0.4 mmol, 1:1 equiv) were dissolved in dichloromethane (1 mL). A 

portion of the catalyst (0.1 equiv) was added and the reaction mixture was heated to 

reflux. The mixture was heated at reflux for 24 h then cooled and filtered through a plug 

of silica. The resulting material was subjected to flash column chromatography to give 

the bis-indole product.  

 

 

bis-Indole 33: According to the general metathesis reaction, bis-indole 33 was obtained 

in 74% yield (159 mg) as slightly yellow oil by using the Grubbs catalyst (32) to catalyse 

the reaction of starting indole 28. The crude mixture was purified by column 

chromatography (10-30% EtOAc/hexanes). 

1H NMR (400 MHz, CDCl3):  = 7.61 (d, J = 8.0 Hz, 4H; aryl), 7.23 (m, 4H; aryl), 7.13 

(td, J = 7.6, 1.2 Hz, 2H; aryl), 6.89 (s, 2H; H2), 5.68 (br s, 2H; H2''), 4.69 (d, J = 3.8 Hz, 

4H; H1''), 4.64 (br, 2H; NH), 3.45 (br d, J = 6.0 Hz, 4H; H8), 2.94 (br t, J = 7.2 Hz, 4H; 

H9), 1.46 ppm (s, 18H; Boc). 

13C NMR (400 MHz, CDCl3):  = 156.1, 136.5, 128.4, 128.2, 125.7, 121.9, 119.2, 112.4, 

109.7, 79.2, 60.5, 47.4, 41.1, 29.8, 28.5, 25.9, 21.1, 14.3 ppm. 

MS (EI+): m/z calcd for (C34H44N4O4): 572.3362; found: 572.3389 [M]˙+. 

IR (CHCl3): 3325 (NH), 1698 (NCOO), 1171 cm-1 (NCOO). 
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bis-Indole 35: According to the general metathesis procedure, bis-indole 35 was obtained 

in 77% yield (218 mg) as slightly yellow oil by using the Grubbs catalyst (32) to catalyse 

the reaction of starting indole 29. The crude mixture was purified by column 

chromatography (5% MeOH/EtOAc). The 1H NMR spectrum suggests a rotation of the 

dimer around the allyl C3'-C4' bond, hence two signals have been reported for each indole 

proton. The starting indole 29 was also recovered (67 mg); when this is taken into 

account, a yield of 99% (brsm) was achieved. 

1H NMR (400 MHz, CDCl3):  = 7.64 (d, J = 8.0, 1H; aryl), 7.54 (d, J = 7.6 Hz, 1H; aryl), 

7.23 (d, J = 8.8 Hz, 1H; aryl), 7.19 (d, J = 6.8 Hz, 1H; aryl), 7.12 (q, J = 6.8 Hz, 1H; aryl), 

6.88 (d, J = 7.6 Hz, 1H; H2), 6.83 (d, J = 4.4 Hz, 1H; H2), 5.62 (s, 2H; H2'), 4.63 (s, 4H; 

H1'), 3.63 (t, J = 8.4 Hz, 2H; H8), 3.54 (t, J = 7.2 Hz, 4H; H8), 2.97 (t, J = 8.8 Hz, 4H; 

H9), 2.96 (d, J = 1.6 Hz, 3H; CH3), 2.88 (d, J = 7.2 Hz, 3H; CH3), 2.05 (d, J = 2.8 Hz, 

3H; COCH3), 1.86 ppm (d, J = 8.4 Hz, 3H; COCH3).  

13C NMR (400 MHz, CDCl3):  = 170.6, 170.5, 136.3/136.2, 128.4, 128.2, 127.9, 127.7, 

125.9, 125.8, 125.6/125.5, 121.9, 121.7, 119.3, 119.0, 118.9, 118.4, 112.3, 111.1, 109.8, 

109.5, 51.4 (C8), 48.7 (C8), 47.2 (C1'), 36.7 (CH3), 33.3 (CH3), 29.3, 24.1 (C9), 23.1 

(C9), 21.9 (CO), 21.0 ppm (CO). 

MS (EI+): m/z calcd for (C30H36N4O2): 484.2838; found: 484.2849 [M]˙+. 

IR (neat): 3434 (NH), 1630 cm-1 (C=O). 
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bis-Indole 36: According to the general metathesis procedure, bis-indole 36 was obtained 

in 31% yield (159 mg) as a slightly yellow oil by using the Grubbs catalyst (32) to catalyse 

the reaction between 29 (248 mg, 0.97 mmol) and 28 (280 mg, 0.96 mmol). The crude 

mixture was purified by column chromatography (80% EtOAc/hexanes - 5% 

MeOH/EtOAc). The starting indole 29 (118 mg) was also recovered; when this is taken 

into account, a yield of 59% (brsm) was achieved. 

1H NMR (400 MHz, CDCl3):  = 7.68/7.59 (d, J = 8.4 Hz, 1H; aryl (A)), 7.63 (d, J = 7.2 

Hz, 1H; aryl (B)), 7.25 (m, 6H; aryl (A&B)), 6.92 (s, 1H; H2 (B)), 6.90/6.85 (s, 1H; H2 

(A)), 5.68 (br s, 2H; H2''), 4.79 (br s, 1H; NH), 4.67 (br s, 2H; H1''), 3.68/3.57 (t, J = 9.0 

Hz, 2H; H8 (A)), 3.47 (br, 2H; H8 (B)), 3.01 (m, 4H; H8 (A&B)), 3.00/2.90 (s, 3H; CH3 

(A)), 2.08/1.88 (s, 3H; COCH3 (A)), 1.49 ppm (s, 3H; Boc (B)).  

13C NMR (400 MHz, CDCl3):  = 170.7, 170.5, 156.0, 136.4, 136.3, 128.4, 128.2, 128.1, 

125.9, 125.6, 122.0, 121.8, 119.4, 119.1, 119.0, 118.5, 112.4, 111.2, 109.8, 109.6, 79.1, 

58.2, 51.4, 48.8, 47.3, 36.8, 33.4, 28.5, 25.8, 24.1, 23.2, 22.0, 21.1, 8.2 ppm. 

HR-MS (EI+): m/z calcd for C32H40N4O3: 528.3100; found: 528.3124 [M]˙+. 

IR (CHCl3): 2973 (NH), 1689 (NCOO), 1613 (C=O), 1466, 1250, 1166 cm-1 (NCOO). 
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bis-Indole 47: According to the general metathesis procedure, bis-indole 47 was obtained 

in 29% yield (23 mg) as a slightly yellow oil by using the Hoveyda-Grubbs catalyst (34) 

to catalyse the reaction between 45 (52 mg, 0.115 mmol) and 29 (35 mg, 0.117 mmol). 

The crude mixture was purified by column chromatography (0-80% EtOAc/hexanes). 

The starting indole 29 (29 mg) was also recovered; when this is taken into account, a yield 

of 66% (brsm) was achieved. 

1H NMR (400 MHz, CDCl3):  = 7.56 (m; aryl), 7.13 (m; aryl), 6.83 (m, 2H; PMB aryl 

(A)), 6.75 (s; H2 (B)), 6.67 (m, 2H; PMB aryl (A)), 5.58 (br, 1H; H3' (A)), 5.30 (dd, J = 

5.7 Hz, 2H; PMB CH2 (A)), 4.83 (br; NH (A)), 4.54 (m, 1H; H1' (A)), 3.70/3.68 (s, 3H; 

OCH3 (A)), 3.67/3.50 (t, J = 7.8 Hz, 2H; H8 (B)), 3.47/3.33 (br, 2H; H8 (B)), 2.94 (m, 

4H; H9 (A&B)), 2.94/2.78 (s, 3H; CH3 (B)), 2.59/2.34 (br, 1H; H4'), 2.05/1.70 (s, 3H; 

COCH3 (B)), 1.31 ppm (br s, 9H; Boc (A)). 

HR-MS (ES+): m/z calcd for C41H51N4O5: 679.3859 / (C41H50N4NaO5): 701.3679; found: 

679.3882 [M+H]+ and 701.3704 [M+Na]+. 

IR (CHCl3): 3329, 2922, 1692 (C=O), 1613, 1511, 1465, 1244, 1171, 1033 cm-1. 
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bis-Indole 49: According to the general metathesis procedure, bis-indole 49 was obtained 

in 12% yield (25 mg) as a slightly yellow oil by using the Hoveyda-Grubbs catalyst (34) 

to catalyse the reaction between 45 (128 mg, 0.284 mmol) and 28 (84 mg, 0.280 mmol). 

Column chromatography (0-25% EtOAc/hexanes). The starting indoles 45 and 28 were 

also recovered. 

1H NMR (400 MHz, CDCl3):  = 7.57 (m; aryl), 7.12 (m; aryl), 6.81 (d, J = 9.0 Hz, 2H; 

PMB aryl (A)), 6.75 (s, 1H; H2 (B)), 6.62 (d, J = 8.4 Hz, 2H; PMB aryl (A)), 5.60 (br d, 

J = 17.4 Hz, 1H; H3' (A)), 5.44 (br s, 1H; OH (A)), 5.28 (d, J = 16.2 Hz, 2H; PMB CH2 

(A), 5.05 (br, 2H; H1' (A)), 4.74 (br, 1H; NH), 4.60 (br, 1H; NH), 4.52 (s, 2H; H1' (B)), 

3.64 (s, 3H; OCH3 (A)), 3.48/3.34 (br, 4H; H8 (A&B)), 2.97/2.83 (t, J = 7.9 Hz, 4H; H9 

(A&B)), 2.60/2.49 (br, 1H; H4'), 1.43 (s, 9H; Boc (B)), 1.30 ppm (s, 9H; Boc (A)). 

13C NMR (400 MHz, CDCl3):  = 158.7, 156.11, 156.09, 137.5, 136.5, 130.3, 129.3, 

128.8, 128.2, 128.0, 127.1, 125.6, 122.3, 121.8, 119.6, 119.1, 118.8, 114.3, 114.1, 112.1, 

110.1, 109.6, 79.2, 67.1, 55.3, 47.9, 47.1, 41.4, 41.2, 39.5, 29.8, 28.6, 28.3, 25.8, 24.9 

ppm.  

HR-MS (FAB+): m/z calcd for C43H54N4O6: 722.4044; found: 722.3992 [M]. 

IR (CHCl3): 3019 (OH), 1215 (C-O-C). 
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Dimer 50: According to the general metathesis procedure, bis-indole 50 was obtained in 

14% yield (43 mg) as a slightly yellow oil by using the Hoveyda-Grubbs catalyst (34) to 

catalyse the reaction of 45. The crude mixture was purified by column chromatography 

(0-35% EtOAc/hexanes).  

1H NMR (400 MHz, CDCl3):  = 7.57 (d, J = 6.7 Hz, 2H; aryl), 7.11 (s, 6H; aryl), 6.88 

(d, J = 8.4 Hz, 4H; PMB aryl), 6.74 (d, J = 8.4 Hz, 4H; PMB aryl), 5.60 (d, J = 15.7 Hz, 

2H; H3'), 5.38 (br s, 2H; OH), 4.99 (br s, 2H; H1'), 5.32 (br s, 2H; NH), 3.22 (s, 6H; 

OCH3), 3.43/3.31 (br m, 4H; H8), 2.95 (br s, 4H; H9), 2.48/2.30 (br m, 4H; H2'), 1.31 

ppm (s, 18H; Boc). 

13C NMR (400 MHz, CDCl3):  = 158.6, 156.3, 137.5, 130.3, 129.4, 128.2, 127.0, 122.2, 

119.5, 118.8, 114.1, 110.0, 79.4, 67.2, 66.9, 60.5, 55.2, 47.1, 41.3, 40.1, 31.1, 29.8, 28.4, 

24.6, 14.3 ppm.  

HR-MS (ES+): m/z calcd for C52H64N4NaO8: 895.4622; found: 895.4616 [M+Na]+. 

IR (CHCl3): 3357, 2973, 2930, 1684, 1512, 1250, 1171, 1036, 740 cm-1. 
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Hydrogenation 

 

Alkane dimer 58: The bis-indole 33 (0.094g) was dissolved in THF (5 mL) and a portion 

of Pd/C (24 mg, 0.1 equiv) was added. The flask was placed under a H2 atmosphere then 

evacuated and back-filled with H2 five times. The mixture was left to stir under H2(g) for 

24 h then filtered through a plug of Celite (EtOAc) and concentrated under reduced 

pressure. The resulting crude oil was subjected to flash chromatography (20% 

EtOAc/hexanes) to afford compound 58 (0.080 mg, 85% yield). 

1H NMR (400 MHz, CDCl3):  = 7.59 (d, J = 8.6 Hz, 2H; aryl), 7.31 (d, J = 9.4 Hz, 2H; 

aryl), 7.21 (m, 2H; aryl), 7.10 (m, 2H; aryl), 6.85 (s, 2H; H2), 4.59 (br s, 2H; NH), 4.02 

(t, J = 7.2 Hz, 4H; H1''), 3.44 (br m, 4H; H8), 2.94 (br m, 4H; H9), 1.85 (q, J = 8.6 Hz, 

4H; H2''), 1.42 ppm (s, 18H; Boc). 

13C NMR (400 MHz, CDCl3):  = 156.1, 136.5, 128.0, 126.1, 121.6, 119.1, 118.9, 111.6, 

109.6, 79.2, 48.0, 41.1, 29.8, 28.6, 25.9, 23.7, 11.7 ppm. 

HR-MS (ES+): m/z calcd for C34H46N4NaO4: 597.3417; found: 597.3420 [M+Na]+. 
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Alkane dimer 59: The bis-indole 35 0.120 g) was dissolved in THF (5 mL) and a portion 

of Pd/C (24 mg, 0.1 equiv) was added. The flask was placed under a H2 atmosphere then 

evacuated and back-filled with H2 five times. The mixture was left to stir under H2 for 24 

h then filtered through a plug of Celite (MeOH (2%) in EtOAc) and concentrated under 

reduced pressure. The resulting crude oil was subjected to flash chromatography (0-3% 

MeOH/EtOAc) to afford compound 59 (0.090 mg, 88% yield). 

1H NMR (400 MHz, CDCl3):  = 7.64 (br d, J = 6.8 Hz, 1H; aryl), 7.54 (dd, J = 3.2, 7.6 

Hz, 1H; aryl), 7.22 (m, 4H; aryl), 7.11 (m, 2H; aryl), 6.87 (d, J = 13.6 Hz, 1H; H2), 6.78 

(d, J = 16.0 Hz, 1H; H2), 4.01 (br m, 4H; H2''), 3.63 (td, J = 2.4, 7.6 Hz, 2H; H8), 3.53 

(td, J = 2.8, 6.8 Hz, 2H; H8), 2.96 (m, 7H; CH3, H9), 2.88 (d, J = 6.4 Hz, 3H; CH3), 2.04 

(d, J = 2.4 Hz, 3H; COCH3), 1.84 ppm (d, J = 8.0 Hz, 3H; COCH3).  

13C NMR (400 MHz, CDCl3):  = 170.7, 170.5, 136.3, 136.2, 128.1, 125.9, 125.8, 125.6, 

125.5, 121.9, 121.6, 119.2, 119.1, 118.9, 118.5, 112.1, 110.9, 109.6, 109.3, 58.1, 51.5, 

48.7, 45.7, 36.7, 33.4, 27.8, 24.1, 23.1, 22.0, 21.2, 8.2 ppm. 

MS (EI+): m/z calcd for C30H38N4O2: 486.2995; found: 486.3037 [M]˙+. 
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Alkane bis-indole 60 : The bis-indole 36 (0.061 g) was dissolved in THF (5 mL) and a 

portion of Pd/C (18 mg, 0.1 equiv) was added. The flask was placed under a H2 

atmosphere then evacuated and back-filled with H2 five times. The mixture was left to 

stir under H2 for 24 h then filtered through a plug of Celite (EtOAc) and concentrated 

under reduced pressure. The resulting crude oil was subjected to flash chromatography 

(75% EtOAc/hexanes) to afford compound 60 (0.054 mg, 88% yield). 

1H NMR (400 MHz, CDCl3):  = 7.69/7.60 (d, J = 8.2 Hz, 2H; aryl (A)), 7.64 (d, J = 8.0 

Hz, 1H; aryl (B)), 7.23 (m, 4H; aryl (A&B)), 6.90 (s, 1H; H2 (B)), 6.86/6.81 (s, 1H; H2 

(A)), 5.32 (s, 2H; H2''), 4.75 (br s, 1H; NH), 4.06 (br s, 2H; H1''), 3.68/3.58 (t, J = 9.0 Hz, 

2H; H8 (A)), 3.47 (br, 2H; H8 (B)), 3.01/2.93 (s, 3H; CH3 (A)), 2.96 (m, 4H; H8 (A&B)),  

2.08/1.88 (s, 3H; COCH3 (A)), 1.48 ppm (s, 3H; Boc (B)). 

13C NMR (400 MHz, CDCl3):  = 156.1, 136.5, 128.0,121.6, 119.1, 118.9, 111.6, 109.6, 

79.2, 48.0, 41.1, 29.8, 28.6, 25.8, 23.7, 11.7 ppm. 

HR-MS (ES+): m/z calcd for C32H42N4NaO3: 553.3155; found: 553.3167 [M+Na]+. 

IR (CHCl3): 3326 (br), 2927, 1699, 1630, 1468, 1395, 1363, 1247, 1164 cm-1. 
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 Antimalarial assays 

Laboratory-adapted P. falciparum strains 3D7 (CQ sensitive) and W2mef (CQ resistant) 

were maintained in continuous culture at 5% haematocritin RPMI medium supplemented 

with 10% human plasma, L-glutamine (92.6 mg/L), gentamicin (500 µg/L) and 

hypoxanthine (50 mg/L), all obtained from Sigma-Aldrich, St. Louis, MO. Cultures were 

maintained in a microaerophilic atmosphere (5% O2, 5% CO2, 90% N2; BOC Gas, Perth, 

Australia) with daily changes of culture medium. Synchronicity of the intraerythrocytic 

parasite stages (>90% rings) were achieved by sorbitol lysis (5% sorbitol solution at 37 

ºC for 10 min; Lambros & Vanderberg, 1979).  

Stock solutions (~0.25 mM) of the bis-indole test compounds (33, 35, 36 and 39) were 

prepared in dimethyl sulfoxide (DMSO). Stock solutions were serially diluted in 

complete RPMI medium with a maximum assay concentration of 80 µM; the final DMSO 

concentration did not exceed 0.5% in the test wells. Aliquots of the test compounds were 

added in triplicate to the parasite suspension (2500 µM); standardised to 0.5% 

parasitaemia and 3% hematocrit) with the addition of 3H-hypoxanthine (0.5 µCi per well) 

in 96-well assay plates with a final volume of 200 µL per well. Chloroquine and drug-

free controls were also included (800-1600 nM).  

The assay plates were incubated at 37 °C for 48 h, after which parasite growth response 

was assessed by a reference isotopic 3H-hypoxanthine-incorporation assay (Desjardins et 

al., 1979). The assay plates were briefly subjected to three-cycles of freeze-thawing and 

were harvested onto a 96-well glass-fibre filtermat (Perkin Elmer) by using a Harvester 

96 (Tomtec Incorporated, USA). The filtermat was air-dried and sealed in a plastic 

envelope with beta scintillant (4 mL; Perkin Elmer) then counted on a Wallac Microbeta 

liquid scintillation counter (1450 Microbeta Plus). The IC50 concentration for each of the 

tested compounds was determined by nonlinear regression analysis of results (Graphpad 

Prism 4.0). 
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4 Science Communication Methods 

This chapter focusses on the social science methods used to explore public understanding 

of the pharmaceutical drug development process and public and expert attitudes toward 

that process. Quantitative and qualitative data were collected from a range of sources, 

including the public and experts in the scientific field. 

In this investigation, not only is the public view important for studies of the social 

representation of a subject, but my role as researcher, inherently involved in drawing 

conclusions from the research data, is also important. My chemistry background affords 

me an insider status to the scientific context and research process that is explored. The 

chemistry research presented in Chapter 3 serves to highlight my membership of the 

scientific cultural group and my familiarity with that research process. Drawing on my 

training and experience as a medicinal chemist, I undertook this science communication 

research with insider knowledge of the processes of medicinal chemistry research and 

drug development, and of the scientists conducting this research. Attempts were made to 

make use of the benefits of insider knowledge while maintaining as neutral a view as 

possible towards public attitudes. 

 

4.1 Research design and methodology 

A mixed methods approach was used for this study. In a mixed-methods study, 

quantitative and qualitative research methods are combined to provide greater insight into 

a research question than could be provided using one method alone (Tashakkorri & 

Teddlie, 2003; Creswell, 2009). This approach draws on the strengths of multiple 

methods whilst compensating for their weaknesses, and offers the possibility of 

reinforcing the interpretation of results by detecting potential differences or similarities 

in responses obtained via the different methods (Kolka, 2012). In this investigation, 

survey data is combined with interview data; generalisations from survey data were used 

to guide the interviews to gather more detailed responses (Cresswell, 2009).  

Attitudes toward drug development were investigated amongst two groups in this project: 

research scientists working in areas related to pharmaceutical development (experts) and 

consumers of the products of this process (the general public). These two stakeholder 

groups are located at different points on the drug development spectrum, with experts 

undertaking research that initiates the development process and the public as potential 
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consumers of a drug product. My background as a medicinal chemist and the over-arching 

focus of this thesis on the process of drug discovery guided the definition of experts that 

has been used throughout this thesis. In the context of this thesis, I use the term ‘experts’ 

to refer to individuals who have studied or trained in areas related to drug development 

and whose work could be classified as involving medicinal chemistry, drug discovery or 

drug development.  

Both quantitative and qualitative data were collected from experts and the public. A 

survey of the public (Survey 1) and a series of interviews with expert chemists working 

in this field were carried out in the first data collection phase. To better compare the 

attitudes of experts and the public, a second quantitative data collection phase was 

implemented to survey a larger number of experts. The questions in this Survey 2 were 

consistent with those in Survey 1 and built on some of the results of the earlier qualitative 

interviews with medicinal chemists in order to gather additional data. The use of both 

surveys and individual interviews to collect data allowed for the exploration of an 

overview of experts’ attitudes as well as a description of their views in greater depth. The 

comparison between different types of data offers the possibility of greater confidence in 

interpretation by detecting the potential absence or presence of similar findings (Kolka, 

2012). The survey methods are described in Section 4.3 and the interview methods are 

described in Section 4.4. 

Ethics approval for this research was obtained from the University of Western Australia 

Human Research Ethics Committee in May 2011 (RA/4/1/4786), prior to the 

commencement of data collection. All participation in the surveys or interviews was 

voluntary, and any personal information and identifying information has been kept secure 

and confidential (see Appendix A). 

 

4.2 Insider research 

Evered and Louis (1981) described two paradigms for inquiry as "inquiry from the 

outside" and "inquiry from the inside". 

"Inquiry from the inside" is characterized by the experiential involvement 

of the researcher, the absence of a priori analytical categories, and an intent 

to understand a particular situation. "Inquiry from the outside" calls for 

detachment on the part of the researcher, who typically gathers data 

according to a priori analytical categories and aims to uncover knowledge 

that can be generalized to many situations. (Evered & Louis, 1981: 385) 



 

 119 

Insiders are assumed to share knowledge, values, or beliefs, past experiences or learning, 

or to have a shared language or conceptual understanding with the group under 

investigation. A researcher can be described as an insider when they have experience of 

the group (Farnsworth, 1997) or have been part of the group that is being researched 

(Bolak, 1995). An insider’s first-hand knowledge of that group can allow them to generate 

more contextually embedded knowledge from their own experience of the group under 

investigation (Brannick & Coghlan, 2007). Insiders are generally aware of the patterns of 

social interaction that are required to gain access and make meaning from the study and 

participants (Shah, 2004), and thus can generate rich qualitative data.  

Merton (1972) suggests that the difference between insiders and outsiders is that they 

have different research foci. Insiders are aware of and potentially share the views and 

concerns of the group under study. They can therefore direct their enquiries in a way that 

is relevant to those views.  

Unlike the Insider, the Outsider has neither been socialized in the group 

nor has engaged in the run of experience that makes up its life, and 

therefore can not have the direct, intuitive sensitivity that alone makes 

empathic understanding possible. Only through continued socialization in 

the life of a group can one become fully aware of its symbolisms and 

socially shared realities; only so can one understand the fine-grained 

meanings of behavior, feelings, and values; only so can one decipher the 

unwritten grammar of conduct and the nuances of cultural idiom. (Merton, 

1972: 15) 

As an insider, an individual possesses special insight about a phenomenon that outsiders 

do not. Outsiders, however, have knowledge that can only be accessed by those who have 

not had experience with the group being studied. Typically, outsiders, such as researchers 

or sociologists, are more likely to explore concerns that are relevant to the values and 

interests that they share with their own cultural group (Merton, 1972). Alvesson (2003) 

however, questions whether an outsider can understand the social situation of those within 

a given cultural group in the same way as an insider, and suggests that the information 

and outcomes generated from an insider study are more valid than those of an outsider 

study (Alvesson, 2003).  

One of the criticisms of insider research, however, is the risk of bias. This bias may 

prevent the researcher from conforming to the standards of intellectual rigour that are 

required for research (Brannick & Coghlan, 2007; Alvesson 2003; Anderson & Herr, 

1999; Lykkeslet & Gjengedal, 2007). The possibility of a researcher’s over-involvement 

or over-identification with research subjects, or the potential to have a personal stake or 
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emotional investment in the conclusions that are drawn from the study, has been described 

as ‘going native’ (Brannick & Coghlan, 2007). In contrast to action research, in which 

research findings can often result in the implementation of change to the social setting in 

question, the results of this research project will not directly affect the participants in any 

way. 

It must also be noted that ‘insiderness’ can change dependent on context, and the 

boundary between insider and outsider can change. We are all insiders and outsiders, 

members of some groups and not of others. As context changes, the lines of separation 

between the two positions can change and an individual’s status as either insider or 

outsider can alter (D’Cruz & Jones, 2004). Demographic characteristics such as gender, 

race or sexuality can also influence insiderness (Foster, 2009). Thus there are differences 

between insider researchers with respect to the degree of their insiderness and insider 

researchers may become outsiders if the context of the research changes. 

 Pre-understanding and tacit knowledge 

The degree to which a researcher is an insider to a given group is dependent on their pre-

understanding and tacit knowledge of that group (Lykkeslet & Gjengedal, 2007). Pre-

understanding refers to the body of assumptions and attitudes that a reader or researcher 

will bring to the perception and interpretation of data. Gadamer (2004) suggested that we 

all have a ‘historically effected consciousness’, meaning that our attitudes and 

preferences are based on prior experiences. An insider researcher is assumed to have a 

level of pre-understanding about a group based on their previous learning, experience and 

demographics. That pre-understanding will in turn influence the way in which an insider 

interprets data collected from investigations of their own group.  

A researcher’s insiderness is also dependent on their tacit knowledge of the group. Similar 

to the concept of pre-understanding, tacit knowledge is defined as knowledge that cannot 

be easily articulated (Sternberg & Horvath, 1999). Polanyi (1966) gives a widely used 

example of everyday tacit knowledge: facial recognition.  

We know a person’s face, and can recognise him among a thousand, indeed 

among a million. Yet we usually cannot tell how we recognize a face we 

know. So most of this knowledge cannot be put into words. (Polanyi, 1966: 

p. 4).  

In research, tacit knowledge is often acquired by ‘learning-from-doing’, which involves 

observation or experience of something without verbal explanations of the behaviour or 
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phenomena. Using this tacit knowledge, judgments can be made or actions performed 

without explicitly reflecting on the principles or rules that are involved.  

Tacit knowledge of a group can be improved as experience within this group increases. 

For example, there are beliefs about the ways in which research should be conducted, 

about where difficulties in  the research process might lie and how to overcome the 

difficulties that are known amongst scientists, without these principles necessarily being 

articulated or taught. An individual who shares this tacit knowledge can be seen as an 

insider within that group and scientific context. Tacit knowledge therefore provides 

subjective, context-specific insight.  

With experience comes the increasing tacit knowledge or ‘street smarts’ specific to a 

culture, or indeed a field of research. For example, the language and concepts of science, 

such as the chemical formulae and structures and the research methodologies discussed 

in this project, are not meaningful without prior learning (Bedford & Mason, 2007). 

Chemists’ tacit knowledge of their field has been explored in a study by Lombardino and 

Lowe (2004). In their study, chemists’ prioritisation of potential drug targets showed that 

although the chemists used similar parameters to limit a very large set of compounds, 

they then selected compounds for further investigation based on an unconscious, intrinsic 

preference or ‘gut-feeling’ (Kutchukian et al., 2012). Personal experience with a 

particular synthetic structure, whether positive or negative, appeared to influence which 

chemical structures they chose. However, the chemists were not generally aware of the 

factors they used to select desirable target structures but relied instead on their tacit 

knowledge. 

 Researcher interviews 

Researcher interviews represent a form of insider research in which the interviewer and 

interviewee come from the same, or similar, fields and have a shared understanding of 

the research process under discussion (Bryman & Cassell, 2006). The work presented in 

this thesis utilised this type of researcher interviews. An interview is not a static event but 

is an active and dynamic process in which the interviewer and interviewee contribute to 

the construction of meaning (Bryman & Cassell, 2006). The researcher is an integral part 

of the interview process and their role is unavoidably influential (Brannick & Coghlan, 

2007). Education and professional background, as well as personal details such as the age 

and gender of a researcher will influence the interview process and the rapport between a 

researcher and interviewee in any area of research.  



 

 122 

The professional background of an interviewer can have a considerable influence on 

interview participants’ perceptions of that researcher, as well as having a direct impact 

on the process and outcomes of interviews (Coar & Sim, 2006; Richards & Emslie, 2000). 

Any researcher is inherently implicated in the collected data because they design research 

questions and the interpretation of data is unavoidably influenced by their own pre-

understanding, knowledge and tacit knowledge about the topic that is being investigated. 

In researcher interviews, the interviewee is aware that the interviewer is knowledgeable 

about the practises being discussed and their professional identity is more at stake. This 

awareness may influence the interviewees’ responses (Coar & Sim, 2006). This is often 

outweighed, however, by the ability of the insider researcher to use their prior 

understanding of the group to pursue issues more thoroughly by virtue of not having to 

seek explanations about basic terminology and concepts (Coar & Sim, 2006). A shared 

knowledge and interest in the area of research under discussion may gain interviewees’ 

confidence more readily for an insider than an outsider (Aira et al., 2003) and may 

increase the interviewer’s perceived credibility (Andersson, Troein & Lindberg, 2001). 

Another methodological advantage of insider research is easier access to difficult-to-

reach, or guarded populations (Mitchell, 1998; Zinn, 1979). Access can be a hurdle in 

social science research and this advantage should not be underestimated. 

 My position as an insider  

In this investigation, I am an insider researcher. Although primarily used in ethnographic 

studies or action research, the term ‘insider researcher’ is appropriate for use in this 

research project. I have a high degree of ‘insiderness’ when surveying and interviewing 

medicinal chemists because of my background and experience as a chemist. I have a high 

level of pre-understanding about this group and tacit knowledge of the field from my 

experience in this discipline. My pre-understanding and tacit knowledge of medicinal 

chemistry and drug development, my fluency in the scientific terminology and my 

understanding of the conceptual framework that underlies the scientific process is 

demonstrated in Chapter 3. At times, however, the context changed and I was seen by 

participants as an outsider – a science communication researcher rather than a chemistry 

peer. This position as an insider, and at times an outsider, has both advantages and 

disadvantages that must be recognised and acknowledged. 

One advantage of being an insider researcher for this investigation is that it is likely that 

my chemistry background contributed to the willingness of interviewees and expert 
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survey respondents to participate in this project. Rather than being viewed as an outsider 

with no understanding of the research context, my chemistry experience gave me 

legitimacy as an insider and allowed me to ask detailed questions about this area of 

research. My knowledge of the technical and professional practices of medicinal 

chemistry and drug discovery research enabled me to frame appropriate interview 

questions and allowed me to rapidly interpret responses. I was able to engage with 

interviewees on a meaningful level due to my familiarity with the research process. 

However, asking scientists to be interviewed about their attitudes toward drug 

development and public views, and them knowing that I had a research interest in those 

attitudes, "placed me outside the realm of normal social interaction" (Bolam, Gleeson & 

Murphy, 2003: p. 9) and shifted my position towards that of an outsider.  

As an insider, however, it was vital to ensure that my interpretation of data was oriented 

toward the views of participants rather than to my own views. By exploring experts’ 

attitudes and views about members of the public and the processes of communication 

about this scientific area from a social science perspective, I made every effort to remain 

attentive to ideas or interpretations that might be suggested by interviewees.  

Traditionally, insider research involves social scientists talking to others about society 

(Bryman & Cassell, 2006). A scientist talking to other scientists about science is not 

common in insider research, and a scientist talking to scientists about society is even less 

so. Research into scientists’ motivations and their construction of ‘the public’ and public 

understanding is often conducted by social scientists, who are necessarily required to 

access information and responses from the point of view of an outsider. I know of no 

previous insider research that has been undertaken in the area of drug discovery and 

development by someone with a close understanding of the process.  

As a chemist myself and an insider to the research process, I have an understanding of 

the scientific culture and the explicit and tacit knowledge that are inherent to the practices 

of a scientific community (Walker, 1995). This meant that I was able to talk to scientists 

using their own language and terminology. Interviewees could describe their work in 

detail without needing to consider or adjust their explanations to account for a low level 

of scientific literacy. I was able to draw on my own knowledge and experience of the 

research process when asking questions and following up on replies during interviews, 

which allowed the collection of pertinent data. I was also able to access information from 

these "technological gatekeepers" of knowledge (Allen, 1977 p. 141); I did not need to 

reconstruct or attempt to understand the research processes involved in drug discovery 
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because I have experience in this field of research. This meant that rather than requiring 

an explanation about the drug development process (which could have distracted from 

the intent of the interviews) the focus of interviews could be the interviewees’ motivations 

for this area of work and their view of the public and public understanding of the process. 

At the beginning of each interview, I introduced myself as a researcher in the disciplines 

of both chemistry and science communication and gave a brief overview of both aspects 

of my project (see Section 4.4). By outlining my chemistry research, I positioned myself 

immediately as ‘one of them’ and in some cases this prompted a discussion about that 

aspect of my project and my research colleagues. The comments that arose during 

interviews suggests that the interviewees perceived me, first and foremost, as a chemist. 

Some of the interviewees referred to my background and pre-understanding of medicinal 

chemistry and the research process during our interviews.  

It’s creative and it’s challenging, as you know. It doesn’t work all the time.  

(E9, University; emphasis added; see Section 4.4 for a description of 

interviewees) 

[People] have a very skewed view of what research is. Because by the very 

nature of the courses, chemistry for example, is taught such that if you do 

this, this’ll happen; if you do this, this’ll happen. But you know that it’s 

not like that at all. (E7, PRO; emphasis added) 

These comments demonstrate the interviewees’ immediate acceptance of my own 

contextual and tacit knowledge of the field. Rapport could be quickly established between 

myself and the interviewees as a result of our shared background.  

At times, as a science communication researcher and interviewer, I was seen as an 

outsider. For some interviewees, however, I was simultaneously perceived as both 

chemist and science communicator, as both insider and outsider. This is similar to Coar 

and Sim’s (2006) study, which found that interviewees’ perceptions of the interviewer as 

an insider or outsider were not always consistent between or within interviews. During 

our discussion of public understanding about the drug development process, one 

interviewee suggested that there are difficulties in communicating information about drug 

discovery and the development process to the public. He indicated that the typical lay 

person has only a limited understanding of the research process and the scientific content 

in question, and saw the benefits of science communicators being both insiders and 

outsiders. 
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Having worked with journalists who report on science, most of them 

wouldn’t know one end of a test tube from the other. So it’s nice to have 

someone who’s interested in that field who actually understands some 

science. (E6, PRO; emphasis added) 

These comments demonstrate that the interviewees acknowledged my insider position to 

the research context. They did not need to explain concepts or practices involved in a 

research field with which I was already familiar, allowing the focus of interviews to be 

on the interviewees’ motivation for this area of work and their view of the public and 

public understanding of the process.  

 

4.3 Survey Development and Distribution 

 Design  

Two online surveys were used for collection of quantitative data. Online surveys are 

economical in terms of both time and money, large numbers of participants can be 

reached in a relatively short space of time and data collection is automated, avoiding the 

need for data entry (Lefever, Dal & Matthíasdóttir, 2007; Mertler, 2002; Van Selm & 

Jankowski, 2006).  

Common issues with online survey distribution, however, are that certain groups of the 

general population are under-represented and that a large non-response is common 

(Couper, 2000). Respondents to an online survey are self-selecting and data can only be 

gathered from those individuals who have internet access and who choose to respond. 

Respondents are thus predisposed to be those who find the research question interesting 

and/or gain some satisfaction from participating, for example, those who are helping a 

friend or ‘having their say’ (Groves, Presser & Dipko, 2004). Reasons for not responding 

are unknown and challenging to investigate. A representative sample of the population of 

interest is not guaranteed and generalisations about study findings need to be made with 

caution. Another limitation of using an online survey and opportunistic sampling 

approach is that it is impossible to determine an accurate response rate because an 

unknown number of individuals are invited to participate (Lefever, Dal & Matthiasdottir, 

2006; Van Selm & Jankowski 2006; Couper, 2000). Nevertheless, this method was 

chosen because online surveys allow for the collection of sufficiently large data sets to 

make generalisations about respondents’ attitudes toward drug development and 

understanding of the process. 
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Survey Questions 

The two online surveys used in this investigation were designed to investigate attitudes 

toward and knowledge about pharmaceutical medicines and the drug development 

process and motivations for research in this field. Survey 1 was designed to explore public 

knowledge and attitudes toward the drug development process. In Survey 2, experts’ 

perceptions of public understanding about the drug development process were explored. 

I believe this research is the first to examine attitudes toward the drug development 

process. Although some items were informed by previous studies (e.g., Isacson and 

Bingefors’ (2002) exploration of public views of medicines), all of the attitudinal items 

in the surveys were developed for this study. Pre-testing was necessary to develop 

questions that were not too technical for lay respondents to answer, yet not too general or 

oversimplified for scientists to answer. Feedback from colleagues, both chemists and 

science communication researchers, contributed to refinement of the questions during 

pre-testing. Question wording was kept simple and used language familiar to a lay public 

to minimise the risk that too much detail or too many technical terms would deter 

respondents and decrease the response rate. For example, the term ‘active ingredients’ 

was used to describe the active compounds in medicines. A combination of multiple-

choice, modified Likert scale and open-ended questions was used.  

To minimise participant dropout, the only mandatory question included in the surveys 

was to confirm that participants accepted the terms of the survey. The survey terms on 

the first page of both surveys were hidden to reduce the risk of alienating respondents 

with a large amount of text, but respondents could freely choose to see and read all the 

text. In total, 41% of the public and 58% of expert respondents chose to view the survey 

terms. 

Twenty-one attitudinal, understanding or motivation questions and eight demographic 

questions were included in Survey 1 (Appendix B-1). Fifteen attitudinal, understanding 

or motivation questions and 11 demographic questions were included in Survey 2 

(Appendix B-2). Additional demographic questions about experts’ place and type of work 

were included in Survey 2. 

To allow a direct comparison of responses between the surveys and to determine whether 

there were significant differences between the opinions of experts involved in the drug 

development process and those of the public, questions posed in Survey 2 were kept 

nearly identical to Survey 1, although they were re-phrased when necessary to reflect the 
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different roles of the targeted respondents. For example, a question from Survey 1 about 

participants’ views of scientist motivations ("Please rate how much you think these 

reasons influence why scientists choose to research new medicines") was re-phrased in 

Survey 2 to address scientists’ own motivations ("Please rate how much these factors 

influence your choice to work in an area related to medicinal chemistry / drug discovery"). 

A comparison of key survey questions is shown in Table 4.1. Demographic questions 

(gender, age and education) and questions about familiarity with medical information, 

work or study in a related area, level of knowledge about drug development, personal 

familiarity with illness and use of prescription medicines were included in both surveys. 

The terms ‘prescription’ and ‘over-the-counter (OTC) medicines’ that were used in this 

project are guided by the definitions provided by the TGA (2013), and are described in 

Section 2.1. Attitudes toward different types of complementary and alternative medicines 

(CAMs) were explored in more depth by asking respondents about their preferences for 

specific types of CAMs, such as herbal remedies, homeopathy, alternative treatments and 

nutritional supplements. 

In Surveys 1 and 2, questions about preferred medicinal treatment were intentionally left 

non-specific regarding the type of medical condition in order to explore respondents’ 

immediate affective response or ‘automatic feeling’ to the question (Slovic et al., 2007). 

The process of drug development was also purposely referred to in non-specific terms, 

without reference to the stages involved in the process, in order to let respondents use 

their own understanding of the phrase to formulate their responses. 

Likert scales are commonly used in surveys to obtain responses on a positive-negative 

scale (Nardi, 2013). This approach was used in the two surveys on the assumption that 

the majority of respondents would be familiar with this type of rating scale. Uni-

directional Likert scales were used to investigate respondents’ preferences for medicinal 

treatment options, topics of interest related to the development process, perceived 

influences on research, motivations for research, trust in stakeholder groups and preferred 

sources of information. Multi-item constructs were used in these cases to allow 

respondents to visually compare their ratings of individual factors on a four-point scale 

from ‘none’ to ‘high’ (i.e., ‘no preference/interest/trust’ to ‘high 

preference/interest/trust’).  

Single-item Likert scale questions were used to assess attitudes toward CAMs, 

knowledge about drug development and interest in the drug development process. 
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Respondents were asked to compare the safety and effectiveness of CAMs with that of 

pharmaceutical medicines, and responses were measured on a five-point Likert agree-

disagree scale. Similarly, respondents were asked to agree or disagree about their level of 

knowledge and interest in finding out more about the development of new medicines on 

five-point Likert scales.  

Six questions in Survey 1 and five in Survey 2 included an open-ended ‘other’ response 

to allow respondents to provide additional and/or more detailed responses. In both 

surveys, the inclusion of a general open-ended question about the survey topic was 

provided to give respondents the opportunity to offer additional comments. Some of the 

qualitative data obtained from these open-ended questions were used to inform analysis 

of the responses that were given in the quantitative sections of the surveys. 



Table 4.1. Overview of survey questions  

Note: Questions have been designed to enable a direct comparison between public views, expert views and expert perception of public views, therefore questions were repeated in 
each survey or phrased similarly. Questions have been aligned and differences in question phrasing have been shown below under Survey 2. Questions were either multiple choice, 
Likert scale or open-ended.  

 Survey 1 (public) Survey 2 (expert) 

Attitudes 1. Please select which one of the following statements best describes your view about 
medicines. 

3. (same phrasing) 

 2. For treatment of a medical condition, please rate your preferred choices of treatment. 4. (same phrasing) 

 3. Herbal, alternative or complementary treatments are generally more effective than 
pharmaceutical medicines. 

5a. (same phrasing) 

 4. Herbal, alternative or complementary treatments are generally safer (fewer health risks) 
than pharmaceutical medicines. 

5b. (same phrasing) 

 9. Do you think it is important to society that new medicines are developed? 6. (same phrasing) 

  8a. The general public considers the development of new medicines to be important. 

 13. Please rate how much you would trust these groups to make the decision to develop 
new medicines. 

10. (same phrasing) 

 14. Please rate how much you would prefer to use these sources for obtaining information 
about the development of new medicines. 

15. WHY would you prefer to receive information from your top-rated sources? 

11. (same phrasing) 
 

12. (same phrasing) 

Understanding 5. I know a lot about the development of new medicines. 5c. (same phrasing) 

 6. I would be interested to find out more about the development of new medicines if 
information was easily available. 

8b. The general public should know more about the development of new medicines. 

 7.  Please rate how interested you would be in finding out more about these topics. 9. In your opinion, how important is it that the public knows more about these aspects 
of drug development? 

Motivations 10. Please rate how much YOU think these reasons currently influence the development 
of new medicines. 

2. Please rate how much you believe the general public sees these factors as 
influencing the development of new medicines. 

 11. Please rate how much you think these reasons influence why SCIENTISTS choose to 
research new medicines. 

1c. Please rate how much these factors influence your choice to work in an area related 
to medicinal chemistry / drug discovery. 

 12. Please rate how much influence you believe these groups have on making the decision 
to develop new medicines. 

 



A number of multiple choice questions were included in Survey 1 to assess public 

knowledge about the drug development process (Questions 16-21; see Survey 1 in 

Appendix B). However, Stocklmayer and Bryant (2011) suggest that the type of questions 

that are typically used to assess general science knowledge, for example, "Does the Earth 

go around the Sun, or does the Sun go around the Earth?" (Durant, Evans & Thomas, 

1989), do not provide a good measure of science literacy as they are often answered 

incorrectly by members of the public and scientists. As preliminary analysis of the results 

of questions 16-21 in Survey 1 support Stocklmayer and Bryant’s (2011) views, it was 

decided that these questions were insufficient to gauge respondents’ understanding of the 

drug development process and the data were removed from my analysis.  

Instrument validity 

To ensure reliability and validity of the collected data, questions for Survey 1 were 

developed through a multi-step process. Early versions of the survey questions were 

discussed with ten science communication research colleagues and were refined and 

clarified over multiple iterations. A draft version of the survey was then pre-tested online 

with six pilot participants (Fowler, 1995; Nardi, 2013). These participants took, on 

average, 16 minutes to complete the survey. After they completed the survey in private, 

informal interviews were conducted with these participants to gather insight about how 

they understood the survey questions and response options (Fowler, 1993; Karabenick et 

al., 2007). Their feedback indicated that they felt the survey was too long, and the survey 

was shortened accordingly. Two of the pilot participants felt that the definition of the 

word ‘medicines’ in the survey was not clear enough. The following explanation was 

therefore included on each page of the final survey: "Please note that the term ‘medicines’ 

in this survey refers to synthetic, pharmaceutical medicines (both prescription and non-

prescription e.g., paracetamol, antibiotics), and not to herbal extracted medicines (e.g., 

echinacea, St John’s Wort) or other alternative treatments." 

The positive or negative phrasing of some questions was also queried by one of the pilot 

participants, but many of the questions were phrased intentionally in this manner. For 

example, rather than presenting the questions regarding attitudes toward CAM treatments 

(Q3 and 4) as neutral multiple-choice questions (e.g., a neutral question could be worded 

as: "Are CAM more effective than pharmaceutical medicines, or are pharmaceutical 

medicines more effective than CAM?"), the questions were worded as positive statements 

and responses were measured on an agree-disagree Likert scale. It has been suggested 

that positive or negative phrasing of a question can result in acquiescence with the 
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question - that is, a tendency to agree with survey items (Cronbach, 1950; Couch & 

Keniston, 1960) - whereas the "inclusion of negatively worded items [can] encourage the 

respondent to process the item content more carefully" (Weems et al., 2003: 588). As this 

survey was based on investigating attitudes toward the development of conventional 

pharmaceutical medicines and could therefore have been perceived as favouring 

pharmaceutical medicines, I considered it appropriate to present CAM in a positive light 

in these survey items. The questions were worded as ‘Herbal, alternative or 

complementary treatments are generally more effective/safer than pharmaceutical 

medicines’ on an agree-disagree Likert scale.  

One of the pilot participants also expressed concern about the use of the term ‘a lot’ in 

the question "I know a lot about the development of new medicines". This question 

intentionally included the term ‘a lot’ in order to determine a respondent’s level of 

confidence in their own knowledge. If the question had been worded as "I know about 

the development of medicines", we would expect to receive a higher proportion of ‘agree’ 

responses, without any indication, however approximate, of the level of knowledge that 

informs respondents’ expressed attitudes. 

The word ‘generally’ was also retained in these survey items in an effort to obtain more 

generalised attitudes toward CAM than would be gained from a question worded as 

"CAM are more effective/safer than pharmaceutical medicines". A more-definitively 

worded question might require respondents to have a very definite attitude toward CAM 

one way or the other, and could therefore be off-putting to some respondents. I reasoned 

that phrasing the question more generally would prompt responses that provided a more 

accurate picture of respondents’ overall attitudes toward CAM as respondents can be 

unwilling to commit to opinions that might be seen as controversial or ‘wrong’ 

(Tourangeau, Rips & Rasinski, 2000). This is especially the case in survey research when 

the researcher/s might be perceived as being biased towards one aspect of the research 

question; respondents tend to provide the response they think the researchers want to hear. 

In this case, the survey topic might be expected to encourage more positive responses 

toward conventional medicines.  

The focus of the survey on motivations for drug discovery and medicinal chemistry may 

have resulted in the study being perceived as pro-pharmaceutical medicines and the 

processes involved in their development (see Bolam, Gleeson & Murphy, 2003). 

Responses may therefore be influenced in some way by the perception of a research 

agenda that was at least partially informed by this pro-medicine viewpoint. This potential 
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for influence is the case in all survey research, and is more likely to be cause for 

discussion in regards to the peer/insider interviews conducted with scientists. 

 Data Collection 

Survey 1 - The public  

Survey 1 was made available online for a six-month period from October 2011 to March 

2012 and was administered with the SurveyGizmo website (Widgix, 2005-2013). 

Participants were recruited by placing invitations on social media sites, web forums, 

association newsletters, and local newspapers (the full list can be found in Appendix C). 

Australian associations, societies and online discussion forums were identified by using 

the internet search terms "Australian society of" or "Australian association of" (see 

Appendix C); the top-listed groups were then contacted. Australian respondents were 

targeted but participation was not restricted geographically in any way. 

In an attempt to avoid the survey invitation message being seen as spam, emails were 

addressed to the manager or moderator of associations or online forums with a request 

for their support in circulating the invitation to members. Requests to place a survey 

invitation in local newspapers and magazines were also sent to the press contact or public 

relations office of each publication. In total, 114 emails were sent (for an example of the 

email, see Appendix C). The majority of these emails (80%) did not receive a reply; 

however, of the replies received, 11 were positive and an invitation for participation was 

subsequently published online or in a newsletter/newspaper. Additional information 

about the research was provided upon request.  

Opportunistic and snowball sampling were used to recruit additional participants. Persons 

known to the researchers were emailed and asked to forward the survey information and 

online link to their extended networks. The email advertisement that was distributed 

included an invitation to forward the survey link to friends and colleagues.  

Although the survey was aimed at the public, probability sampling was not possible 

because of the approaches used to recruit participants. The total number of people who 

received an invitation to complete the survey is unknown and a response rate for Survey 

1 is therefore unavailable. Additionally, the use of social networking sites, such as 

Facebook and Twitter, ultimately resulted in a skewed demographic distribution of 

participants (see Respondent Characteristics in this section), which was not representative 
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of the general Australian population. For this reason, results cannot be generalised to 

describe the attitudes of the entire population but are instead attributed to a more 

specialised, interested public. 

In the time that Survey 1 was accessible online (approximately 6 months), 887 

respondents completed the survey out of a total 1133 people who accepted the survey 

terms. Incomplete responses (with >30% of unanswered questions, including 

demographics; n=246) and one response with overly flippant responses to open-ended 

questions were excluded from the data set. Only a small proportion of responses were 

received from citizens of countries other than Australia, therefore only the data for 

respondents with Australian citizenship and/or residency (N=820, 93%) were included in 

the final data set for analysis.  

Survey 2 - Experts 

Survey 2 was distributed to members of the Organic and Biomolecular divisions of the 

Royal Australian Chemical Institute (RACI), which is the professional association for 

chemists in Australia. An email invitation was forwarded by the RACI office on my 

behalf to 2249 members of the Organic and Biomolecular divisions of the RACI. The 

subject of the invitation email was specifically addressed to those working in the areas of 

drug discovery or development (see Appendix D). In total, 753 members opened the 

initial email invitation and 114 responded to the survey (a response rate of 15% based on 

those who opened the email, or 5% based on the total number of emails sent). A notice 

about the survey was included in the RACI newsletter two weeks after the initial email 

invitation was sent and an additional 10 scientists responded to the survey, providing a 

total of 124 complete responses.  

The first question in Survey 2, "Is your work related to drug discovery, medicinal 

chemistry or the pharmaceutical development process?", was included to immediately 

identify whether respondents fitted the classification of ‘expert’ as defined in this project. 

Several respondents answered ‘no’ and two opted not to answer, thus these cases were 

excluded from the final data set. The data collected from the 115 remaining respondents 

were analysed and this group is referred to throughout this thesis as experts (or expert 

survey respondents). 
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 Data Analysis 

Quantitative data analysis  

Data were collected using SurveyGizmo (Widgix, 2005-2013), imported into SPSS 

Version 21.0 (IBM, 2012), cleaned and analysed. The majority of data was gathered from 

Likert scales or on categorical items and both descriptive statistics and regression models 

were used for analysis. Descriptive statistics were calculated for demographic variables 

in order to describe the sample. Data that were collected on Likert scales have been 

presented in figures. As there was a non-response rate of 0-5% for each question or item, 

the proportions shown in each figure represent the responses that were given and therefore 

do not total 100% in every case.  

Many of the Likert scales used in this study to collect data provided rank-ordered 

responses. Unlike interval data, ordinal responses have an incremental arrangement (i.e., 

none, slight, moderate, high), but the difference or distance between each response cannot 

be quantified (Hosmer Jr., Lemeshow & Sturdivant, 2013). The responses to these 

variables were coded so that higher scores indicated stronger motivation, and multivariate 

ordinal logistic regression was used to analyse these data. 

Ordinal logistic regression (OLR) is used to predict the likelihood of an outcome 

(dependent variable) based on one or more independent (ordinal) variables. If the 

categories of the dependent variable are ordered, a significant p value provides an 

indication of the odds (relative likelihood) of a one-level higher (or lower) response on 

the Likert scale being given. The validity of an OLR model is dependent on data fitting 

the proportional odds assumption, which presumes that the relationship between each pair 

of dependent outcomes is the same. That is, the coefficient that describes the relationship 

between the lowest and all higher categories is the same as the coefficient that describes 

the relationship between the next lowest and all higher categories. The null hypothesis 

for the proportional odds assumption is that the slope coefficients in the model are the 

same across response categories; if the null hypothesis is rejected, the OLR model is 

invalid (Anderson, Jin & Grunkemeier, 2003; Hosmer, Lemeshow & Sturdivant, 2013).  

Ordinal logistic regression analyses of responses collected on Likert scales (dependent 

variable) were used to explore the personal characteristics (independent variables) that 

best predicted respondents’ responses to the survey questions. Independent variables for 

these analyses consisted of seven demographic and medical familiarity variables: gender, 
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age, education level, work or study background in a related area, knowledge about drug 

development, familiarity with a serious medical condition, and regular prescription 

medicine use. All seven independent predictor variables were initially entered into the 

multivariate model. Each regression model was fitted to ensure that the proportional odds 

assumption was satisfied and changes to the model were made when necessary. For 

example, the variable ‘time taking prescription medicines’ was excluded from analysis in 

some cases to ensure that the proportional odds assumption was satisfied and that the null 

hypothesis was rejected. In cases for which one or more independent variables were 

excluded from the regression model, this has been noted in the appropriate results table. 

The dependent variables (i.e., responses) were regressed on the independent variables 

(i.e., demographic and medical familiarity characteristics) by using a stepwise, backward 

elimination process in an exploratory enquiry (Menard, 2002; Hosmer, Lemeshow & 

Sturdivant, 2013). All variables had a minimum of 801 responses. The significance level 

used for retention of the variable in the model was p=0.05. The analysis was run and at 

each step, the parameter with the highest p value (i.e., the least significant variable) was 

eliminated. The multivariate analysis was then re-run with the remaining variables. This 

stepwise elimination was continued until all remaining variables were significant 

contributors to the model (i.e., until an overall value of p<0.05 was obtained), or until no 

variables were left to remove. Only respondents with data available for all predictor 

variables were included in the regression procedure; OLR is used to assess cases with 

valid codes, thus cases that included ‘unsure’ responses or had missing data (<5%) were 

excluded from this analysis.  

Comparative analyses of attitudes held by the interested public and experts toward the 

drug development process were also explored. The chi square test of independence was 

used to compare the rankings of public and expert responses. Significant differences 

between responses are indicated where data is presented.  

In some cases where significance was observed, the fit of the Chi square test was not valid 

for all ranked categories due to low frequencies for some responses. When data for these 

cases is presented in figures throughout this thesis, parentheses (e.g., (*)) are used to 

indicate that significant differences were seen between specific responses from the public 

and experts, despite the fit of the overall Chi square model being invalid. 
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Qualitative Data Analysis  

Answers to open-ended questions in each survey about the importance of drug 

development were evaluated qualitatively. Thematic content analysis was used to identify 

common themes that emerged within and across responses (Krippendorff, 2012; Braun & 

Clarke, 2006).  Analysis was primarily inductive and data driven; thematic categories 

were selected after repeated reading and initial coding of responses. 

Originally, 14 codes were identified for the classification of responses about the 

importance of drug development. After several discussions with colleagues, these codes 

were reviewed and consolidated into six categories that reflected four major themes. The 

four themes were drug development in relation to: personal, medical treatments, social 

benefit and scientific knowledge (Table 4.2). Responses that referred to each category 

were quantified by recording a simple presence or absence of that code/concept. Some 

responses referred to multiple codes so were counted multiple times in the appropriate 

categories. 

Table 4.2. Development of the thematic coding manual for an open-ended question 
about the importance of drug development: "Do you think it is important to society 
that new medicines are developed?" 

Original codes Final categories Theme 

Improve quality of life  Benefit to the individual Personal 

Prevent/treat/cure disease    

Reduce side-effects Improvements to existing medicines or 
alternative products 

Medicinal options 

Improve efficacy or safety 

Reduce cost 

Different or generic options 

New diseases can appear Need for novel medicines  

Resistance to pathogens   

No current treatment for some conditions No available medical treatment  

Reduce the burden on society  
(e.g., health care system) 

Benefit society more widely Societal 

Improve health in developing countries   

Research provides new knowledge Application or gain of new knowledge Scientific knowledge 

We know more about the body so can 
develop new medicines 

  

Other Other Other 
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Where open-ended question responses are presented throughout the thesis, they are 

quoted verbatim. A few minor changes have been made to some quotes to correct minor 

typographic or grammatical errors. For example, 'developement' was corrected to 

'development' and filler words have been included in [square brackets] for ease of 

interpretation. 

Respondents to Surveys 1 and 2 have been assigned a participant number according to 

the order in which they responded to the surveys. As not all survey responses were 

included for analysis, participant numbers are not sequential and may be larger than the 

total number of respondents that is otherwise cited.  

 Respondent Characteristics  

The distributions of Survey 1 (public) and Survey 2 (expert) respondents’ demographic 

characteristics (gender, age, level of education) and familiarity with medicines or medical 

treatment (work or study in a related area, self evaluation of knowledge about the drug 

development process, personal or close experience with a serious medical condition, 

regular prescription medicine use) are presented in Table 4.3. These characteristics 

comprise the independent variables that were used for logistic regression analyses. 



Table 4.3. Distribution of public and expert responses based on demographic and 
medical familiarity characteristics, and a comparison with Australian census data 

Independent Variable Category Survey 1 
(public) 

Survey 2 (experts) ABS* 

  n % n % % 

Socio-demographic characteristics       

Gender Male 
Female 

253 
557 

30.9 
68.8 

86 
28 

74.8 
24.3 

49.8 
50.2 

 TOTAL 810  114   

Age [years] <18 
18-24 
25-34 
35-54 
55-69 
70+ 

4 
247 
299 
170 

78 
20 

 
30.6 
36.5 
20.7 
12.0 

 
3 

23 
63 
26 

 

 
2.6 

20.0 
54.8 
22.6 

 
32.5 
14.4 
27.5 
25.6 

 TOTAL 818  115   

Education School 
Technical training 
Undergraduate degree 
Postgraduate degree 

110 
69 

348 
291 

13.4 
8.4 

42.4 
35.5 

0 
0 

12 
113 

0 
0 

10.4 
89.6 

47.0 
29.8 
18.0 

5.1 

 TOTAL 818  115   

Type of research institution University 
Public Research Organisation 
(PRO) 
Biotech/pharma 
Hospital/medical institute 
Other private company 
Other public company 
Govt. department 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

54 
13 
20 

6 
13 

7 
2 

47.0 
11.3 
17.4 

5.2 
11.3 

6.1 
1.7 

 

 TOTAL   115   

Connection to drug 
development process 

Drug discovery/med chem 
Biological assay 
Later stages (e.g., clinical trials) 
Regulation/policy-making 
Consulting/management 
Other R&D 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

84 
33 
24 

5 
17 
15 

73.0 
28.7 
20.9 

4.3 
14.8 
13.0 

 

 TOTAL   178[a]   

Medical familiarity       

Related background (BG) With BG 
Without BG 

286 
515 

34.9 
62.8 

- 
- 

- 
- 

 

 TOTAL 801     

Know a lot about the 
development of medicines 

Agree 
Neutral 
Disagree 

224 
166 
417 

27.3 
20.2 
50.9 

86 
19 

6 

74.7 
16.5 

5.2 

 

 TOTAL 807  114   

Familiarity with serious medical 
condition 

Yes 
Yes, AND friend/family  
No, BUT friend/family 
None 

133 
151 
312 
222 

16.2 
18.4 
38.0 
27.0 

25 
23 
40 
25 

21.7 
20.0 
34.8 
21.7 

 

 TOTAL 818  113   

Time-frame of regular use of 
prescription medicine/s 

<3 months 
3-10 months 
10 months-2 years 
2-5 years 
5-10 years 
10+ years 

475 
33 
89 
66 
39 

117 

57.9 
4.0 

10.9 
8.0 
4.8 

14.3 

63 
4 
9 
8 

10 
17 

56.8 
3.5 
7.8 
7.0 
8.7 

14.8 

 

 TOTAL 819  111   

Note: *ABS, 2012. N(public)=820, N(expert)=115; total for each independent variable varies due to non-responses and 
percentages are based on valid responses to that question; reference categories for regression analyses are italicised. [a] More 
than one response possible therefore total responses are greater than N. 
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Demographics and medical familiarity  

A majority of public respondents were female (69%), whereas the converse was the case 

for the expert group, in which 75% of respondents were male (Table 4.3). The 

male/female ratio of both groups differ significantly from wider Australian society (ABS, 

2012), but the male-dominated expert group corresponds with the gender composition of 

practicing research scientists globally (Foley, 2005; Ledin et al., 2007). 

Due to the low number of respondents in the highest and lowest age groups in Survey 1, 

age was collapsed into four categories for analysis (<25 years, 25-34 years, 35-54 years, 

and 55+ years). These collapsed age categories encompass different stages of life and 

respondents in these groups might be expected to have different attitudes to medicines. 

For example, respondents under the age of 25 are less likely to have had any serious 

health scares or to have used prescription medicines regularly; those in the 25-34 age 

group are likely to have few health issues but are more likely to be thinking about starting 

a family and the associated health considerations; respondents aged 34-54 are likely to be 

relatively established in career and family life and in health; and those aged over 55 are 

likely to be beginning to think about retirement and/or to have health problems associated 

with ageing. The public data set was skewed towards young adults, with the age 

distribution of respondents concentrated in the 18-24 and 25-34 years age groups (30 and 

37%, respectively; Table 4.3). Expert respondents were concentrated in the 35-54 years 

age group (55%). 

Public respondents’ highest level of completed education was collected on a six-item 

scale that was ordered from primary school to postgraduate education. Data were 

collapsed to four categories due to low numbers in some categories (such as primary 

school), resulting in the final categories ‘school’, technical’, undergraduate’ and 

‘postgraduate’. The ‘technical’ category comprised technical college education, such as 

Australia’s Technical and Further Education (TAFE) organisation, trade certificates or 

apprenticeship accreditation. Open-ended ‘other’ responses were also reviewed and 

responses that cited a teaching certificate or nursing training were added to this category 

on the assumption that these courses were undertaken as vocational courses prior to 

teaching and nursing training moving to the university sector in the 1980s. The public 

cohort was skewed towards a relatively high level of education overall (which is one 

reason for using the term interested public); 42% of respondents reported an 

undergraduate education and 36% reported a postgraduate education (Table 4.3). 

‘Undergraduate’ was used as the reference category for regression analysis with this 
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variable. Experts reported a higher level of education, with 90% holding a postgraduate 

degree (e.g., PhD and/or Masters degree). 

Self-reported knowledge about the drug development process was initially collected on a 

five-point Likert scale item. For use as an independent predictor variable, responses were 

collapsed to three categories: agree, neutral and disagree. ‘Unsure’ responses were 

excluded from analysis because they were not expected to influence dependent response 

outcomes. There was a considerable and predictable difference in the proportion of 

knowledgeable individuals in each cohort: 27% of the public and 75% of experts agreed 

that they were knowledgeable about the drug development process (Table 4.3). 

Respondents were asked about their familiarity with a serious medical condition. 

Response options included personal experience of being seriously ill, or familiarity with 

illness of a close friend or family member. Preliminary regression analyses of the public 

data set were undertaken using all four response categories. No significant differences in 

response were observed between respondents who had either personal or close 

experience. Hence, the affirmative responses were combined to create binary categories: 

yes and no. In total, 73% of the public and 77% of experts reported a familiarity with 

serious illness (Table 4.3).  

Respondents were asked whether they had taken prescription medicines regularly for any 

length of time (excluding the birth control pill). After discussion with colleagues, 

responses were coded into six categories that were considered to encompass different 

styles of medical treatment. For example, treatment with a standard course of antibiotics 

on the scale of a couple of weeks or months was reported by numerous participants, but 

was not expected to cause long-term changes in an individual’s attitude toward medicines; 

these responses were therefore combined with ‘no prescription medicine use’ to form the 

category ‘less than 3 months’. The open-ended responses ‘several years’ or ‘many years’ 

were interpreted as distinct time-frames and were coded as the categories 2-5 years and 

5-10 years, respectively. The majority of respondents were not regular prescription-

medicine users, with 58% of the public and 57% of experts reporting a time frame of  less 

than 3 months of prescription medicine use (Table 4.3).  

An interested public  

As discussed in the literature review in Chapter 2, there are many definitions of the term 

‘public’. For example, a ‘lay’ or ‘general’ public may differ significantly from an 
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interested public in terms of the level of interest and knowledge they hold about a given 

topic or issue (Burns, O’Connor & Stocklmayer, 2003).  

Recruiting for Survey 1 was opportunistic and response was voluntary; as a result, the 

individuals who responded were not representative of the entire spectrum of the 

Australian public (Table 4.3). A comparison of the public respondents’ demographic 

characteristics with ABS census data (ABS, 2012) indicated that the socio-demographic 

distribution of the public respondents is considerably different to that of the general 

Australian population (Table 4.3). Survey 1 respondents displayed a high level of 

education when compared with Australian averages (compare proportions of 

undergraduate and postgraduate education).  

A sizeable proportion of public respondents reported being either knowledgeable about 

the drug development process (8%), or had a work or study background in a related area 

(8%), or both (20%; Table 4.4). The data collected from the public came from a young, 

relatively well-educated and knowledgeable public and was considered to represent an 

interested public. 

Table 4.4. Public knowledge about the drug development process and related 
background 

 Related background No related background TOTAL 

Knowledgeable 154 (20%) 65 (8%) 220 (28%) 

Neither 64 97 161 

Not knowledgeable 66 (8%) 343 (43%) 408 (52%) 

TOTAL 284 505 789[a] 
[a] Overall total does not equal 820 due to missing or ‘unsure’ responses. 

 

A lay public 

To explore more thoroughly whether differences in response were linked to respondents’ 

self-reported knowledge about the drug development process and/or work or study 

background in a related area, I generated a subset of respondents that could be more 

clearly defined as a lay public for comparison. Preliminary regression analysis of the 

interested public data indicated that respondents who possessed a work or study 

background related to the area of drug development self-reported their knowledge more 

highly than those who did not have a related background. This suggests that respondents 

who reported both knowledge and a background related to drug development could be 

considered specialists or experts in the field. Within the general public as a whole there 
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are likely to be individuals who have some knowledge of the drug development process 

but do not fit the definition of expert used for this project. A lay public group was 

therefore assembled from Survey 1 data by selecting a less-informed subset of the 

interested public group. Individuals who reported having both knowledge about the drug 

development process and a related work or study background (n=154, 19%; Table 4.4) 

were removed from the interested public dataset to create a subset of respondents who 

possessed neither or only one of the two variables ‘knowledge’ or ‘related background’. 

This subset was classified as a lay public group (N=666, 81%).  

Both the lay public and interested public data sets were analysed. When responses were 

compared, minimal differences were seen between the lay and interested public responses 

for most question items. Chi square tests to compare lay public versus expert and 

interested public versus expert responses were also carried out. The vast majority of 

items that achieved a significance difference in response between the public and experts 

remained significant when either the lay public or interested public was compared with 

the expert data.  

Adjusting the data to fit more closely with census data (ABS, 2012) would limit the 

number of responses available for analysis. Very few differences between the responses 

of the lay and interested public were seen, hence the public data set was ultimately 

analysed as a whole. Accordingly, the results presented in this thesis are attributed to the 

views of an interested rather than a lay (or general) public.  

 

4.4 Interviews 

 Design 

To investigate experts’ motivations for research and opinions about public attitudes 

toward the drug development process, semi-structured interviews were conducted with 

12 scientists working in the field of drug development. At the time of the interviews, these 

scientists all held a PhD in chemistry and spanned a variety of roles, levels of seniority, 

and places of employment in academic or industry positions related to the drug discovery 

process (Table 4.5). The scientists were interviewed because of their knowledge, 

experience and expertise with aspects of the drug development process. 
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Question development 

The interview protocol was prepared concurrently with Survey 1 and was designed to 

explore experts’ motivations for choosing to work in this scientific area and their views 

about public opinions regarding pharmaceutical development. Several draft versions of 

the interview schedule were developed and feedback from ten science communication 

colleagues was obtained for each iteration. Two pilot interviews were conducted with 

volunteers known to the researcher; one held a PhD in natural product chemistry and the 

other in bioinorganic chemistry. Feedback from research colleagues and volunteer 

interviewees about the order and phrasing of questions informed further refinement of the 

interview protocol and provided an estimation of the interview length prior to the final 

interview phase.  

All interviewees were asked the same general set of questions (see Appendix D for the 

interview protocol). Questions were designed based on my own familiarity with 

chemistry research and the literature reviewed for development of the Survey. My status 

as an insider researcher (see Section 4.2) allowed me to explore in greater depth specific 

topics that emerged during data collection that were pertinent to the research aims (Fossey 

et al., 2002). The order of the questions varied at times depending on how the interview 

proceeded, and some additional questions were posed during the interviews in order to 

explore in greater detail the views of the interviewees.  

 Data Collection 

Potential interviewees were initially identified using an internet search of the words 

"medicinal chemist Australia" to find names of appropriate scientists. Based on search 

results, individuals were contacted via email and invited to participate in interviews about 

their motivations for research and their views of public understanding of the drug 

development process. Twelve scientists responded to the email invitation and were 

interviewed. Using a snowball sampling approach (Cresswell, 2009), interviewees were 

asked to suggest names of colleagues who might also be willing to participate in this 

investigation. The internet search and snowball-sampling methods were chosen because 

of the efficiency and breadth of these methods. This exploratory, qualitative study 

complemented the expert responses obtained in Survey 2. 

Interviews were conducted by telephone, Skype or in person at the interviewee’s place of 

work, dependent upon the preference and location of the interviewee. Permission was 

requested for the use of a tape recorder and interviewees were informed about issues of 
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confidentiality. Interviews lasted between 40 and 60 minutes and were audio recorded 

with a hand-held audio-recording device or Skype application (Pamela for Skype, 2012). 

Audio recordings of the interviews were transcribed in full, summarised, and illustrative 

quotes were extracted. A summary of their interview, with quotes, was sent to each 

interviewee for member-checking (Lincoln & Guba, 1985). 

At the time of recruiting participants for the interviews, the scientists who were contacted 

were provided with a brief overview of the research project and topics to be covered, but 

were not given a copy of the proposed interview questions ahead of time. Bryman and 

Cassell (2006) suggest that the spontaneity of replies during researcher interviews can 

greatly enhance the flow and content of interviews, and the opportunity to prepare for an 

interview may inhibit the naturalness of the discussion. I therefore decided not to provide 

a detailed outline of the interview structure to interviewees in order to gain more nuanced 

and instinctive responses to the questions.  

To establish rapport and give the interviewee time to get comfortable, the interviews 

began with a brief introduction which lasted approximately 2-5 minutes. This 

introductory phase allowed me to introduce myself to the interviewee, describe the aims 

of my project and my chemistry research (thus identifying myself as a fellow chemist and 

an insider to the scientific field), and to explain the principles of the interview. This phase 

also included time for the interviewee to ask questions about this research, my 

background and experience, or the interview process.  

Overall, I was welcomed by the interviewees, many of whom were enthusiastic about my 

research and showed a genuine interest and curiosity about my academic background and 

my motives for pursuing this research. I made every effort to maintain a neutral 

demeanour throughout discussion with the interviewees, and refrained from any 

immediate or direct intervention in interviewees responses other than nodding or 

prompting further exploration of a given statement. My insider status and experience of 

working in this field of research assisted in the interview process by allowing me to ask 

the interviewees detailed and relevant questions, as well as assisting in subsequent data 

analysis. 

Each interviewee was invited to talk about their early interest in science, as well as their 

professional background and current role and working projects. They were asked about 

the factors that had motivated their choice to work in medicinal chemistry. The 

interviewee was then asked about their opinions regarding the public’s engagement with 



 

 145 

and understanding of the drug development process. Finally, the interviewee was asked 

to consider whether communication with the public is important to suggest ways in which 

public engagement with the concept of drug development might be improved. 

 Data Analysis  

Analysis of the interview data was guided by the method used by Wong and Westwood 

(2010). Repeated reading and coding of the interview transcripts allowed me to 

familiarise myself with and make provisional sense of the collective data. Analysis was 

primarily inductive (Braun & Clarke, 2006) and common themes that emerged across the 

interviews were identified. Analysis was also guided to some extent by my prior 

understanding and tacit knowledge of the scientific context in which interviewees work, 

as well as my awareness of the issues that were likely to be raised and views about the 

public that are typical to the discipline. Some studies have shown that familiarity with the 

interview subject matter can make analysis of interviewee responses easier (Coar & Sim, 

2006; Hewitt, 2007). Interview responses are quoted verbatim throughout the thesis.  

 Respondent Characteristics 

Twelve scientists (10 male, 2 female) employed in areas related to drug discovery or 

medicinal chemistry were interviewed. All of the interviewees had a PhD in organic, 

medicinal or natural product chemistry and were currently working in areas related to the 

drug development process. Although the number of interviewees is too small to draw 

generalisations about their views based on workplace, interviewees were employed across 

a spectrum of organisations, including industry, universities, or other public research 

organisations (PROs). Four interviewees held academic research roles at public 

universities and three interviewees were employed in similar roles at public research 

organisations; Table 4.5). Interviewees who worked at a pharmaceutical company or 

contract research organisation were classified as having an industry role; two of these 

scientists had moved from laboratory research into a service provision or management 

role. 
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Table 4.5. Role and identification code for interviewees 

Code Place of work Research/Role Gender DOB 

E1 Industry Pharma. company Management  M 1947 

E2  Contract research Drug discovery/design F 1972 

E3  Contract research Catalogue synthesis, drug discovery  M 1976 

E4  Contract research Drug design, lead compound 
development 

M 1978 

E5 PRO[a] Medical research 
institute 

High-throughput screening, lead 
compound development  

M 1965 

E6  Medical research 
institute 

Identification of biological targets, drug 
design  

M 1964 

E7  Govt. research 
institute 

Preventative health research M 1965 

E8  Biotech. company Service provider, consultant M - 

E9 University University 
academic 

Drug design, lead compound 
development 

M 1974 

E10  University 
academic 

Identification of biological targets, drug 
design 

M 1978 

E11  University 
academic 

Bioactive natural product isolation M 1953 

E12  University 
academic 

Bioactive natural product isolation F 1970 

[a] PRO=public research organisation 
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5 Attitudes Toward Medicines and Drug Development  

This chapter addresses the second research question, "What are public and expert attitudes 

toward medicines and the drug development process?" Attitudes toward new and/or 

controversial area of science or technology have received considerable attention in the 

science communication literature over recent years (Bultitude, 2011). However, attitudes 

toward established industries and technologies, including the pharmaceutical industry and 

the drug development process, have not been studied. The widespread availability and 

use of CAMs (Armstrong et al., 2011) and media attention to scientific controversies, 

such as the purported link between vaccination and autism (Olson, 2009), have resulted 

in concern about the safety of conventional pharmaceutical medicines.  

In this chapter, I explore attitudes toward conventional medicines and complementary 

and alternative medicines (CAMs), understanding about the drug development process 

and the perceived importance of drug development. and whether this field of research is 

still valued and considered important by consumers. The results discussed in this chapter, 

and those that follow, were obtained from two surveys and a series of interviews with 

chemistry experts. The first survey, Survey 1, provides quantitative data about the 

attitudes of an interested public (N=820) and a lay public subset (N=666), and Survey 2 

(N=115) and the 12 interviews offer quantitative and qualitative results about expert 

attitudes. 

 

5.1 Knowledge about drug development  

Although six questions (questions 16-21, Survey 1; see Appendix B) were included in 

Survey 1 to evaluate respondents’ knowledge about the drug development process, 

research has suggested that using fact-based questions to assess knowledge does not 

provide an accurate measure of public science literacy (Stocklmayer & Bryant, 2011). 

The key to understanding science is often the understanding of its process rather than its 

facts (Collins & Pinch, 1998); yet process understanding is more difficult to measure. 

Analysis of responses to questions 16-21 in Survey 1 did not provide adequate data to 

assess knowledge; thus respondents’ self-reported knowledge has instead been used for 

this analysis. 

When the public were asked to report on their level of knowledge about the drug 

development process, 27% of the respondents to Survey 1 agreed or strongly agreed that 
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they knew a lot about the process (Figure 5.1). This is likely to be a higher proportion of 

knowledgeable respondents than would normally be expected in the general public, 

supporting the classification of the Survey 1 respondents as an interested public (see 

Section 4.3). The proportion of knowledgeable respondents in this data set would likely 

have been lower if the sample was more representative of Australian society.  

 

Figure 5.1. Self-reported public and expert knowledge ("I know a lot") about the drug 
development process provides an estimate of respondents’ level of confidence in their 
own knowledge 

Note: N(expert)=114, N(interested public)=819, N(lay public)=664. 

The respondents who claimed to be both knowledgeable and to have a work or study 

background related to the drug development process, potentially giving them an expert 

level of knowledge, were removed from the data set in order to create a group that might 

be more representative of a lay public (see explanation in Section 4.3). When the 

responses of this lay public group were compared with interested public and expert 

responses, results indicated that knowledge amongst the lay public would likely be 

limited with only 11% of this lay public agreeing or strongly agreeing that they were 

knowledgeable (Figure 5.1). 

In Survey 2, experts were also asked about their knowledge of the drug development 

process. Interestingly, only 75% of experts agreed or strongly agreed that they were 

knowledgeable about this process (Figure 5.1). This is likely to be because some experts 

considered their knowledge to be specific to certain aspects of the drug development 

process, rather than possessing a thorough understanding of the whole process. This idea 

has previously been cited by scholars in the field of science literacy (Levy-Leblond, 1992) 
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and, during the subsequent interviews, one of the expert interviewees noted that there 

were recognised differences in expertise amongst scientists, even amongst colleagues and 

collaborators who work together within his research institution. 

Knowledge was explored further as a dependent variable in a regression analysis of what 

independent variables might predict respondents’ attitudes. The Survey 1 data for self-

reported knowledge were collapsed into three categories, agree, neither agree nor disagree 

(i.e., neutral) and disagree. The public demographic and medical familiarity items were 

investigated for their ability to predict self-reported knowledge. Gender, education and 

related background were all associated with public respondents' self-reported knowledge 

(Table 5.1). 

Table 5.1. Variables that significantly predicted self-reported knowledge amongst the 
interested public 

Note: [Odds Ratio (Confidence Interval low-high), p]. Asterisks denote a statistically significant difference between 
the reference category and other predictor categories; only significant results are presented; OR>1 indicates a positive 
association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001. 

  
Independent predictor variable  
(reference category) 

  Gender Age Education Related background Familiarity Medicine use 

  (F) (<25) (undergrad.) (no background)  (yes) (<3 m) 

Knowledge  
(neutral) 

2.14 (52.94), 
p<0.001***   

postgrad: 1.64 (18-
2.28), p=0.003** 

8.18 (5.97-11.22), 
p<0.001***     

 

Of the significant variables, having a background in an area related to medicines was the 

strongest positive predictor of self-reported knowledge, which is understandable given 

the immediate association between the two. Education and gender were strong predictors 

of self-reported knowledge, and are consistent with previous studies that have shown that 

men report higher levels of understanding of science and maths concepts (Ackerman, 

Beier & Bowen, 2002). Although the proportion of respondents with higher education 

and a background related to the scientific concept under investigation is likely attributable 

to the interested public cohort that responded to Survey 1, results are likely similar to a 

more general public.  

Respondents with a related background and higher education were considerably more 

likely to agree that they were knowledgeable about drug development; this finding was 

the foremost reason for implementation of the second data collection phase (Survey 2). 

In Survey 2, quantitative data were collected from a group of knowledgeable experts to 

enable a comparison of expert responses with those of the interested public.  
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5.2 Importance of drug development 

Attitudes toward the pharmaceutical development process were investigated by exploring 

opinions about the importance of this process. In Survey 1, the vast majority of the 

interested public indicated that it is important to society that new medicines are developed 

(95%; n=777). Only 1% (n=9) indicated that it is not important. In Survey 2, all of the 

experts except one (99%, n=114) indicated that it is important to society to develop new 

medicines.  

Respondents from both surveys who said drug development is important were asked in 

an open-ended question what they considered to be the most important reason. Responses 

gathered from the public and experts were very similar. Four broad themes describing the 

importance of drug development emerged from analysis of the text responses. These 

themes were: drug development in relation to individuals, medicinal options, social 

benefit and scientific knowledge. Within each of these themes, a number of additional 

categories were identified (Table 5.2).  

Table 5.2. Quantitative analysis of respondents’ views about the most important 
reasons for developing new drugs  

Note: N(interested public)=721, N(expert)=110; some responses addressed a number of categories and so total 
responses in different categories exceeds overall number of responses; percentages are based on number of tallied 
responses and the sum total exceeds 100%. 

Theme Categories Interested Public Expert 

  n % n % 

Personal Benefits to the individual 335 47 49 45 

Medicinal Options Improvements to existing medicines 182 25 22 20 

 Need for novel medicines 127 18 18 16 

 Provide medicines for conditions that are currently untreatable 70 10 27 25 

Social Benefit General benefits to wider society 30 4 8 7 

Scientific Knowledge Application or gain of new knowledge 49 7 2 2 

Other  21 3 4 5 

 

There was general similarity in the reasons for developing new drugs given by interested 

public and expert respondents. Many respondents gave reasons related to the personal 

impact of drug development on the individual and nearly half of both the interested public 

and expert respondents said that curing or treating disease and improving quality of life 

by reducing pain or suffering due to disease was the main goal of drug development. The 

next largest proportion of responses also related to benefits to the individual in terms of 

improvements to existing medical treatments. Some respondents also said that there were 
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benefits to society as a whole, such as reducing the economic burden of health care by 

focusing on prevention.  

Some respondents referred to the need to improve existing medicines or to develop 

treatments for conditions that are currently not treatable; this was mentioned by a higher 

percentage of experts than the interested public. The implementation or generation of new 

scientific knowledge was also mentioned.  

The 12 expert interviewees in this project were also asked why they considered the 

development of pharmaceutical medicines to be important. Expert responses in interviews 

were categorised according to the same themes as the survey responses. All of the 

interviewees emphasised that it was very important to develop new medicines, mostly to 

enable treatment of the large number of diseases or medical conditions that are currently 

untreatable. The social benefits and impacts of new scientific knowledge were also 

mentioned. 

The themes of responses to both surveys and the interviews are described in more detail 

below. 

Personal 

In response to the open-ended question "Do you think it is important to society that new 

medicines are developed?" in Surveys 1 and 2, nearly half of the expert and public survey 

respondents said that drug development was important to the individual. However, many 

of these responses were not specific, referring to medical cures in general or to 

improvements in an individual’s quality of life. Examples of responses relating to 

personal health and wellbeing, which were categorised as Personal, included: 

Extending life. (S1-IP #453) 

Cure disease, relieve symptoms. (S1-IP #712) 

Stopping small things turning into major problems e.g., stopping ulcers 

while they are causing mild discomfort before they cause permanent 

damage. (S1-IP #755 Interested public) 

To alleviate suffering and improve quality of life for all people. (S2-Expert 

#29) 
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Medicinal options 

Responses that fell within the Medicinal Options theme were categorised based on 

apparent differences in a respondents’ level of thinking. An immediate affective response 

about developing better or more effective ways to treat disease and avoid side effects was 

common and was categorised as improving existing medicines. To a lesser extent, 

reference was also made to improving the cost-effectiveness of medicines or the wider 

availability of generic versions of medicines, and these responses were also included in 

this category.  

Creation of more effective treatments, fewer side effects, fewer 

contraindications. (S1-IP #441 Interested public) 

To produce safer, cheaper pharmaceuticals with fewer side effects. Also 

[to provide] affordable generic brands to reach every market. (S1-IP #443) 

To find effective treatments and preventative measures for disease. (S2-

Expert #36) 

Some respondents moved beyond the immediate implications of medical treatment and 

mentioned that some medical conditions are still untreatable using existing medicines. 

These responses were categorised based on the idea of developing alternatives to current 

medicines or for known illnesses or disease.  

There are still too many untreatable diseases that we should be able to cure. 

(S1-IP #894) 

As a treatment for conditions that do not as yet have effective treatment 

options, whether that be prevention or remedial. (S1-IP #1015) 

Treatment of diseases where [there are] currently limited options. (S2-

Expert #121) 

Respondents who indicated a deeper level of thinking and a greater awareness of future 

developments or issues with medical treatment, such as the increase of pathogens that are 

resistant to existing drugs or the appearance of new diseases (e.g., the H1N1 virus in 2009 

(WHO, 2009)) were categorised based on their suggestion of a need for novel medicines.  

Combat new infections, diseases etc. that are becoming resistant to the 

medicine we have at the moment. (S1-IP #513) 

As the population is forever changing new diseases and cases are evolving, 

medicine must keep up with the fast pace change. (S1-IP #388) 

There are so many diseases which can be treated with new medicine[s]. ... 

The pharmaceutical industry has been trying for a while, since about 1950, 

maybe a bit earlier, but really intently since 1950, to discover new 

medicines. And they’ve done the easy ones. They did them pretty quickly 
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really. But the tough ones are left. ... There’s this vast unmet need. (E1, 

Industry) 

Where else can new drugs come from? There is a great need for new drugs, 

be it because microbials [sic] become resistant or a new disease is 

occurring. Or better treatments are wishful because what we’ve currently 

got on the market is rather limited, be it side effects, be it efficiency, be it 

really specifically targeting a particular condition. So there is a great need 

for all sorts of new drugs to be developed. (E12, University) 

The need to develop medicines for tropical infectious diseases (such as malaria, 

leishmaniasis, etc.) was pointed out by a number of the expert interviewees, and was 

related to the role that NGOs play in that context. 

Particularly in the neglected diseases area, the patient base tends not to 

have a voice, so you need non-profit organisations to speak up and 

challenge the pharmaceutical industry to consider making these new 

medicines, because there is a lack of profit in developing medicines for 

this area. (E2, Industry) 

 

Social Benefit  

Although there were fewer responses relating to wider social benefits of drug 

development, many of these responses indicated a level of thinking that moved beyond 

an immediate affective response about the treatment of disease or improvements in 

quality of life. Instead, the benefits of drug development were presented as having a wider 

impact on social issues. These responses were coded as Social Benefit.  

There are numerous illnesses, diseases and disorders which people 

currently suffer from without effective or sustainable treatments, 

preventions or cures. I believe that as we advance as a society we have an 

obligation to improve the health and welfare of the members within that 

society. Medication development is a significant element in that process. 

(S1-IP #517) 

Disease causes harm and economic burden so developing new medicines 

may help to keep us a step ahead of disease and to maintain happy healthy 

communities. (S1-IP #531) 

To find better therapies for diseases. Surgery is invasive, alternative 

medicine is often unregulated and inaccurate, current therapies are often 

problematic. Though we fight against natural selection and have since 

produced an ageing population with more new problems I can see it as a 

way forward to improve society. People live longer and are more 

productive due to accumulated knowledge. We will always strive to 

continue to improve. (S2-Expert #96) 
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I don’t think anyone would debate that pursuing improved health for 

society is a good thing, whether you come at it through a variety of means. 

The pharmaceutical option has certainly been a very successful one over 

the years. (E3, Industry) 

This category also included comments about differences in the medical treatments 

targeted at developed (OECD) and developing (non-OECD) countries. 

To improve the standard of living in under-developed nations rather than 

maintaining the health of aging first world countries. (S1-IP #136) 

There are many under treated diseases which affect the quality of life for 

many people around the world. I think that there should be more focus on 

the development of drugs which will benefit millions with under treated 

diseases in developing nations. (S1-IP #551) 

Cheap and efficient ways to get medicine to developing countries can also 

be improved by newer more efficient medicines. (S1-IP #664) 

 

Scientific Knowledge 

Both the generation and use of new scientific information were mentioned as benefits of 

drug development research. New biological knowledge about human physiology or 

pathogen systems, or new chemical knowledge about the active pharmacophores of new 

drug candidates can all contribute to the development of improved medicines. Of the 

public respondents, 7% indicated that research into new medicines provides new 

information that might help to cure illness or design more-targeted treatments. 

Interestingly, only 2% of experts gave similar responses.  

To increase scientific knowledge of chemicals and their interaction with 

each other and humans. (S1-IP #280) 

It’s not the medicine itself [that is of benefit] but all the research involved; 

there are a lot of flow on effects e.g., new techniques and other applications 

that result from developing any given pharmaceutical agent. (S1-IP #948) 

We understand a lot more about the mode of action of drugs today than 2 

years ago. Therefore we can design more patient specific treatments 

without the side effects of older drugs. There are also a lot of unmet 

medical needs which can be treated through medication. (S2-Expert #85) 

There are still many diseases poorly treated or untreated, and there’s still 

a massive amount to learn in biology. And as we learn biology we can then 

more efficiently use medicinal chemistry to discover compounds to treat 

these diseases. (E5, PRO) 
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Other responses 

The importance of drug development in relation to solving some of the problems that can 

arise from an increasing population was mentioned by some respondents. 

With our ever increasing population the likelihood that a serious illness is 

going to affect the great population increases as there are more people to 

transfer it and mutations could occur. (S1-IP #445) 

With the human race no longer using selective breeding (only the strongest 

survive) it is essential for medicine to adapt. (S1-IP #528) 

One of the interested public respondents suggested that drug development is important 

because it may lead to improvements in the active chemical compounds of a drug or an 

individuals’ response to medicine. 

There is always a way to make something more efficient/effective for 

health, and with fewer side effects. Also need alternatives, not everybody 

will respond the same way to a drug. (S1-IP #152) 

One of the expert respondents suggested that drug development is a necessary process 

because medicines "do not fall off trees - a lot of work goes in to developing safe and 

effective drugs" (S2-Expert #90). Other interested public respondents referred to a 

specific disease, for example "mental health" (S1-IP #970) or "cancer" (S1-IP #151). The 

brevity of these responses makes them hard to interpret with confidence; it may be that 

these respondents consider drug development to be an important process because it might 

lead to a cure for these specific diseases.  

The medicalisation of society was also mentioned by one interested public respondent as 

a reason why drug development is important. 

With modern society, people are too health conscious. Kids are not 

allowed to play in the dirt anymore. People aren’t allowed to build 

immunity so with society lessening the growth of immunity, the need for 

medicinal solutions increases. (S1-IP #314) 
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Unimportant 

The interested public respondents who stated that they did not consider the drug 

development to be important (n=9, 1%) were asked to provide their reasons. Four 

respondents gave reasons related to population unsustainability: 

Given the current overpopulation of this world, the propensity for misuse 

of palliative medicines and because sometimes the new medicines create 

more harm than good over the long term in ways that can not at first be 

envisioned. (S1-IP #418) 

Because it will just prolong people’s lives, it will go against natural 

selection thus meaning the population will continue to increase at an 

unsustainable rate. (S1-IP #749) 

Another interested public respondent stated that they felt the drug development process 

is not important because they would prefer to see an increase in the development and use 

of alternative methods of treating illness. 

I think it is more important that we take a holistic approach to medicine. 

Doctors too readily prescribe medicines when they are not necessary. (S1-

IP #398) 

Another said that there is too much focus on commercial gain from the drug development 

process. 

Because we should be focusing on prevention, the pharmaceutical industry 

is only interested in making money by providing a band-aid. (S1-IP #798) 

Some of the interested public respondents also implied that the medicalisation (or more 

specifically, the pharmaceuticalisation) of society was a reason that drug development is 

not important.  

Medicines are too easily handed out and bacteria are developing a high 

tolerance to antibiotics. If the use of medicines was more justified the 

development of new medicines won’t be as necessary. (S1-IP #134) 

We are an increasingly medicated society and as such our reliance on 

medicines is far too high. I am not against the development of new drugs 

for serious diseases and conditions, but the overwhelming influx of 

medicines for trivial and non-life threatening illnesses is ridiculous. (S1-

IP #403) 
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 Public and expert views 

Public attitudes toward medical science are generally more positive than those toward 

other new technologies, despite reports of specific controversies or concerns (Miller, 

2004). For example, the Australian public has been shown to be positive about the 

potential for science and technology to cure illness, make our lives more comfortable and 

provide opportunities for future generations (Lamberts, Grant & Martin, 2010). The 

attitudes that were identified in my study are consistent with those reported in the 

Lamberts, Grant and Martin (2010) work; the vast majority (95-99%) of the public and 

expert respondents in this study stated that the development of medicines is important.  

It is interesting that the concept of medicalisation or pharmaceuticalisation was 

mentioned by both respondents who said drug development is important and those who 

said it is not. According to these respondents, medicalisation has undesired effects on 

society. One expert appeared to view the development of new medicines as an important 

approach to improving health, yet some interested public respondents suggested that if 

medicines were used more discriminately, there would be less need to spend so much 

time and effort on the search for new medicines.  

Overall, few differences were found between the reasons that were given by the interested 

public and experts for the importance of drug development. Expert respondents attributed 

a greater importance to the development of medicines for currently untreatable 

conditions, whereas the interested public more commonly mentioned the need to improve 

existing medicines. Somewhat surprisingly, a larger proportion of the interested public 

respondents referred to the benefits of new scientific knowledge than the experts. Results 

suggest that all respondents, whatever their level of knowledge about the concepts behind 

this particular scientific field, consider the overall benefits of the drug development 

process to be important.  

 

5.3 Public attitudes toward medicines 

As media portrayal of the pharmaceutical industry has typically been negative (Ennis & 

Slattery-Moschkau, 2006 in Brown & Calnan, 2012; Goldacre, 2013) and previous 

studies have demonstrated that Australians increasingly prefer CAMs (O’Callaghan & 

Jordan, 2003; Xue et al., 2007; Siahpush 1998), it was anticipated that the public may 

hold a negative view of conventional medicines. However, when asked to choose which 
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statement best represented their views of medicines, the majority of interested public 

respondents to Survey 1 reported a generally positive attitude toward medicines and 

considered them to be helpful (53%) or necessary (31%; Table 5.3). All respondents who 

defined their view as Other indicated that they "use both pharmaceutical medicines and 

alternative treatments, depending on the need" (S1-IP #733). Experts were similarly 

positive about the use of medicines; 60% indicated that they consider medicines to be 

helpful and another 28% indicated that medicines are necessary (Table 5.3). 

Table 5.3. Respondents selected one of the following statements as best describing 
their views about medicines 

N(interested public)=820, N(expert)=115. 

View Interested 
Public 

Experts 

n % n % 

Medicines are helpful and I use them willingly when necessary 438 53.4 69 60.0 

Medicines are necessary, I use them but I would prefer not to 255 31.1 32 27.8 

I avoid using medicines whenever I can 56 6.8 4 3.5 

I use herbal or alternative treatments instead of/before taking  
pharmaceutical medicines 

53 6.5 3 2.6 

I avoid both medicines and herbal or alternative treatments when 
I can 

10 1.2 3 2.6 

I do not have a view about medicines 3 0.4 0 0 

Other 5 0.6 4 3.5 

 

To allow a direct comparison with the results of a Swedish study of public attitudes 

medicines (Isacson & Bingefors, 2002), the response options in Surveys 1 and 2 were 

collapsed. The categories ‘I use herbal or alternative treatments instead of/before taking 

pharmaceutical medicines’ and ‘I avoid both medicines and herbal or alternative 

treatments when I can’ were combined with I avoid using medicines whenever I can to 

give a new category: Medicines are best avoided. As a result, three overall categories 

have been created to describe views of medicines: Medicines are helpful, Medicines are 

necessary, and Medicines are best avoided. These new categories correspond to the 

options that were included in Isacson and Bingefors’ (2002) study: Medicines are 

positive, a help; Medicines are necessary, but evil; and Medicines are negative, a danger.  

When the interested public responses were compared with the Swedish study (Isacson & 

Bingefors, 2002), attitudes toward medicines in this Australian public were similar; the 

two more favourable options, Medicines are helpful and Medicines are necessary, were 
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selected by similar proportions of the Australian respondents compared with the Swedish 

study (Figure 5.2). 

 

Figure 5.2. Comparison of the views of Australian experts and the Australian public 
toward medicine (this study) with those of the Swedish public  

Note: N(expert)= 115, N(interested public)=820 , N(lay public)= 658, N(Isacson & Bingefors)=5,404. 

Despite media attention to medical controversies or debate (e.g., vaccinations), which can 

cause public concern about a technology (Brown & Calnan, 2012), these results suggest 

that a willingness to use medicines for health care remains consistently high. Attitudes, 

particularly strong attitudes, do not readily change over time (Petty & Krosnick, eds., 

1995). However, when the views of a lay public subset were analysed, their overall 

attitude toward medicines was less positive. Of the lay public group, 40% indicated that 

medicines are best avoided, and only 13% said that medicines were helpful (Figure 5.2).  

Multivariate OLR analysis was conducted to explore whether public respondents’ 

demographic characteristics could predict their views about medicines based on the three-

category scale described above. For this test, the category Medicines are helpful was said 

to be positive; Medicines are necessary was used as the reference category; and Medicines 

are best avoided was taken to be a negative view. Results of the regression analysis 

indicated that both age and related background were significantly associated with the 

interested public’s views about medicines (Table 5.4).  
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Table 5.4. Variables that predicted views about medicines amongst the interested 
public 

Note: [Odds Ratio (Confidence Interval low-high), p]; Asterisks denote a statistically significant difference between 
the reference category and other predictor categories; only significant results are presented; OR>1 indicates a positive 
association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001. 

 Predictor variable (reference category) 

 Gende
r 
(F) 

Age 
(<25) 

Education 
(undergrad.
) 

Related 
background 
(no background)  

Knowledge
able 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

View 
 

35-54: 1.74 
(1.16-2.61),  
p=0.007* 
55+: 2.37 
(1.41-3.98),  
p=0.001** 

 
0.68 (0.50-0.91),  
p=0.010* 

  
 2-5 yrs: 0.42 (0.24-
0.73), p=0.002*; 
5-10 yrs: 0.37 (0.18-
0.75), p=0.006*; 
10+ yrs: 0.50 (0.32-
0.79), p=0.003* 

 

A more positive view of medicines was reported by interested public respondents aged 

over 35, which may be related to the increasing reliance on medicines of older individuals. 

As age increases, the likelihood of health problems and the need for medical treatment 

tends to increase (House, Kessler & Herzog, 1990). As a result, individuals who are 

required to use medicines may have a more positive attitude about the necessity and 

effectiveness of medicines.  

Surprisingly, interested public respondents with a work or study background in an area 

related to drug development were likely to report a more negative view of medicines. 

This result suggests that familiarity with the area does not necessarily predict a positive 

view of medicines. Although individuals who are familiar with the development of 

medicines are likely to be aware of the safety profile of medicines and the rigorous testing 

and regulation procedures that are required for approval, they may also be concerned 

about the risks of medicines. Alternatively, the result may be due to the population 

sampled in the survey; as the survey was self-selecting, it is possible that some 

respondents chose to participate because they had a particular opinion about medicines 

and saw an opportunity to voice it. Further study would be required to identify reasons 

for the negative views that were provided. 

Interested public respondents who had long term experience of prescription-medicine use 

were also more likely to report a more negative view of medicines than those who rarely 

used prescriptions medicines. This may be due to the increased likelihood of experiencing 

side effects of medicines, a desire to reduce medicine use or even simply the 

inconvenience of medicine use. However, further investigation into these possibilities 
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was beyond the scope of this project and would need to be undertaken in a follow-up 

study. 

 Preferred medicinal treatment options 

When respondents to Surveys 1 and 2 were asked "For treatment of a medical condition, 

please rate your preferred choices of treatment", both the public and expert respondents 

in this project reported a much higher preference for conventional pharmaceutical 

medicines than CAMs. This is despite earlier reports of an increasing interest in, and use 

of, CAMs in Australia (Siahpush, 1999; O’Callaghan & Jordan, 2003; MacLennan, 

Myers & Taylor, 2006; Xue et al., 2007). In particular, a moderate to high preference was 

given to prescription medicines by 76% of the public and 88% of experts (Figure 5.3). 

Interestingly, experts also ranked over-the-counter (OTC) medicines (44% moderate-

high) or no treatment (32%) more highly than nutritional supplements (29%) or any of 

the CAM options (<13% moderate-high). 

 

Figure 5.3. Public and expert preferences for various medicinal treatment options 

Note: Asterisks denote a statistically significant difference between public and experts for any specific treatment 
option; * p<0.05, ** p<0.01, *** p<0.001; N(interested public)=775-814, N(expert)=111-115. 
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Overall, the interested public expressed low preferences for the CAM options provided 

in the survey question, contrasting with findings from earlier studies about CAM use in 

Australia (Siahpush, 1998; MacLennan, Wilson & Taylor, 1996; Xue et al., 2007). The 

order of CAM preferences, however, was similar to the preferences expressed by 

Australians in one of these previous studies (Xue et al., 2007). In that study, clinical 

nutrition (i.e., nutritional supplements) and Western herbal remedies were shown to be 

amongst the most popular types of CAMs, whereas the use of Chinese herbal medicine 

or homeopathy remained low. The interested public respondents in this thesis study 

ranked nutritional supplements more highly than any of the other CAM options (Figure 

5.3). Alternative therapies and herbal remedies were also ranked low, yet homeopathy 

received the lowest ranking overall by a considerable margin.  

The relatively high proportion of interested public respondents with a work or study 

background related to drug development may help to explain why this group reported a 

low preference for CAMs compared with previous studies of the Australian public 

(Siahpush, 1998; MacLennan, Wilson & Taylor, 1996; Xue et al., 2007). These results 

suggest that knowledge or familiarity with pharmaceutical medicines generally increases 

a respondent’s preference for those treatments and skepticism toward CAMs; however, 

further investigation would be required to identify a correlation and is beyond the scope 

of this project.  

The most significant differences between the interested public and expert preferences for 

treatment were seen for the CAM options alternative therapies (χ2 (df=3, n=897)=18.56, 

Cramer’s V=0.14, p<0.001) and homeopathy (χ2 (df=3, n=893)=15.16, Cramer’s V=0.13, 

p=0.002). In both cases, a significantly larger proportion of the public respondents were 

likely to rate a higher preference for these CAM options than did experts. This difference 

might be attributed to the experts’ familiarity with, and greater understanding of, the 

process of drug development and regulation of associated products. Australia for example 

has a two-tiered system for the regulation of medicines: higher-risk medicines (including 

conventional pharmaceuticals) must be registered and require individual quality, safety 

and efficacy testing before registration; lower-risk medicines (including CAMs) are listed 

rather than registered and are assessed only for quality and safety (TGA, 2012). It is likely 

that expert respondents are more aware of this distinction, and results suggest that they 

have a greater preference for medical products with proven efficacy. 

Individuals are often heavily dependent on mass media coverage for information about 

science (Nisbet et al., 2002), the nature of which can influence public opinions (Ho, 
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Brossard & Scheufele, 2008; Besley & Shanahan, 2005; Brewer & Ley, 2011). 

Individuals who are less knowledgeable or less likely to seek scientific data are also likely 

to have less awareness of the rigour of scientific testing and clinical trials. Experts’ 

awareness of the differences in testing and approval procedures may contribute to a 

greater skepticism about unproven health care products, leading to the low preference for 

these products reported by the expert respondents in this project. The finding that the 

public respondents in this study reporting a lower preference for CAMs than has been 

seen for the Australian public previously (Siahpush, 1998; MacLennan, Wilson & Taylor, 

1996; Xue et al., 2007) supports the assertion described in Chapter 4 that this cohort is an 

interested public, comprising a larger proportion of knowledgeable individuals. This is a 

reasonable explanation of why respondents in this study reported a lower preference for 

CAMs than has been seen for the Australian public previously. 

Interested public responses were explored using multivariate regression analysis to 

identify differences in preferences for medicinal treatment based on demographic and 

health characteristics. Gender, age, related knowledge and medicine use were found to be 

significantly related to the interested public respondents’ treatment preferences (Table 

5.5). 

Female respondents were significantly more likely to rate a higher preference for CAM 

treatments, such as herbal, alternative and homeopathic remedies, than males. In 

particular, an especially large difference in the gender preference for homeopathy was 

observed: men were far less likely to choose homeopathy than female respondents (OR 

0.29***; Table 5.5). Other studies conducted in Australia and worldwide have also 

reported that CAM users tend to be female (MacLennan, Wilson & Taylor, 1996; Frass 

et al., 2012; Adams et al., 2003). 



Table 5.5. Interested public preferences for medicinal treatments as predicted by demographic characteristics 

Note: [Odds Ratio (Confidence Interval low-high), p]; Asterisks denote a statistically significant difference between the reference category and other predictor categories; only significant results are 
presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001. 

Treatment  Predictor variable (reference category) 
 Gender 

(F) 
Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledgeable 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Prescription 
medicines 
 

1.63 (1.22-2.19), 
p=0.001** 

35-54: 0.52 (0.35-0.77), 
p=0.011* 
55+: 0.52 (0.35-0.86), 
p=0.011* 

  
1.76, (1.27-2.42), 
p=0.001** 

 
2-5 yrs: 2.47 (1.44-4.24, 
p=0.001** 
5-10 yrs: 2.84 (1.47-
5.50), p=0.002* 
10+ yrs: 2.11 (1.38-
3.25), p=0.001** 

Nutritional 
supplements 
 

0.60, (0.45-0.78), 
p<0.001** 

35-54: 1.49 (1.02-2.18), 
p=0.038 
55+: 1.80 (1.13-2.88), 
p=0.014* 

  
0.55 (0.40-0.75), 
p<0.001*** 

  

OTC  
 

 
25-34: 0.62 (0.45-0.85), 
p=0.003** 
35-54: 0.50 (0.34-0.73), 
p<0.001*** 
55+: 0.32 (0.20-0.52), 
p<0.001*** 

  
1.51 (1.11-2.05), 
p=0.009* 

  

Alternative 
therapies 

0.48 (0.36-0.65), 
p<0.001*** 

35-54: 2.85 (1.93-4.19), 
p<0.001*** 
55+: 2.17 (1.36-3.47), 
p=0.001*** 

   
0.54 (0.39-0.74), 
p<0.001*** 

 

No treatment 1.41 (1.05-1.89), 
p=0.023* 

   
1.68 (1.23-2.32), 
p=0.001** 

 
10 m-2 yrs: 0.52 (0.33-
0.83), p=0.007** 
2-5 yrs: 0.50 (0.29-0.87), 
p=0.014* 

Herbal 
remedies 

0.62 (0.45-0.84), 
p=0.002** 

  
0.53 (0.39-0.71), 
p<0.001*** 

   

Homeopathy 0.29 (0.17-0.47), 
p<0.001*** 

35-54: 2.29 (1.33-3.97), 
p=0.003** 
55+: 1.97 (1.03-3.76), 
p=0.040* 

2.32 (1.22-4.41), 
p=0.010* 

 
0.38 (0.23-0.62), 
p<0.001*** 

  



Male respondents stated a higher preference for no treatment than females (OR 1.41*; 

Table 5.5). This result is unsurprising given that in general, men are less likely to admit 

to pain or seek health advice, which can result in poor health-care use (Smith, Braunack-

Mayer & Wittert, 2006; Ricciardelli, Mellor & McCabe, 2012; Courtenay, 2000). The 

delay in male help-seeking behaviour can be due to the influence of cultural stereotypes. 

Men are often said to respond to physical or mental symptoms by using strategies such 

as denial and a ‘toughen-up’ attitude that suggests they just need to ‘shake it off’ rather 

than seeking health advice or health care (Smith, 2007; Ricciardelli, Mellor & McCabe, 

2012).  

Based on these results, however, it appears that if the male respondents in this project do 

choose to treat medical symptoms directly, they display a higher preference for 

prescription medicines than females (OR 1.63**; Table 5.5). As CAMs are often used for 

illness prevention or health promotion purposes, rather than as a direct cure for medical 

symptoms (Eisenberg et al., 1998; Ernst, 2000), the male preference for a pharmaceutical 

product rather than health promotion is not surprising. 

Public respondents over the age of 35 reported a higher preference for nutritional, 

alternative and homeopathic treatments (OR 1.49-2.85*, Table 5.5). Interestingly, other 

Australian studies of CAM use have reported highly variable results, with both older 

(Zhang et al., 2007) and younger users (Xue et al., 2007; O’Callaghan & Jordan, 2003) 

found to be more frequent CAM users. Many other studies, including systematic reviews 

of the literature, have indicated that CAM use is higher amongst middle-aged individuals 

(Frass et al., 2012; MacLennan, Myers & Taylor, 2006; Adams et al., 2003). Due to the 

heterogeneity of investigations into CAM use, however, reasons for the popularity of 

CAMs amongst different age groups is difficult to ascertain.  

The perceived low risk of CAMs and their wide and frequent use for health promotion 

purposes (Eisenberg et al., 1998; Ernst, 2000) may be reasons that older respondents rated 

CAMs highly in this project. There are higher incidences of chronic disease amongst the 

elderly, which can potentially require long term use of medicines, yet the effectiveness 

of conventional medicines for chronic diseases can be limited as "neither the disease nor 

its consequences is static" (Holman & Lorig, 2000: 526). This may contribute to the 

increasing use of CAMs amongst older age groups in Australia.  

Respondents with vocational training were found to be more likely to report a preference 

for homeopathy (OR 2.32*, Table 5.5). Although other studies have shown that a high 
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level of education is a positive predictor of CAM use (Harris et al., 2012; Frass et al., 

2012), results of this study indicated that higher levels of education had no predictive 

effect regarding a preference for homeopathy. The skew towards university education 

amongst this interested public (either undergraduate or postgraduate), which is not 

representative of a general public (ABS, 2012), and the high proportion of individuals 

who could potentially be classed as ‘expert’ (i.e., knowledgeable with a related 

background; see Section 4.3) has complicated the predictive effect of education toward 

preferences for CAMs in this study.  

In contrast to education, knowledge about the drug development process was significantly 

correlated with preference for different treatment options (Table 5.5). A higher level of 

contextual knowledge was correlated with greater respondent preference for conventional 

pharmaceutical medicines over CAM treatments. Respondents who self-reported higher 

knowledge about the drug development process tended to state higher preferences for 

pharmaceutical options or no treatment, and lower preferences for CAM options, than 

respondents who self-reported being less knowledgeable about the drug development 

process (Table 5.5). These respondents are likely to have a greater awareness of the 

regulation and testing of conventional medicines compared with CAM, for which proof 

of efficacy or safety are not required to the same standards (TGA, 2012). A higher level 

of knowledge about the drug development process and the rigorous testing procedures 

that are involved might increase an individual's acceptance of, and therefore preference 

for, conventional pharmaceutical medicines over CAM treatments. Likewise, an 

awareness of reduced rigour in the listing of CAMs by the TGA and inadequacies in 

efficacy may cause a knowledgeable individual to eschew the use of CAMs. However, 

studies have shown that overall worldview may be a stronger predictor of CAM use than 

general scientific knowledge (Pettersen & Olsen, 2007), and that consumers can support 

positive attitudes toward conventional medicines and CAMs simultaneously (Stoneman 

et al., 2013). As mentioned above, additional research will be required to further 

investigate the effect of knowledge and education and the interplay with other variables, 

such as worldview, on consumers preference for conventional medicines or CAM 

treatments.  

When respondents had experience in managing their health with prescription medicines 

they were significantly more likely to prefer this medication option (Table 5.5). This 

suggests that personal experience is able to offset concerns about the risk of conventional 

medicines. Bissell, Ward and Noyce (2001) reported a similar response amongst users of 
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non-prescription medication in the UK. Their study found that people who were familiar 

with using medicines to manage minor ailments reported fewer concerns about the risks 

of medicines, instead focussing on the benefits available from the use of non-prescription 

medicines. The authors also found that respondents saw the use of non-prescription 

medicines as a relatively taken-for-granted activity, and were willing to use medicines as 

necessary to self-manage minor ailments (Bissell, Ward and Noyce, 2001). 

 Safety and efficacy of CAMs 

Previous studies have shown that Australians see the use of conventional medicines as 

necessary yet believe that taking them is a somewhat risky activity (Doran, Robertson & 

Henry, 2005). CAMs on the other hand, although considered to be less effective than 

conventional pharmaceutical medicines, are sometimes viewed as being less risky (Lynch 

& Berry, 2007; Alhakami & Slovic, 1994). Stoneman, Sturgis and Allum (2013) 

suggested that both the reported use of CAMs by the public and public perceptions of 

their efficacy should be explored if a fuller understanding of public uptake and support 

of CAMs is to be gained. Respondents in this project were asked about their views of the 

safety and efficacy of CAMs compared with conventional treatments.  

A large majority of the public (68%) and experts (89%) in this project disagreed or 

strongly disagreed that CAM are more effective that conventional medicines (Figure 5.4). 

Only 5% of the public and none of the experts agreed with this statement, suggesting that 

the efficacy of CAMs was largely questioned. The majority of experts (77%) also 

disagreed that CAMs are safer than conventional treatments. More of the public agreed 

that CAMs are safer than conventional medicines, although the proportion was still 

relatively small (25%; Figure 5.4). 

 



 

 

Figure 5.4. Expert, interested public and lay public views of the effectiveness and 
safety of CAMs compared with conventional treatments 

Note: N(expert)=115, N(interested public)=816-818, N(lay public)=661-662. 

Although these results indicate that both the public and experts view CAMs as being 

somewhat safer than conventional medicines, neither group displayed a negative view of 

conventional medicines. Siahpush (1999) suggested that trust in the safety and efficacy 

of natural remedies is a significant predictor of an individual’s attitude toward alternative 

medicines and that individuals who consider CAMs to be safe/effective would be more 

likely to prefer those treatment options and to display a less positive attitude toward 

conventional medicines. However, although most respondents in this project indicated 

that they considered medicines to be helpful and used them willingly (Figure 5.2), 

relatively few respondents preferred CAMs (Figure 5.4). The high proportion of 

respondents in the interested public group who self-reported being knowledgeable about 

drug development is likely to have affected this result. Respondents representing a wider 
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spectrum of the public may have reported a more negative attitude toward medicines (or 

stronger opinion about the safety of CAM).  

A lay public subset was constructed from the collected data (by excluding interested 

public respondents who reported both knowledge and a related background, see Section 

4.3) and compared with the interested public and expert responses. Lay public views 

about CAMs were found to be similar to the views of the interested public (Figure 5.4). 

However, it is clear that experts were more critical of the effectiveness and safety of 

CAMs than either the interested or lay public groups (Figure 5.4).  

The respondents in this survey indicated that although conventional medicines were more 

effective than CAMs, their use was associated with greater risk. Similar results were 

observed in a study by Bissell, Ward and Noyce (2001), who showed that a social 

dependence upon the benefits of medicines for good health was maintained even at a time 

of heightened awareness of the risks of a non-prescription medicine. 

 

5.4 Conclusions 

In this chapter, public and expert attitudes toward the drug development process were 

explored to gain a better understanding of the attitudes toward this field of research, rather 

than the conventional focus on the pharmaceutical industry. The overall level of self-

reported knowledge about the drug development process amongst the public, even within 

this interested public group, was quite low. The relative differences in self-reported 

knowledge that were identified between the lay, interested public and expert groups in 

this project (Figure 5.1) suggests that knowledge amongst the wider general public is 

likely to be limited.  

Despite low levels of knowledge about the drug development process, the vast majority 

(95-99%) of survey respondents, both public and experts, considered drug development 

to be an important field of research and appeared to be relatively accepting of the drug 

development process and the use of medicines. Although there were differences in the 

reasons given by respondents, most indicated that the drug development process is 

important. The need to develop new and/or improved medical treatments for disease in 

order to reduce suffering and improve quality of life was mentioned by more than half of 

the public and expert respondents (Table 5.2). As medicine and medical research is of 
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direct benefit to individuals and society, the reasons that respondents gave for the 

importance of this research were understandably related to its personal impact.  

Although the use of CAMs in Australia is high (MacLennan, Myers & Taylor, 2006; Xue 

et al., 2007), many respondents in this project indicated that they preferred conventional 

pharmaceutical medicines to CAMs. Experts in particular reported a pronounced 

preference for these medicines (and a very low preference for CAMs; Figure 5.1), and 

both public and expert respondents considered medicines to be generally helpful (Table 

5.3). This largely positive attitude and willingness to use conventional medicines is likely 

to be based on the perception that conventional medicines are more effective than CAMs 

(Figure 5.4).  

These results suggest that education and knowledge specifically about the scientific 

concepts behind a product of science or technology can have a considerable effect on 

attitudes toward the drug development process. In their commentary in Nature about the 

public understanding of science, Durant, Evans and Thomas (1989) also found a strong 

association between education and public attitudes toward, interest in and understanding 

of science. They reported that better-informed individuals demonstrated a more positive 

attitude toward science. However, Allum et al. (2008) have suggested that although there 

is a small positive correlation between scientific knowledge and attitudes toward science, 

this relationship varies between different fields of science and technology. For the 

scientific context of drug development that was explored in this project, it is likely that 

the positive view of medicines that was found can be largely attributed to knowledge and 

education. Knowledge appears to be a good indicator of trust in the efficacy and benefits 

of pharmaceutical products and higher education is a significant predictor of CAM use 

(Harris et al., 2012; Frass et al., 2012). In this project, specific topical knowledge of the 

drug development process appeared to be the strongest basis for attitude formation (Table 

5.5). 

A high level of expertise appeared to increase an individuals’ acceptance of conventional 

pharmaceutical medicines, which are the products of the drug development process. This 

may be because an understanding of the rigorous efficacy and safety testing that 

medicines must go through before being registered by the TGA increases an individuals’ 

acceptance of these medicines. Indeed, previous research has shown that the public 

generally believe that CAMs have been proven as safe and effective as conventional 

medicines (MacLennan, Wilson & Taylor, 2002). However, examination of specific 

health-related reasons that individuals gave for their preference for conventional or CAM 
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treatments or their actual history of medicine use were beyond the scope of this project 

and the results presented herein provide only an indication of behavioural intentions. 

Although attitudes are expected to predicate behaviour (Ajzen, 1991; Longnecker, 2016), 

a specific examination of reported behaviour would provide a better understanding of 

medicine use and how it relates to understanding and attitudes about the drug 

development process. 
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6 Motivations and Influences on Drug Development 

Research into scientific knowledge and attitudes toward science includes research into 

the public understanding of scientific practices and the motivations for science (Young & 

Matthews, 2007). Research into scientists’ motivations for research (Venville et al., 2013) 

and commercialisation has increased as the environment for scientific research changes 

and the distinction between public and private research becomes blurred (Wong & 

Westwood, 2010). Previous research has found that the expertise and motivations of an 

individual or organisation, whether actual or perceived, have an influence on whether that 

individual or organisation is perceived as trustworthy; in turn, this level of trust is 

important in determining attitudes toward science and public support (Levi, 1998; Siegrist 

& Cvetkovich, 2000).  

As trust in those who conduct and regulate scientific research is an important precursor 

to public support for science, it is important to explore how the public views scientists 

involved in drug development research. Trust in medical research is often based on the 

perception of scientists’ or organisations’ purposes for their research. If the public 

believes that scientists are conducting research for pro-social reasons, no harm will be 

caused to research participants or patients, and that scientists are honest about the nature 

and purpose of research, they will be seen as trustworthy (Hall et al., 2006). However, if 

the public believes that commercial interests are driving the research process, this trust 

can be lost (Caulfield et al., 2006). In the research reported in this chapter, I explored the 

influence on drug development research objectives that the public attributed to various 

motivating factors and stakeholder groups. I further examined what effect these views 

have on the level of public trust in those stakeholders.  

Motivations of scientists working in universities, PROs, or industry have been explored, 

as have motivations of scientists working in specific fields, such as pharmacy (Sheaffer 

et al., 2008). To the best of my knowledge, however, no research has focused on the 

motivations of scientists working in areas specifically related to the drug development 

process. Therefore this research adds to the existing literature about motivation and trust 

by exploring scientists’ motives for pursuing a career in the field of drug development.  

This chapter also explores whether scientists’ motivations for pursuing a career in 

medicinal chemistry or drug development are aligned with the public perception of the 

scientists’ motivations. It is important to identify and explore any differences that are 

found between scientists’ motivations for work in the area of drug development and the 
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public perception of those motivations, because any difference may have an effect on the 

overall public attitude toward, and acceptance of, the drug development process. 

 

6.1 Public perceptions of stakeholders and their motives; 

Influences on trust 

The public perception of the influence of various stakeholders on the drug development 

process, and their perceived motives and trustworthiness are largely interrelated. To 

address these issues, I asked the following three survey questions: 

 How much do you think these factors currently influence the development of new 

medicines? [list of factors provided] 

 How much influence do you believe these stakeholders have on making the 

decision to develop new medicines? [list of stakeholders provided] 

 How much would you trust these stakeholders to make the decision to develop 

new medicines? [list of stakeholders provided] 

Responses to these questions are used to explore how the perceived motives and 

trustworthiness of various stakeholders influence public trust in the drug development 

process. As these concepts are interrelated, results to each of the survey questions have 

been presented separately and are then discussed collectively at the end of Section 6.1. 

 Motivating factors for drug development 

A list of factors was developed based on literature research and my own understanding 

of the drug development process. When the interested public were asked "How much do 

you think these factors currently influence the development of new medicines?", 

respondents indicated that they thought commercial and pro-social reasons had the 

greatest influence (Figure 6.1). The highest level of influence was attributed to the 

pharmaceutical industry’s profit motive, which was attributed a high influence by 84% 

of respondents. Many of the interested public respondents (54%) also indicated that the 

development of new medicines was highly influenced by directives from the 

pharmaceutical industry, with an additional 34% of respondents indicating that these 

directives had a moderate influence on the drug development process. These factors are 

likely to be strongly interconnected as the profit-motive of the pharmaceutical industry is 

likely to be what guides certain research foci and directives.  
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Figure 6.1. Interested public perception of factors that influence the development of 
new medicines  

Note: N (interested public) = 813-819. 

More benevolent or pro-social motives for drug development research were also ranked 

highly. The motivation to develop treatments for currently untreatable diseases was rated 

as having a high influence by 57% of interested public respondents (Figure 6.1). Other 

benevolent motives, such as efforts to improve the efficacy of existing medicines or to 

provide an overall benefit to society, received a high rating from approximately 35% of 

the public, with a moderate influence rating from another 40% of respondents (Figure 

6.1). These results are similar to a previous study, which found that the public perceived 

the main motivation for medical research to be to improve medical treatments (Hall et al., 

2006). 

Scientists’ personal motives were seen to have less influence on drug development. Only 

11 and 17% of interested public respondents said that personal financial gain or peer 

recognition had a high influence on drug development, respectively (Figure 6.1). 

Scientists’ self-reported personal motivations and a comparison with the public 

perceptions of those motivations are explored in more detail in the following section. 

Using multivariate regression analysis, gender, age and knowledge were found to be the 

best predictors of respondents’ views about factors that influence the drug development 

process (Table 6.1). Interestingly, knowledgeable respondents indicated that intrinsic or 

pro-social motivating factors, such as scientific interest and improving the efficacy of 

medicines, had more influence on the drug development process than respondents who 
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reported being less knowledgeable. In contrast, older respondents (+55 years) were more 

likely to attribute a higher influence to intrinsic or pro-social motivating factors. 

Due to low cell counts in the regression model, regression analysis was not valid for the 

item ‘As-yet untreated’. This item has therefore been excluded from Table 6.1.  

 



Table 6.1. Variables that significantly predicted public views of the influence of various factors on the development of new medicines 

Note: [Odds ratio, (Confidence Interval, low-high), p]; only significant results are presented; Asterisks denote a statistically significant difference between the reference category and other predictor 
categories; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001; cross-hatch indicates that the variable was excluded from the multivariate 
model or that the overall model was not valid. 

 Predictor variable [reference category] 

Motive Gender 
(F) 

Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledgeable 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Industry profit   
 

postgrad: 1.93 (1.15-
3.24),  
p=0.013* 

   
  

Industry directive 0.73 (0.54-0.99),  
p=0.041* 

35-54: 1.97 (1.31-2.96),  
p=0.001**; 
55+: 2.79 (1.65-4.72),  
p<0.001*** 

     

Funding 0.69 (0.52-0.93),  
p=0.014* 

      

Helping people   
   

0.57 (0.42-0.77),  
p<0.001*** 

 
  

Improving efficacy 0.72  (0.53-0.97),  
p=0.030* 

55+: 1.74 (1.08-2.81),  
p=0.023* 

  
0.50 (0.36-0.69),  
p<0.001*** 

  

Scientific interest   55+: 1.87 (1.18-2.97),  
p=0.008** 

  
0.60 (0.42-0.85),  
p=0.004** 

  

Peer/public recognition   
      

Govt. directive 0.48  (0.35-0.64),  
p<0.001*** 

   
0.55 (0.40-0.76),  
p<0.001*** 

  

Public demand   25-34: 0.69 (0.50-0.95),  
p=0.024; 
35-54: 0.62 (0.42-0.90),  
p=0.013* 

     

Scientists’ financial gain   25-34: 0.56 (0.41-0.78),  
p=0.001**; 
35-54: 0.63 (0.43-0.92),  
p=0.016; 
55+: 0.59 (0.37-0.92),  
p=0.020** 

    0.53 (0.39-0.73),  
p<0.001*** 

    

 



 Stakeholders’ influence on drug development 

When asked "How much influence do you believe these stakeholders have on making the 

decision to develop new medicines?", the interested public indicated that the 

pharmaceutical industry has the largest influence on the drug development process 

(Figure 6.2). Of the respondents, 90% said that the pharmaceutical industry had a high 

influence on the decision to develop new medicines. The next largest influence was 

attributed to research scientists, who were considered to have a high influence by 40% of 

respondents. An additional 47% of respondents rated research scientists as having a 

moderate influence on the decision-making process. The general public and consumer 

advocacy groups were ranked as having the least influence, with fewer than 10% of 

respondents considering each of these groups to be highly influential in the drug 

development process. 

 

Figure 6.2. Perceived stakeholder influence on the development of new medicines 

Note: N (interested public) = 814-818. 

To explore whether public views about stakeholder influence on the drug development 

process were dependent on respondents’ personal characteristics, ordinal logistic 

regression was conducted to determine the ability of socio-demographic and medical 

familiarity variables, such as knowledge about the drug development process and 

medicine use, to predict responses (Table 6.2). 

Knowledge and age were the best predictors of respondents’ views about stakeholder 

influence on the decision to develop new medicines. Both knowledgeable and older 

respondents attributed a lower influence to most stakeholder groups (Table 6.2), which 
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suggests that their view of these stakeholders’ influence on the process may be tempered 

by their own expertise and experiences, respectively. 



Table 6.2. Variables that significantly predicted public views of the influence that different stakeholder groups have on the development of new 
medicines 

Note: [Odds ratio, (Confidence interval, low-high), p]; Asterisks denote a statistically significant difference between the reference category and other predictor categories; only significant results are 
presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001. 

 Predictor variable (reference category)      

Stakeholder groups Gender 
(F) 

Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledgeable 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Scientists 
 

25-34: 0.58 (0.42-0.82),  
p=0.002* 
35-54: 0.56 (0.38-0.83),  
p=0.004* 
55+: 0.75 (0.47-1.21),  
p=0.006** 

  
0.58 (0.42-0.80),  
p=0.001** 

  

NGOs 0.73 (0.54-0.98),  
p=0.035* 

      

Government 0.57 (0.42-0.76,  
p<0.001*** 

   
0.67 (0.49-0.92),  
p=0.014* 

  

Doctors/nurses 
 

25-34: 0.61 (0.44-0.84),  
p=0.003** 
35-54: 0.62 (0.42-0.92),  
p=0.018* 

  
0.57 (0.41-0.78),  
p<0.001** 

  

Pharmacists 0.66 (0.49-0.88),  
p=0.005** 

25-34: 0.54 (0.38-0.78),  
p=0.001** 
35-54: 0.48 (0.31-0.74),  
p=0.001** 
55+: 0.48, 0.30-0.79 
p=0.004** 

  
0.47 (0.34-0.65),  
p<0.001*** 

  

Mass media 0.74 (0.55-0.98),  
p=0.035* 

25-34: 0.63 (0.44-0.91),  
p=0.011* 
35-54: 0.60, 0.40-0.90,  
p=0.014* 

tech.: 2.35 (1.41-3.94),  
p=0.001* 

 
0.66 (0.48-0.90),  
p=0.009* 

  

Public 
 

25-34: 0.59 (0.42-0.81),  
p=0.001** 
35-54: 0.43 (0.29-0.64),  
p<0.001*** 

  
0.53 (0.38-0.73),  
p<0.001*** 

  

Consumer groups 0.53 (0.39-0.72),  
p<0.001*** 

25-34: 0.58 (0.42-0.82),  
p=0.002** 

  
0.56 (0.40-0.78),  
p<0.001** 

  



Almost all interested public respondents rated the influence of pharmaceutical companies 

as high (Figure 6.2); as a result, regression analysis was not valid for this item and it has 

been excluded from Table 6.2.  

 Trustworthiness of stakeholders involved in drug development 

In Surveys 1 and 2, respectively, both the interested public and experts were asked "How 

much would you trust these stakeholders to make the decision to develop new 

medicines?" Both groups reported a higher level of trust in research scientists than any 

other stakeholder (68 and 66% high trust, respectively; Figure 6.3). The interested public 

also reported high trust in medical and health professionals (doctors, nurses and 

pharmacists) and non-government organisations (NGOs) to make decisions about drug 

development. Each of these stakeholders was rated as highly trusted by more than 40% 

of the interested public respondents. Experts also reported high trust in medical and health 

professionals and NGOs; interestingly, results suggest that experts rank NGOs as more 

trustworthy than medical professionals (55 vs. 40% high trust, respectively; Figure 6.3). 

Many of the experts also trusted the pharmaceutical industry to make decisions about 

drug development, with 30% of experts reporting high trust and another 52% reporting 

moderate trust in this stakeholder. 

Mass media and the general public were the least-trusted stakeholders regarding drug 

development for both the interested public and experts (Figure 6.3). Only 4% of the 

interested public and 11% of experts reported high or moderate in the media, and only 

19% of the public and 11% of experts reported high or moderate trust in the general 

public.  
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Figure 6.3. Trustworthiness of various stakeholders to guide drug development  

Note: Statistical significance for Chi square tests is shown, * p<0.05, ** p<0.01, *** p<0.001; parentheses for results 
of mass media indicate that the fit of the Chi square test may not be valid and significance for this stakeholder group 
is indicative only; N (interested public) = 809-816, N (expert) = 114-115. 

Chi square tests for independence were used to identify significant differences between 

the interested public and expert responses about the trustworthiness of stakeholders. The 

public were found to be significantly more trusting of medical professionals and 

consumer advocacy groups; 51% of interested public respondents reported a high level 

of trust in doctors/nurses, compared with 40% of experts who trusted doctors/nurses 

highly (χ2 (df=3, n=769)=7.94, p=0.047, phi=0.102). Public trust in consumer groups was 

also higher than expert trust (χ2 (df=3, n=743)=14.94, p=0.002, phi=0.142).  

In contrast, experts were significantly more trusting of the pharmaceutical industry, and 

government and non-government organisations. Previous studies have shown that trust in 

government and trust in industry are linked (Bord & O’Connor, 1992). Only 5% of the 
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interested public reported a high level of trust in the pharmaceutical industry, compared 

with 30% of experts (χ2 (df=3, n=771)=139.13, p<0.001, phi=0.425). The trustworthiness 

of NGOs was rated highly by 55% of the expert respondents, and 43% of the public; an 

additional 40% of respondents in each cohort rated a moderate level of trust (χ2 (df=3, 

n=761)=14.69, p=0.002, phi=0.139). The government was seen to be less trustworthy 

than NGOs overall, but was more trusted by experts (11% high) than by the public (4%) 

(χ2 (df=3, n=758)=10.41, p=0.015, phi=0.117).  

Multivariate regression analysis of the interested public responses was used to explore 

whether socio-demographic characteristics or medical familiarity predicted trust in the 

different stakeholder groups. Age, education, knowledge and medicine use were found to 

be significant predictors of trust in stakeholders (Table 6.3). Older respondents were more 

likely to rate a higher level of trust in consumer advocacy groups, the public and the mass 

media. However, older respondents’ were also less trusting of research scientists and 

medical professionals. Results also indicated that as length of time taking prescription 

medicines increased, the interested public trusted medical professionals (doctors, nurses 

and pharmacists) and NGOs more highly. The interested public’s trust in consumer 

advocacy groups and the general public to make decisions regarding drug development 

was negatively correlated with their knowledge about the process (OR 0.62** and OR 

0.69*, respectively; Table 6.3). Respondents without a university education were less 

likely to trust the government or NGOs (OR 0.51-0.61*; Table 6.3). 

Due to low cell counts in the regression model, regression analysis was not valid for the 

item, pharmaceutical industry. This item has therefore been excluded from Table 6.3. 

 



Table 6.3. Variables that significantly predicted public trust in certain stakeholders to guide the development of new medicines 

Note: [Odds ratio, (Confidence interval, low-high), p]; Asterisks denote a statistically significant difference between the reference category and other predictor categories; only significant results are 
presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001. 

 Predictor variable (reference category) 

Stakeholder  Gender 
(F) 

Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledgeable 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Scientists   25-34: 0.64,(0.43-0.97),  
p=0.033*;  
35-54: 0.38, (0.25-0.60),  
p<0.001***;  
55+: 0.42 (0.25-0.71),  
p=0.001*** 

     

Doctors/nurses   25-34: 0.58 (0.41-0.83),  
p=0.002*;  
35-54: 0.47 (0.32-0.70),  
p<0.001***;  
55+: 0.38 (0.23-0.63),  
p<0.001*** 

    
3-10 m: 2.80 (1.22-6.42),  
p=0.015*;  
5-10 y: 2.37 (1.17-4.81), 
p=0.017** 

NGOs   
 

tech: 0.52 (0.31-0.87),  
p=0.014* 

   
3-10 m: 2.53 (1.16-5.52),  
p=0.020*;  
10+: 1.60 (1.06-2.41),  
p=0.025* 

Pharmacists   25-34: 0.69 (0.50-0.95),  
p=0.024*;  
35-54: 0.55 (0.38-0.81),  
p=0.002**;  
55+: 0.44 (0.27-0.74),  
p=0.002** 

    
10+ y: 1.72 (1.12-2.65),  
p=0.014* 

Consumer groups 0.68 (0.51-0.90),  
p=0.008** 

35-54: 2.04 (1.39-3.01),  
p<0.001***;  
55+: 2.54 (1.62-3.98), 
p<0.001*** 

  
0.62 (0.45-0.84), 
p=0.002** 

  

Govt.   
 

secondary: 0.61 (0.40-
0.94),  
p=0.025*;  
tech: 0.51 (0.31-0.83), 
p=0.007** 

    

Public   55+: 2.26 (1.43-3.56), 
p<0.001*** 

  
0.69 (0.50-0.95),  
p=0.023* 

  

Mass media   55+: 2.25 (1.35-3.75),  
p=0.002*** 

     



 How do the perceived motives of various stakeholders influence 

trust? 

In this project, despite research scientists being seen to have considerably less influence 

on the drug development process than the pharmaceutical industry, scientists were ranked 

by both the public and experts as the most trustworthy stakeholder group. Scientists’ 

expert knowledge, combined with the perception that they are motivated to contribute 

knowledge for the public good rather than for personal gain (Eiduson, 1962; Cotgrove, 

1970), is likely to have contributed to the high level of trust that was reported for this 

stakeholder group. It is reasonable to presume that both scientists and the pharmaceutical 

industry would be seen to have similar levels of expertise and competence in drug 

development research; thus, the differing level of trust between scientists and the 

pharmaceutical industry that was identified in this project can likely be attributed to the 

difference in the perceived motives of the respective groups. Scientists’ motives for drug 

development research and the perceived differences between scientists and the 

pharmaceutical industry as a whole are explored in more depth in the following section 

(Section 6.2). 

Like other research showing that the public can be distrustful of government (MORI, 

2013), both the interested public and expert respondents in this project indicated that the 

government was considered to be much less trustworthy than NGOs (Table 6.3). 

However, the trustworthiness of medical professionals and non-government organisations 

was rated relatively highly by the public respondents in this project, particularly those 

who reported experience taking prescription pharmaceutical medicines. As the use of 

prescription pharmaceutical medicines necessarily involves some form of personal 

relationship with medical professionals through the prescription and distribution of 

medicines, this relationship may have increased the level of respondents' trust in these 

stakeholders. Other studies have shown that the public has a high level of trust in doctors, 

nurses and teachers (MORI, 2000; Doran, Robertson & Henry, 2005; MORI, 2013). 

Medical professionals are seen as experts who support their patients’ best interests and 

are open about the risks and benefits of medicines. The openness of medical professionals 

is in contrast to reports of the pharmaceutical industry lacking transparency and bias in 

the reporting of clinical trials (Dwan et al., 2013).  

In a study of public trust associated with the development of contaminated land, expertise 

was found to be a less important predictor of trust than openness and shared interests 
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(Eiser et al., 2009). The expertise of scientists working in the field appeared to be taken 

for granted, and because they were viewed as being independent, open and sharing 

common interests with the public, they were seen to be trustworthy. Trade unions, which 

play a similar role to consumer advocacy groups, were also shown to be trusted by the 

public because they more closely represent the interests of the public (Eiser et al., 2009). 

However, the results of my research suggest that consumer advocacy groups were seen 

as less trustworthy than medical professionals. This difference in trust may be in part if 

advocacy groups are perceived as being less impartial than doctors or prescribers. Indeed, 

experts and the interested public respondents who identified themselves as 

knowledgeable about drug development reported a lower level of trust in consumer 

advocacy groups. These knowledgeable individuals are likely to be more mindful of the 

potential bias or agenda held by certain consumer advocacy groups, and therefore will 

rely less on motivation judgements and more on perceived impartiality in determining the 

trustworthiness of stakeholders. 

Overall, the responses to the survey questions about trustworthiness and the factors and 

stakeholders that influence decisions about drug development suggest that the 

pharmaceutical industry is perceived to have considerable influence on the drug 

development process, both in terms of initiating the decision to develop a particular 

medicine and directives to further develop existing medicines. However, despite the 

expertise of the pharmaceutical industry, the interested public in this project did not 

express much trust in this industry. This lack of trust is likely due to the public perception 

of pharmaceutical companies as being driven by self-interest and profit, rather than pro-

social factors. This common narrative thread is highlighted in Ben Goldacre's (2013) 

popular science book Bad Pharma, which criticises the pharmaceutical industry for 

withholding research data and thereby contributes to public uncertainty and distrust about 

this stakeholder. 

The lack of trust in the pharmaceutical industry is also seen in public criticism of lifestyle 

drugs and vaccines. Lifestyle drugs, which are being increasingly developed and 

aggressively marketed, are often seen as an unnecessary use of resources, aimed primarily 

at increasing industry profit margins (Croghan & Pittman, 2004; Busfield, 2006; Keefe 

& Zacher, 2008; Bradfield & El-Sayed, 2009). The view that profit motives drive 

unnecessary research is seen in other scientific disciplines, with a previous study 

suggesting that the public believes profit motives are responsible for biotechnology 
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developments being focussed on more ‘trivial’ applications of that field (Dietrich & 

Schibeci, 2003).  

Public concern about the safety of vaccines and the associated distrust in stakeholders 

involved in this area, such as the makers and regulators of vaccines, is an ongoing and 

serious matter (Larson et al., 2011; Dubé et al., 2013; Yaqub et al., 2014); however, a 

discussion of this issue is beyond the scope of my research.  

Overall, results of this project suggest that lower levels of public trust in the 

pharmaceutical industry are due to public perception of an industry focus on profit, rather 

than more pro-social efforts to develop medicines for neglected or untreated diseases. 

 

6.2 Scientists’ motivations for drug development 

Of the stakeholders discussed in this project, scientists and the pharmaceutical industry 

are likely to have the highest level of expertise regarding the drug development process. 

However, public attitudes and trust are, in general, largely based on the perceived 

motivations of a group, rather than competence and expertise. Scientists were ranked as 

the most trusted stakeholders and were seen to have a relatively large influence on the 

drug development process. To gain a better understanding of the factors that motivate 

scientists to pursue this area of research and to determine whether these motivations are 

similar to the public perceptions of what motivates scientists to undertake research, these 

issues were explored further in 12 interviews with chemists working in areas related to 

drug development. As described in Chapter 3, these expert interviewees predominantly 

had a medicinal chemistry background and were working in academic or industry roles. 

They were asked to reflect on their early interest in science and to describe any factors 

that had influenced their choice to study and pursue a career related to the drug 

development process.  

Thematic coding was used to categorise the positive motivating factors that interviewees 

cited for pursuing a career in the area of drug development into ten factors. The majority 

of interviewees mentioned being intrinsically interested in this scientific process (n=9) 

and/or valuing the tangible application or outcome (n=8) of this type of research (Table 

6.4). Other intrinsic and pro-social motivations (e.g., personality traits, medical history, 

advancing knowledge) were also mentioned by a number of interviewees.  
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Table 6.4. Expert interviewees’ motivations for work related to drug development  

 Industry PRO University Total 

 Motivating factor E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12  

Interest * * * *   *  * * * * 9 

Applicability  * * * * * *  *   * 8 

Personality traits *    * *     *  4 

Advancing knowledge      *    *  * 3 

Benefit society *   *       *  3 

Medical history      *   *  *  3 

Satisfaction *      *  *    3 

Publishability    * *        2 

Peer recognition          *   1 

Collaborations       *      1 

 

Lam’s (2011) classification of scientists’ motivations as puzzle, ribbon or gold was used 

to explore the responses of these expert interviewees. This classification is appropriate 

because the line between intrinsic and extrinsic motivations can be blurred in science. For 

example, a scientist’s desire for peer recognition is not a purely extrinsic reward; there is 

often a pro-social or intrinsic interest in the desire to publish and promote the application 

of research. In Lam’s classification, the ‘puzzle’ encompasses mainly intrinsic 

motivations. In this project, many interviewees mentioned ‘the puzzle’ as a motivation 

for the pursuit of a career in this field, including a childhood interest in scientific concepts 

or an enjoyment of scientific logic. The ribbon or gold more commonly includes extrinsic 

motivators or rewards. In these interviews, the ‘ribbon’ was conceptualised as recognition 

of work in the form of publications or new collaborations. The ‘gold’ or financial gain 

was only referred to in passing when interviewees mentioned that this was not a 

significant motivating factor.  

 The puzzle: personal and intrinsic motivations  

A very high level of autonomous, intrinsic motivation was described by the expert 

interviewees. Nearly all interviewees (n=9) reported that that they find chemistry and the 

scientific process intrinsically interesting and that they enjoy carrying out the research 

process for its own sake. This enjoyment stemmed from the opportunity to pursue the 

challenge of drug discovery, their fascination with the process and the satisfaction they 

gained from achieving a goal and solving a puzzle. 
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Medicinal chemistry incorporates a wide, a number of aspects of 

chemistry, but it also incorporates a lot of biology and human biology. And 

it’s fascinating. The more you learn about how the body works, the more 

amazed I become. So that’s fascinating. (E7, PRO) 

The challenge of drug discovery was likened to a jigsaw puzzle by most of the experts 

interviewed as part of this project, and the satisfaction they gained from solving that 

puzzle contributed to their interest in the area.  

It’s like a jigsaw puzzle that’s never ending. So no matter how much you 

finish, you realise you’ve only just started really. It’s a constant, it’s a 

constant challenge. So I just like a constant challenge. And even now 

[having just retired], ... I still enjoy the challenge as much as I’ve ever 

enjoyed it. (E1, Industry) 

That’s definitely one of the aspects, the puzzle solving. Trying to work out 

[the process], you know, the planning. (E4, Industry) 

The challenge is to develop the drug, not just to make the compound. But 

you have to be a good chemist to make the compound in the first place, 

otherwise you can’t do anything downstream. So the challenge is to beat 

the disease ultimately. (E2, Industry) 

Others commented on the intrinsically creative nature of research as being a strong 

motivating factor. 

It’s creative, and it’s challenging. As you know, it doesn’t work all the 

time. (E9, University) 

The whole drug design process is exceedingly creative. It’s a very creative 

science and I think that’s probably not very well understood even in other 

fields of science, let alone in the general public. So the identification of a 

problem that you want to address in the design of small molecules that will 

address that problem, then design the molecules that are actually 

synthesisable, is a very creative process. (E7, PRO) 

The interest and satisfaction that experts gained from the creative research process and 

attempting to solve the puzzle, as well as the sense of achievement that was derived from 

successfully reaching a desired target or potential new lead compound, were mentioned 

repeatedly by the interviewees. 

Usually if you stick at it you can eventually pull it off. It’s one of those 

things where if it comes easily, no big deal. But if you put a lot of effort in 

and you finally achieve your goal then it’s quite rewarding. (E9, 

University) 

Amongst my colleagues here, we talk about this quite a bit. It always boils 

down to that, that one thing where you’ve designed and worked out how 

to make compounds. And you make them, and they’re pure and they’re the 

right thing. And then you put them through a series of assays, and at the 

end, once you get to a certain stage - especially the whole organism, some 
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sort of whole organism - and it works. That is, that’s it, that’s what 

motivates us. (E7, PRO) 

Typically, success in drug development research is seen as the commercialisation of a 

drug candidate. However, these interviews clearly show that scientists are also motivated 

by the satisfaction that comes from solving a research puzzle. Some interviewees said 

that they derived satisfaction from goals that could be reached early in the drug 

development timeline, such as the development of a successful synthetic route to a 

compound with anticipated biological activity. A number of the interviewees also 

indicated that the development of a drug candidate was unlikely to occur as a direct result 

of their research, but that success, to them, was not solely dependent on that goal.  

I’m realistic enough to think that the type of work that we do here will 

probably in my lifetime never really end up in a commercially available 

drug. But ... I don’t necessarily see it as the sole purpose of [what I’m] 

doing here. ... Just to make these little small contributions I think is 

valuable. (E12, University) 

Once an active compound has been proven successful during in vitro biological assays 

and is advanced to the next stages of the development process, the role of the research 

chemist is limited and biologists and/or clinical researchers become involved. The 

duration of the development process and the number of stakeholders and different 

scientific disciplines involved means that an interest in the research process and earlier 

achievements is just as important a motivator as the potential end product, if not more so; 

and this creative work inherently provides its own reward. 

The interviewees’ many references to the interest and satisfaction they gained from their 

work support earlier findings that the desire to answer questions and solve puzzles is an 

intrinsic and characteristic trait of scientists (Eiduson, 1962; Hagstrom, 1975) and that 

scientists find their job satisfying (Blackburn & Lawrence, 1995). Many of the 

interviewees stated that their interest in science stemmed from childhood: 

I had a natural interest in things scientific and things natural from a fairly 

early age. And so it was just what I found interesting. ... I went through 

various interests, whether it was cloud formation or frogs ... my family 

used to stir me about my various passions and phases that I’d go through. 

But they always were of a natural scientific sort of origin. Yeah, so I was 

naturally always interested in nature I guess, which is science. (E5, PRO) 

I distinctly remember something we did in an experiment in our science 

class [in high school] where we took a little crystal and dissolved some salt 

in water and then boiled off the water and the salt was there. And I 

distinctly remember being astonished by that, which seems ridiculous now 

as a chemist. But at the time that experiment really spoke to me I guess 
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about having a theory and doing an experiment and seeing the result. (E6, 

PRO) 

It has been documented that enjoyment is a motivating factor that underpins creative and 

inventive behaviour (Loewenstein, 1994; Csikszentmihalyi, 2008). It is also known that the 

production of fundamental knowledge is enjoyable (Levin & Stephan, 1991). Many of 

the interviewees expressed how enjoyable their work was and referred to their continuing 

interest in their work, whether that was related to the specific disease area that they were 

focused on or to the process of chemical research in general. This enjoyment was revealed 

by the use of positive and emotive words such as "terrific", "rewarding", "interesting" and 

"meaningful".  

If an interesting project comes along I don’t really care what disease it is, 

it’s just the process of designing new compounds and evaluating their 

biological activity that’s interesting. (E9, University) 

I just love chemistry and looking at the things that plants in particular, 

elaborate. I find it very, just intrinsically interesting and meaningful. (E11, 

University) 

I enjoy what I do, I think I’m incredibly lucky to be able to do it. Yeah, it’s 

a lot of fun. (E8, PRO) 

Expertise was also an important motivating factor for some of the interviewees.  

The idea of, I guess [from] an ego standpoint, I like the idea of being an 

expert, a specialist in something. (E6, PRO) 

The opportunity to contribute to the advancement of knowledge in the field and to be a 

pioneer by contributing "a nice piece of science" (E10, University) were described as 

motivating factors, and contributed to the interviewees’ achievement and personal 

growth. In their Two-Factor Theory of motivation, Herzberg, Mausner and Snyderman 

(1959) described motivating factors such as achievement and personal growth as higher-

level psychological needs that contribute to job satisfaction. 

In a more recent study of the personality traits that distinguish scientists from non-

scientists, scientists scored highly on intrinsic motivation, but also scored highly on trait 

such as tough-mindedness (Lounsbury, et al., 2012). Tough-mindedness can be described 

as the appraisal of information and making decisions based on logic, facts and data rather 

than feelings, values and intuition and it is a characteristic and distinguishing trait of 

scientists (Feist, 2006). As science is "reliant on objective facts, impersonal logic, critical 

thinking skills, and rational decision making" (Lounsbury, et al., 2012: 49) it is closely 

aligned with tough-mindedness. 
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A number of the interviewees in this project, when discussing their early interest in 

science, stated that their own disposition was to be analytical, objective and logical. They 

recognised in themselves the typical personality traits they believed were possessed by a 

scientist and stated how their work was "like a logic problem that you’ve got to solve" 

(E9, University).  

It’s a way of classifying and categorising stuff. I’ve got one of those minds 

that likes to put things in a box. To categorise, classify, you know, analyse. 

(E11, University)  

Interviewees said that they could identify these personality traits in themselves even when 

they were children; their interest in science could be traced back to childhood and being 

"naturally always interested" in science (E5, PRO). Tough-mindedness is also a trait that 

has been observed in early childhood (Matheny Jr. & Dolan, 1980). It is likely that these 

traits were inherent to the personalities of these interviewees, but their interest and further 

training in science is also likely to have reinforced those traits and their interest in science. 

 The ribbon and gold: recognition and reward 

As well as ‘the puzzle’ as a motivation for research, and their personal and intrinsic 

interest in their field, other motivating factors were mentioned by the interviewees. 

Currently, scientific success, in academia more so than in industry, is largely measured 

by the number of publications and citations that a scientists attains (Jindal-Snape & 

Snape, 2006; Allen & Katz, 1992; Clarke, 2002; Jeans & Murphy 2009). In general, the 

goal of scientific work "is to establish priority of discovery by being first to communicate 

an advance in knowledge" (Lam, 2011: 1354). The prompt publication of research 

findings and recognition of that work, determined by the number of citations, is therefore 

very important to academic success. 

Peer recognition, which is a motivator in the Two-Factor Theory of motivation (Herzberg, 

Mausner & Snyderman, 1959) and a ‘ribbon’ according to Lam’s (2011) classification of 

scientists’ motivations, was noted by the interviewees as having an impact on their 

motives. The data collected from interviewees in this project, from scientists working in 

PROs, academia and industry, suggest that the professional recognition that is gained 

from the publication of research and citation by peers is a stronger motivator than either 

financial return, public recognition or award. For example, one interviewee referred to a 

desire for his research to be recognised as a "great piece of work" (E10, University). 



 

 193 

The ‘publishability’ of scientific research was also an important motivator, particularly 

for the scientists working in PROs or industry environments, who were often limited in 

their capacity to publish. One of the chemists working at a chemical synthesis company 

mentioned a continued interest in the ‘ribbon’ reward of publications, despite the fact that 

his capacity to publish research findings was often limited by confidentiality concerns 

regarding his work. 

I am interested in publications and one of the good things about working 

on this particular project is we will get the chance to publish. As opposed 

to when sometimes when you work for other clients ... obviously, we need 

to be confidential and you can’t talk about what you’ve been working on 

or even who you’re working for. (E4, Industry) 

This result is similar to another Australian study, in which scientists working at public 

research organisations were found to be less interested in material gain and more 

interested in rewards that fit a traditional scientific ethos, such as the professional 

recognition of a contribution to the advancement of knowledge (Wong & Westwood, 

2010). 

In contrast to peer recognition from the scientific community, which is a motivating factor 

for research, interviewees indicated that the lack of recognition from the public meant 

that wider public recognition was rarely a motivator for these scientists. 

You want someone to come up to you and comment to you ‘oh that was a 

great talk’ or ‘that was a great piece of work’. That’s what, that’s how you 

get around. I mean yes, you might have developed a compound that cures 

the worlds’ AIDS epidemic, you’ll be known and that. But again, if you 

go to the public, the public don’t know who you are. ... And so when it 

comes down to it, only the academic community matter. (E10, University) 

The presence of an "egoistic passion" for research has been suggested to comprise of an 

intrinsic enjoyment of research itself plus an extrinsic ambition for some external reward, 

either fame or fortune (Shane, Locke & Collins, 2003). While none of the experts 

interviewed during the course of this project could be classified as being exclusively 

motivated by the ‘ribbon’ or ‘gold’, a number of the university academics referred to a 

combination of internal and external motives for the projects they chose to work on. One 

interviewee, in addition to revealing an interest in "synthesis for the sake of synthesis" 

(E9, University), mentioned the possible financial benefits of commercial drug 

development; not for personal gain, but for the advancement of his research capacity. 

I’m interested in working on diseases that have a virtually microscopic 

market. ... But I’m also interested in working on diseases that have a large 

market ... because, well there’s a number of reasons. One of those being 
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that you’ve got a better chance to impact the lives of more people, the other 

one being that if anything comes to fruition there’s a chance to make some 

money from it. And that could be money to help run a lab for example. 

(E9, University) 

Another of the interviewees who worked at a PRO compared the rewards of immediate 

and delayed publications. He said that he valued being able to publish more freely in areas 

that received less attention from the research community and that were less restricted by 

patent or confidentiality concerns. In areas that receive more industry funding and 

research attention, although they are likely to receive greater peer and public attention, it 

is more difficult to publish due to private interests and the need for research 

confidentiality. 

An increasingly important factor is publishability of our research and 

probably that’s where the neglected disease area is almost a bit of an 

advantage. Because it’s not a big market, there’s not as many intellectual 

property sensitivities and we can publish relatively freely. In the anticancer 

area it is harder [to publish]. So some of our most successful [anticancer] 

research we haven’t actually been able to publish yet because it’s still 

under lock and key because our [industry] partners naturally want to 

progress as far as they can [before releasing results]. ... But the parity is 

that when it does get published there is so much investment that went into 

it that it’ll be spectacular sort of results and publications. So that’s if you 

like the attractive side of it. (E5, PRO) 

One interviewee made reference to the fact that medicinal chemistry research is often 

overlooked by both peers and the public, and that medical research or the pharmaceutical 

industry is often awarded the attention and recognition for discoveries made by medicinal 

chemists. However, he went on to emphasise that it was the puzzle and his intrinsic 

interest in chemistry that had a strong influence on his choice to pursue this type of career, 

rather than recognition, which was not always received. 

It’s irksome to see how all the hard and creative work of medicinal 

chemists gets claimed by medical researchers and medicos. And that when 

the good news comes out in the media its some medico who tested the 

compounds that gets the glory. And the guys who actually did all the hard 

creative work in the background, they’re kept in the background. (E7, 

PRO) 

[But] we wouldn’t have any medicinal chemists if that was the 

circumstances [for why we do this research]. ... The most thrilling thing 

for a medicinal chemist is having designed a compound, worked out how 

to make it, or a set of compounds, you send it away for it to be tested and 

you get, let’s say as far as animals, and that that’s just... that’s the best. 

That’s the best thing. It’s a real thrill. And yeah, so I guess we’re not 

motivated by getting our mugs on the TV. (E7, PRO) 
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Although the ‘ribbon’ of peer recognition is a widely recognised motivating factor for 

scientists, the pursuit of financial gain is often seen as being a less accepted motivation. 

In these interviews, there were few direct references to the ‘gold’ as a motivating factor. 

Like Jindal-Snape and Snape (2006), who found that incentive schemes were not a 

motivating factor for a large majority of scientists at a government research institute, very 

few of the expert interviewees mentioned a direct interest in financial reward, and those 

that did so tended to focus on the potential for obtaining research funding, or the pro-

social aspects of commercialisation, rather than personal gain. For example, one 

interviewee working at a medical research institute was very open that he was motivated 

to pursue research funding and commercialisation. However, there was a clear message 

that this funding would have wider social benefits, as opposed to personal reward, as it 

may result in a drug candidate progressing to market approval. 

Investment is possibly a bit more possible from drug companies if you’re 

good at what you do. And with getting pharmaceutical involvement, 

there’s a real thought that you could actually get to the stage of helping get 

something to market. (E5, PRO) 

Another interviewee ascribed external motivations such as fame or money to "others", 

indicating although this factor might be important for other scientists, it was not important 

to him. Financial reward, although not the only motive he mentioned, was raised by this 

interviewee multiple times, suggesting that it was somewhat important or at least 

something that he was conscious of.  

I think for some medicinal chemists a motivation is that they think they 

can make money out of it. Some in academia. Yeah I mean if you’re 

working in the pharmaceutical industry, at least in a Western country, 

you’re probably getting a decent salary, although you’d need to be in 

management to be getting big salaries. (E9, University) 

Personal monetary gain is not ‘supposed’ to be a motivation for academic research (Lam, 

2011), and the interviewees made no mention of this as a motivating factor. However, it 

should be acknowledged that the influence of personal income as a motive for research 

may be under-reported in this project because of a social-desirability bias (Moorman & 

Podsakoff, 1992). Although discussion about money as a motivating factor for a 

behaviour is thought to be uncomfortable for the subject because it involves an admission 

of a materialistic focus, the indirect references to financial gain during these interviews 

suggest that the interviewees were conscious of the benefits of financial gain.  
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 Pro-social behaviour and tangible outcomes 

Previous studies have shown that scientists with an intrinsic interest in the intellectual 

challenge of science are likely to pursue more basic, pure research, whereas those with a 

strong interest in contributing to society and who demonstrate pro-social behaviours are 

more likely to work on applied questions (Sauermann, Cohen & Stephan, 2010). 

Medicinal chemistry, which is a major component of the early stages of the drug 

development process, spans both of these traits. The process of synthetic chemistry allows 

scientists to engage their intrinsic interest in the intellectual challenge of science and the 

research puzzle. The final outcome, the potential to develop a new medicine, allows them 

to apply their knowledge to research that has a tangible benefit to society. In these 

interviews, there was a clear indication that the medicinal chemists who were interviewed 

were interested in both the intrinsic challenge of their research and the potential pro-social 

outcomes.  

Pro-social motivation in a scientific setting has been described as a "desire to expend 

effort to benefit others and society in the context of both academic and entrepreneurial 

science" (Lam, 2011: 1365). The potential to develop a product that was of benefit to 

wider society was an important motivation for many of the interviewees.  

I liked the organic chemistry, I also liked the idea of actually doing 

something useful with it. (E4, PRO) 

I always felt that I wanted to ... employ my chemistry skills in an applied 

manner, to actually use pure research training but to address a problem. 

And I guess problems in health and medicine were particularly attractive 

to me. (E6, PRO) 

Perhaps there’s no such things as pure altruism, but there is a degree of 

altruism that I think is required to be in health sciences and the health 

profession. (E11, University) 

The real questions are: Are we doing it for the right reasons? Is the disease 

sort of important? (E10, University) 

Three of the interviewees revealed that a personal or family member’s medical history 

prompted their awareness of the benefits of medicines and contributed to their interest in 

this area of research. Two interviewees said that a parent’s diagnosis with a serious 

disease at a significant time during their education prompted them to pursue a career in 

medicinal chemistry and drug development.  
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My dad was diagnosed with Parkinson’s disease so I wanted to know more 

about medicinal chemistry ... There was a chance perhaps, if I got lucky, 

that I could actually do some research that might impact on his disease in 

his lifetime. (E9, University) 

Just after I started [my PhD] Mum was diagnosed with pancreatic cancer 

and Dad was also about the same time diagnosed with lung cancer. So there 

was, you know, it was a fairly significant thing. So that’s I think part of the 

motivation.  (E11, University)  

One interviewee stated that his own childhood experience with asthma and the 

effectiveness of the medication (Ventolin) led to an interest in medicines. 

I was always attracted to medical research because of my own history; I’m 

asthmatic and so struggled with that as a child until Ventolin came on-

board. And I just thought that was such an amazing drug, that you could 

inhale this drug and just feel so much better within 10 seconds. ... On a sort 

of personal level, I guess making medicines seemed like an obvious thing 

to do. (E6, PRO) 

The personal history of these expert interviewees was an important motivating factor for 

their choice of career path. In other studies, a sense of relatedness has been found to 

increase an individual’s connection to others, in turn promoting pro-social motivations 

(Pavey, Greitemeyer & Sparks, 2011). In this project, the interviewees’ direct connection 

to various medical issues led to an interest in helping those around them, particularly in 

the case of the two interviewees whose parents had been diagnosed with serious illnesses.  

Overall, many of the interviewees indicated that it was the combination of both pro-social 

and intrinsic motives that had influenced their choice to work in areas related to drug 

development. 

You can’t divorce the fact that you are ultimately helping people, you can 

come up with medicines to help people, and that’s very satisfying. And 

that’s kind of the end game. But its so hard to do, you’ve got to find... If 

that were the only thing that drove you, just getting product to the market, 

it’d be very depressing because so few chemists are successful. You know, 

just a handful of chemists out of the tens of thousands working in the area. 

So you have to, you have to enjoy the science as much as the end point. 

But when you get to the end and your drug actually works, it helps people, 

I reckon that’s terrific. (E1, Industry) 

Interestingly, one of the experts who worked at a chemical synthesis company said that 

although his interest in the process of synthetic chemistry remained, his motivations had 

changed since entering the field and he was now more strongly motivated by the potential 

to develop a useful end product than by the research process itself. 
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Certainly these days it’s the end game of creating a drug. I mean I do enjoy 

synthetic chemistry as a subject but I’m much less interested in details of 

chemical transformations that I am in creating something that might then 

be used as a potential pharmaceutical down the track. That’s my main 

interest. For sure, yeah. And that’s evolved over time. I guess because I 

was exposed so heavily to synthetic chemistry initially and I’m sort of 

comfortable with my knowledge about that. [But] I do like having that kind 

of end final use of something you do, its not just esoteric, like, out-there 

research that no one really cares about. (E3, Industry) 

 Commercialisation 

Studies have shown that there has been increased pressure on scientists working in public 

organisations to commercialise scientific research (Jacob, 2006; Turpin & Garrett-Jones, 

2000; Simpson, 2004). Although this is often seen as a constraint to academic freedom, 

some of the interviewees indicated that the commercialisation of research via a tangible 

end product was the ultimate goal of this research field. They indicated that the increased 

opportunity to commericalise their research if working in the industry sector or PROs was 

a motivating factor. 

I like the concept of the research that I do would ultimately lead to a 

product that could be useful in the clinic and with patients. And the reality 

there is that there has to be a product that has some commercial potential, 

because otherwise there’s no incentive for a company to put in the money 

for a clinical trial, manufacture the compound. So, one aspect there is that 

I’m looking to do research that’s novel and patentable so that it is 

commercially attractive at one level. But the other thing is that it’s novel 

from scientific perspectives. So in addition to trying and improving the 

quality of life for particular patients, I’m also looking to you know, 

generate new science, and to understand more about, or to help at least, in 

understanding more about disease and particular biological mechanisms. 

Even to the point of identifying new chemistry. So I’m still very much 

interested in identifying new science and enjoy publishing papers and that 

obviously impacts on what I’m doing. And there’s a parallel to that as I’ve 

said, that there’s a novelty aspect of it to do that so that has some 

commercial value as well. (E6, PRO) 

The name of the game is somehow or other on that point where the 

biologist makes that discovery about ‘ok this is a new way to treat a 

disease’. You want to as quickly as possible get [the drug] into patients 

and find out if it actually works. And I guess having both the commercial 

and the academic means that I have an understanding of how to focus 

programs and get to the outcome as quickly as possible. (E8, PRO) 

However, for others it is possible that commercialisation can become a de-motivating 

factor. In academia in particular, the rewards of publishing academic research compared 

with the commercialisation of research outcomes differ widely. Industry funding and the 

pressure to commercialise results can have a negative impact on an individual scientists’ 
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publication rate because research results may need to be kept confidential and/or patented, 

delaying or suppressing publication and peer recognition (Goldfarb, 2008). As the 

pressure to commercialise research increases across the academic sector (Wong & 

Westwood, 2010), researchers may be demotivated by this conflict between the 

traditional rewards of research, which prioritises success in terms of publication and peer 

recognition, and the potential rewards of commercialisation.  

Despite this, the interviewees who worked in PRO and industry settings appeared to 

understand and accept the benefits of immediate publication versus delayed 

commercialisation activity. This suggests that job motivation or de-motivation for these 

scientists is not strongly focussed on whether publication or commercialisation, but is 

probably more strongly aligned with other motivating factors. Although some of the 

industry-based interviewees who referred to commercial constraints said that they valued 

the ability to publish research when it was possible, they did not indicate that restrictions 

on sharing research with the scientific community as a result of commercialisation had a 

de-motivating effect on their research. Indeed, one of these interviewees said that the 

potential to develop a product that would be of benefit to society was his strongest 

motivation, and that the restrictions on his freedom to publish research results were 

therefore less important. Another of the scientists working at a PRO often had to balance 

the rewards of publishing research findings against the delayed future gain from 

commercialisation. However, he mentioned finding it "tricky" to find the balance between 

the value of publications versus delayed, but potentially more successful, publications 

that might result from industry collaborations. 

Overall, the motivations for scientists to pursue a career related to drug development 

research was not always easy to define. In some cases, interviewees working in industry 

or PROs said that despite an intrinsic interest in, and talent for, chemistry as "what I 

enjoyed most at uni and did best at" (E3, Industry), their career direction had been a 

natural progression based on following opportunities when they arose. This was 

particularly true of interviewees who were employed in the private commercial sector; 

some of these interviewees did not appear to have been directed by any strong motivating 

factors, such as an interest in solving the puzzles of science, or the rewards or pro-social 

outcomes of this area of research. 

My [PhD] supervisor was actually doing what more and more academics 

seem to be doing and that’s looking at the commercial possibilities, and he 

started up a start-up company whilst I was his PhD student ... so I 
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transitioned from my PhD into that. ... I guess yeah, I was following the 

lead of my supervisor to some degree. (E3, Industry) 

I couldn’t get a job in Australia, and a friend of mine … was working for 

a pharmaceutical company in France, and they were looking for positions. 

… [When I got that job] I did not have a clue what it was about, not a clue. 

I had no idea. But ... that’s how I got started [in the pharmaceutical 

industry]. And then I went from there. (E1, Industry) 

Another of the interviewees said that he had intended to pursue a traditional academic 

career within the university sector, but had not been successful in finding this type of 

position. 

At the end of sort of the four year postdoctoral period, I tried to get an 

academic position and failed. And an opportunity came up with [a 

pharmaceutical company] to be a research scientist there. So at that stage 

I moved out of the academic path and into the more commercial sector. 

(E8, PRO) 

Motivations can also change over the years and research has shown that an individual’s 

intrinsic motivation to advance scientific knowledge can be redirected toward the goals 

of the organisation when employed in a more industry-based position (Glaser, 1965). The 

statements made by some of the interviewees in this project suggest that the restrictions 

on publishability that are imposed by the industry sector are recognised and accepted 

elements of working in these positions, yet even in the publicly funded and university 

sector, interviewees acknowledged the increasing pressure to commercialise research. 

Göktepe-Hulten and Mahagaonkar (2009) found that the disclosure of a scientist’s 

research findings under patent was correlated with an increased expectation of 

recognition or reputation amongst peers, yet not with an expectation of financial gain. 

This suggests that in industry, where the commercialisation of research is common, or 

even in PROs or university with an increasing focus on commercialisation, the ‘ribbon’ 

of peer recognition is still a more important motivator for scientists than the ‘gold’. In 

addition, commercialisation can provide greater opportunity to develop a product that 

might be "used as a potential pharmaceutical down the track" (E3, Industry), thus pro-

social motivations may also become a stronger motivating factor as the pressure to 

commercialise research findings increases across different sectors. 

 External pressures  

Other motivating factors that influenced the focus of interviewees’ work were externally 

defined. Some of the interviewees working in the industry sector said that the focus of 

their research was not solely based on their personal interest, but was influenced by the 
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availability of funding or the research focus of their institute. Potential collaborative 

relationships and the availability of time and infrastructure resources were also important 

considerations for many of the interviewees.  

Academic versus industry freedom 

Differences between university, industry or government research roles are widely 

acknowledged in the scientific community, and differences in academic freedom, 

teaching responsibilities and pay scales have long been documented (Cotgrove, 1970; 

Clarke, 2001). These differences are likely to impact on a scientist’s choice of career path 

depending on the factors that motivate them to undertake specific research. For example, 

a study of the motivations of academic pharmacy researchers found that they were 

motivated by the "uniqueness of [the] academic environment" and the personal flexibility 

and autonomy of faculty positions (Sheaffer et al., 2008: 4).  

The differences in roles were highlighted by a number of the interviewees working at 

PROs or in industry-based organisations, who stated that they were often constrained in 

the projects they were able to investigate. They cited having less freedom to choose the 

disease area or target they were researching, comparing this to the perceived freedom 

with which university-based academics are able to choose what projects and topics they 

investigate. The perceived flexibility of an academic role was thought to be an advantage 

compared with industry roles. 

I think this is where industry and academia differentiate. ... I think as an 

academic, you develop an interest in a particular area of chemistry which 

you then pursue, following your ideas and desires and outcomes, whatever 

you want to achieve. When you go into industry, you tend not to be able 

necessarily to pick the company you work for and internally you don’t 

necessarily pick the projects that you work on. (E2, Industry) 

One of the experts working at a PRO stated that because the organisation was 

government-funded, the research they did was constrained by the government and, 

ultimately, the general public. 

The government is heavily influenced by public opinion, so especially 

when you think of the preventative health flagship, diseases of the ageing 

population are really going to attract the interest of the government, and 

hence throw [this organisation] into that [research area]. (E7, PRO)  

However, this constraint seemed to be an accepted aspect of an industry position and did 

not appear to be de-motivating. All interviewees said that they were interested in their 



 

 202 

work, even if projects were determined by the organisation or clients rather than being 

based on their chosen research focus. 

It just so happens we managed to win this contract so that’s what we’re 

working on. I mean, it’s really interesting you know, I enjoy working on 

it. But it’s not like I’m in a position where I can pick and choose what I 

work on at the moment. You know, if you’re a chemist, basically, I mean, 

usually you just get put on whatever projects are available. (E4, Industry) 

One interviewee said that even though he had a level of academic freedom, his research 

interests were constrained in a large part by the limited availability of funding.  

This notion that the general populace has that academics can do whatever 

they want [is not the case]. There’s still some constraints about what we 

do and how we do it. And there have definitely been modifications I guess 

to how I wanted to research and what I wanted to research, and constraints 

on that because of the way funding bodies work. (E6, PRO) 

 

Research funding 

The lack of available funding appeared to impose restrictions on the majority of 

interviewees. Many indicated that it is difficult to obtain funding for fundamental research 

such as medicinal chemistry rather than more applied medical fields.  

There’s not much funding for this type of research, it’s too basic for it. ... 

For industry it’s too far away, and for things like the ARC [Australian 

Research Council] or so, it’s also too general, too broad, you know. It’s ... 

not specific enough or publishable enough type of work. (E12, University) 

One’s research choice is sort of narrowed [by the funding that is available]. 

So even something like the NHMRC [National Health and Medical 

Research Council], you have to pitch that particular research project so that 

it ticks a number of boxes. (E6, PRO) 

Natural products don’t gain a lot of interest from research bodies in this 

country. ... I’ve not had a lot of success in terms of getting money, so I’ve 

only had sort of seed grants. So it’s done on a shoestring, which does, is a 

bit frustrating. (E11, University) 

One of the interviewees explained that preliminary research often has to be undertaken 

using existing resources. Only when preliminary results appeared to be successful would 

he apply for external funding.  

More often it’s that we have an idea, we do some initial research with very 

little funding and then we seek funding from elsewhere, whether from 

government or industry. (E9, University) 
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As a result of the difficulties in obtaining funding, interviewees stated that it is important 

to balance projects that may be more likely to receive funding with projects that may be 

less likely to be funded, but that are more interesting to them personally. 

Gone are the days that you can work on a little pet project and be the only 

person in the world working on it and piddle out a few papers. That’s gone, 

because you want to get funded. ... It’s a trade-off too. You want to have 

projects that work and get funded, and have some projects on the side that 

they might just spawn off, or they might be just pet interests. But you 

wouldn’t make them the core of the lab, because if you do, then that’s 

dangerous. So overall yeah, you just want to have a program of research 

that’s just sort of, you’ve still got to have interest in it, and vibrancy, but 

you’ve also got to have things that pay the bills. (E10, University) 

Ultimately all research has to be paid for. ... Successful grants really are 

what kind of drives research. (E5, PRO) 

 

Potential collaborations 

When asked about other factors that motivate their research in a particular area, one of 

the interviewees working at a university mentioned that the potential to collaborate with 

an industry partner would motivate him to work in an area that was not based on his 

personal interest in the topic. 

I was in discussions with a company ... about doing some work with them 

where they were looking at discovering some novel antibiotics. ... New 

antibiotics would be interesting, that’s something that’s important. And in 

that case, if the funding had come through it would be something that was 

suggested by the industry partner. But in the end it fizzled out and that’s 

quite common. (E9, University) 

The funding that was available from an industry partner seemed to contribute to this 

interviewee’s willingness to consider a collaborative relationship. Another interviewee 

mentioned that potential collaborations with other academic colleagues are likely to have 

an influence on his choice to work on certain projects, whether as a motivating or de-

motivating factor. 

I’ll choose a project that may be slightly less interesting if I know the 

collaborator is good. That influences me. Because you can work on really 

important, interesting topics or targets, but if you can’t work together with 

the collaborator or if there’s any sort of problems there then it’s a 

nightmare and it’s frustrating and you really can’t make much progress. 

For me personally, that’s a big thing that helps decide what projects to 

work on. (E7, PRO) 
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Available infrastructure 

Four of the interviewees who were working within universities mentioned that a lack of 

staffing, equipment or time had a limiting effect on the projects that they wanted to work 

on. 

There’s a limit to the number of projects that I can work on in a group of 

my size. I’ve been lucky, I’ve got quite a few PhD students, for here. But 

you can’t, you’re kind of limited by the number of people you’ve got to 

collaborate with on this kind of stuff. (E9, University) 

Because I’m teaching a lot I can’t spend a lot of time in the lab myself, so 

a lot of the work would be [done] through the students working for me. ... 

The students I normally would have contact with wouldn’t be strong 

enough in their chemistry to do certain things. So you couldn’t put them 

onto projects like this. So there are some ideas which are on the back 

burner simply because the manpower [sic] is not available to me to do so. 

So I guess from that perspective what influences the direction of my 

research is also the pair of hands I can have available. And they’re really 

restricted because they’re coming from a particular pool of students with 

a particular background. (E12, University) 

The limitation of secure research and support staff was said to pose a longer term threat 

to a scientist’s career in terms of publication output and future funding possibilities. 

I’m rather limited in terms of manpower [sic], and this then translates into 

output, publication output. This then translates into success in grant 

applications. (E12, University) 

Equipment and time were also mentioned by two of the university academics as 

restricting their research freedom. A lack of time was attributed to the heavy teaching 

loads required of academics in a university system and the time that is consumed by 

supporting existing research projects. 

Once you’ve got a few projects running it’s, you don’t have a lot of time 

to scour the literature thinking about new projects. You’re kind of involved 

in ... making sure those [current] projects are running smoothly. (E9, 

University) 

Equipment has been a big limiting factor. But primarily I think it’s because 

of heavy teaching loads. We’re a rural university with not a lot of research 

infrastructure. (E11, University) 
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6.3 Comparison of expert and public views of scientists’ 

motivations 

In addition to detailed qualitative data collected from expert interviews, quantitative 

responses collected from expert scientists (Survey 2) and the interested public (Survey 1) 

allowed for a direct comparison between scientists’ actual motivations and the public 

perception of scientists’ motivations. In Survey 2, experts were asked to rate the influence 

of various motivating factors on their choice of work. A number of additional motivators 

were included in the Survey 2 questions based on experts’ responses to the qualitative 

interviews. The interested public respondents to Survey 1 were asked how much influence 

various factors have on scientists’ choice to work in the field of drug development. No 

distinction was made in either Survey 1 or 2 between academic or industry scientists or 

between the different stages of drug development. 

Both experts and the public indicated that they believe intrinsic and pro-social motivating 

factors to have the highest influence on scientists’ work. For example, factors that would 

be personally rewarding to scientists, such as their interest in and the tangible outcome of 

their work, and factors that would benefit society more widely, such as improving the 

efficacy of medicines, were rated highly by respondents. All of these motivating factors 

were attributed a moderate to high influence by at least 75% of both the interested public 

and experts (Figure 6.4). The interested public also rated peer recognition (85%) and 

funding (89%) as having a moderate-high influence on scientists’ work. 

There were differences between public and expert views regarding the extent to which 

pro-social motivations influence scientists’ work were seen (Figure 6.4). The interested 

public attributed the greatest motivating influence to the potential to develop treatments 

for as-yet untreated conditions, whereas experts said this factor had significantly less 

influence (χ2 (df=3, n=913)=86.81, Cramer’s V=0.31, p<0.001) than other intrinsic 

motives, such as scientific interest or the potential tangible outcome.



 

Figure 6.4. Actual and perceived motivations of scientists for working in drug 
development (reported by experts and the public, respectively) 

Note: * p<0.05, ** p<0.01, *** p<0.001; parentheses indicate that some low cell counts mean the fit of the Chi square 
test may not be valid and that significance is indicative only; N (public) = 810-816, N (expert) = 113-115. 
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Experts did not rate factors such as pressure from external stakeholder groups (e.g., 

directives from government or the pharmaceutical industry) or extrinsic rewards (e.g., 

recognition or personal financial gain) as having a large influence on their choice of career 

path. Fewer than 27% of respondents rated these factors as having a moderate to high 

influence (Figure 6.4). 

When the interested public perception of scientists’ motivations was compared with the 

motivations reported by expert scientists themselves, there was a difference in the way 

scientists are viewed. Particularly in the case of extrinsic motivators, such as peer 

recognition, available funding and industry directives, the public significantly over-

estimated the effect of these as motivating factors compared to the influence that scientists 

attributed to these motives. For example, the public said that recognition (χ2 (df=3, 

n=920)=151.01, Cramer’s V=0.41, p<0.001), and financial gain (χ2 (df=3, 

n=898)=204.05, Cramer’s V=0.48, p<0.001) had a greater influence on scientists’ work 

than was indicated by the experts (Figure 6.4). Previous research has also shown that 

scientists perceive themselves differently to the public view, presenting themselves in a 

more favourable light (Wellcome Trust, 2000). 

It is interesting to note that funding was suggested by the interested public, but not 

experts, as a reasonably strong motivator for research (cf. 58 vs 16% high influence, 

respectively; χ2 (df=3, n=918)=57.83, Cramer’s V=0.25, p<0.001). This difference may 

be because experts perceive funding as a limitation to research, rather than a motivating 

factor. In support of this, expert interviewees described a lack of available funding as 

restricting their freedom to pursue multiple research pathways.  

Significant differences in the actual and perceived motivations of experts were also seen 

in the influence of government or pharmaceutical industry directives on the direction of 

experts’ work and in the perceived influence of pharmaceutical industry profit. The 

interested public appeared to think that pressure from external stakeholders, such as the 

pharmaceutical industry, government or public, had a greater influence on scientists’ 

work than was ascribed by expert scientists. A larger proportion of the public (compared 

with experts) viewed directives from the pharmaceutical industry (χ2 (df=3, 

n=904)=332.04, Cramer’s V=0.61, p<0.001) and the government (χ2 (df=3, 

n=888)=244.56, Cramer’s V=0.53, p<0.001) as having a high influence on the direction 

of drug development research (Figure 6.4). The drive to generate industry profit (χ2 (df=3, 

n=905)=86.96, Cramer’s V=0.31, p<0.001) was also attributed high influence by a 

significantly larger proportion of the public than experts.  
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Overall, these results suggest that both the public and experts believe that the most 

significant motivations for scientists’ choice to pursue a career related to drug 

development were intrinsic or pro-social. However, both the interested public and experts 

acknowledged that there are limitations to scientists’ research freedom, and that intrinsic 

interest is not the sole motivator for pursuing this type of career. Nearly all of the 

interested public respondents indicated that there were at least some external influences 

or stakeholders that had an impact on scientists’ motivations, suggesting that ‘academic 

freedom’ is not as free as some might think.  

Multivariate logistic regression analyses of public responses from Survey 1 indicated that 

public respondent’s gender, age, knowledge and related background were the strongest 

predictors of their perceptions of scientists’ motives (Table 6.5).  



Table 6.5. Variables that significantly predicted public perception of factors that motivate scientists’ choice to research in areas related to drug 
development 

Note: [Odds ratio (Confidence interval low-high), p]; Asterisks denote a statistically significant difference between the reference category and other predictor categories; Only significant results are 
presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001; cross-hatch indicates that the variable was excluded from the multivariate 
model or that the overall model was not valid; BG=background. 

 Predictor variable (reference category) 

Motives Gender 
(F) 

Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no BG)  

Knowledge 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

As-yet untreated  
       

Scientific interest 
       

Benefit society 
       

Funding 0.67 (0.49-0.91), 
p=0.011* 

      

Improving efficacy 0.66 (0.48-0.89), 
p=0.006** 

  
0.70 (0.52-0.93), 
p=0.016* 

  
10 m-2 yrs: 0.62 (0.39-
0.97), p=0.035* 

Peer/public 
recognition 

 
35-54: 0.65 (0.45-0.95), 
p=0.025* 

     

Industry directive 
 

35-54: 1.91 (1.30-2.82), 
p=0.001**; 
55+: 2.09 (1.31-3.32), 
p=0.002** 

 
0.72 (0.55-0.96), 
p=0.024* 

   

Industry profit 
 

35-54: 1.60 (1.10-2.33), 
p=0.013*; 
55+: 2.14 (1.36-3.38), 
p=0.001** 

     

Govt. directive 0.62 (0.47-0.84), 
p=0.002** 

  
0.72 (0.54-0.96), 
p=0.023* 

   

Financial gain 
 

25-34: 0.66 (0.47-0.93), 
p=0.017*; 
35-54: 0.58 (0.39-0.87), 
p=0.009* 

tech: 2.07 (1.24-3.46), 
p=0.006** 

 
0.67 (0.49-0.92), 
p=0.013* 

  

Public demand 
       



Like the expert survey respondents (Figure 6.4), interested public respondents who were 

skilled or knowledgeable about the drug development process were less likely to say that 

financial gain had a strong influence on scientists’ motives (OR 0.67*; Table 6.5). 

Similarly, these respondents were less likely to say that industry or government directives 

had a high influence on scientists’ motivations (OR 0.72*).  

The public perception of the influence of the pharmaceutical industry on scientists’ 

motivations also appeared to increase with the age. Respondents aged 35+ were more 

likely to indicate that the pharmaceutical industry had a significant influence on scientists’ 

research (OR 1.91-2.14*; Table 6.5). Interestingly, respondents aged 25-54 saw personal 

extrinsic motives, such as financial gain and recognition, as having less influence on 

scientists’ motivations than did younger respondents (OR 0.58-0.65*; Table 6.5). 

 

6.4 Conclusions 

Generally, public attitudes toward the pharmaceutical industry have received greater 

research attention than the drug development process itself, and little is known about the 

public perception of this scientific field. Attitudes are based on trust, which is in turn 

based largely on perceived motives. Thus the factors and stakeholder groups that have an 

influence on the drug development process have been examined in this chapter, and the 

perceived trustworthiness of the various stakeholder groups has been explored. A 

comparison of the reported actual and perceived motivations of scientists for pursuing a 

career in this area was also included to explore whether a difference in perceived 

motivations might affect the overall public attitude toward, and acceptance of, the drug 

development process. 

Results of this project suggest that according to participants, the strongest motivating 

influences on the drug development process were commercial or pro-social factors. The 

pharmaceutical industry’s profit motive and the aim to develop a new medicine of benefit 

to society were also rated highly by all respondents.  

Scientists’ personal motives, such as scientific interest or gaining recognition, were seen 

to have less influence on drug development process overall than that of the 

pharmaceutical industry. At the same time, scientists were suggested to be more 

trustworthy than the pharmaceutical industry. The higher level of trustworthiness is likely 

to be based on the public perception of scientists as being pro-socially and intrinsically 
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motivated to pursue drug development research, rather than being motivated by a desire 

for personal gain. These results reinforce the traditional view of scientists as being 

primarily motivated by pro-social and intrinsic factors (Merton, 1942) and are similar to 

an Australian survey conducted in 2010, which reported that the public were 

overwhelmingly positive about the contributions made by scientists (Lamberts, Grant & 

Martin, 2010).  

The public perception of scientists’ motives was very similar to scientists’ self-reported 

motivations. In this project, the expert respondents, both to the survey and interviews, 

reported being motivated by an intrinsic interest in their research field and the creativity 

and challenge of research. Other motivations also had an impact; interviewees described 

pro-social motivating factors that were closely linked to their choice of a career in an 

applied scientific field, including the desire to generate new knowledge research and 

products that would potentially benefit society. Intrinsic and pro-social motivations have 

been shown to be positively related but clearly distinguishable and both can strengthen 

an individual’s "persistence, performance and productivity" in their work (Grant, 2008: 

48).  

The puzzle, creativity and challenge of research, the opportunities to advance knowledge 

and generate tangible results or products, as well as the experts’ personality traits and 

inherent interest in the field contributed to their strong motivation and passion for their 

work. This was especially the case for interviewees who had personal experience with 

medical issues. When a professional applies personal knowledge or experience and 

expertise to a project in a creative way, they can develop a strong emotional bond to the 

work (Miller, 1988) and the satisfaction or self-fulfilment that is gained from this bond 

can be highly motivating for scientists (Clarke, 2002). This was reflected clearly in the 

interviews, with many experts describing how their personal experiences had promoted 

their interest in medicinal chemistry and the drug development process. 

Peer recognition, the ‘ribbon’ according to Lam’s (2011) classification, was also 

mentioned by the expert interviewees as being an important motivating factor, yet it was 

attributed less influence than either intrinsic interest or pro-social motivations. Where 

commercialisation or confidentiality issues restricted publication of experts’ research 

findings, the altered benefits of delayed commercialisation activity (such as the greater 

potential to contribute to the development of a consumer product) and their intrinsic 

interest in the research process justified delays in publishing and peer recognition. The 
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combination of puzzle and ribbon motivations that were reported by these interviewees 

is similar to an earlier study that found that researchers are:  

predominantly motivated by the excitement of discovery, rather than 

salary, community recognition or the potential for personal wealth from 

the commercialization of their discoveries. Publications are viewed as a 

more important research outcome than the patenting of research findings 

or creation of new businesses (Shewan et al., 2005: 610).  

Although the rewards of industry are often seen to be very different to the rewards of 

academia, few of these differences were noted by the expert interviewees working in these 

respective workplaces. Industry positions are often perceived to provide greater personal 

financial gain, whereas academic positions are often thought to allow more opportunity 

for public research discoveries and greater peer recognition. However, in this project, 

financial gain was not found to be a strong motive for any of the interviewees and only 

for a very small proportion of the expert survey respondents. 

In contrast to the perception of scientists, who are seen to be pro-socially and intrinsically 

motivated, the interested public indicated that the motives that drive the pharmaceutical 

industry are largely extrinsic and based on self-interest. Profit was suggested to be the 

main motivating factor for the industry, and this factor, plus the considerable influence 

that the pharmaceutical industry is thought to hold over the drug development process, 

contributed to a high level of public distrust. Interestingly, experts and knowledgeable 

public respondents rated the pharmaceutical industry as being more trustworthy than did 

the interested public. This finding is likely to be due to the higher value knowledgeable 

respondents place on the expertise of the industry, which may counter the often strong 

and negative influence that perceived pharmaceutical industry motives have on 

trustworthiness. 

The differences in perceived motives of scientists and the pharmaceutical industry is an 

interesting and important finding of this project. The interested public indicated that they 

believe the motives of the two groups to be different, and that the pharmaceutical industry 

has more influence on the drug development process than scientists individually. 

Collectively, this indicates that the public has very different attitudes toward the 

pharmaceutical industry and research scientists. By asking the public to compare the 

motivations of these two stakeholder groups, their frame of reference was shifted from an 

evaluation of the motives that drive the industry as a whole to the motives that drive 

scientists as individuals. This finding is similar to an earlier study into public views of 

the risks of the petrochemical industry; participants showed a general trust in the 
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engineers and workers at local petrochemical plants, but lacked trust in the less accessible 

industry managers (Gamero et al., 2011). Public trust in scientists involved in drug 

development and the pharmaceutical industry was affected by each group’s perceived 

expertise, but the public perception of these stakeholders' motives seemed to have an even 

stronger effect on their perceived trustworthiness. 

Overall, the results of this project suggest that the public have concerns about the motives 

that drive the drug development process. Although they reported a high level of trust in 

scientists when they were considered independently to the pharmaceutical industry, the 

public perceived the pharmaceutical industry to have considerably more control over the 

direction of drug development and to be primarily motivated by self-interest. If public 

attitudes toward and acceptance of the drug development process are to remain positive, 

it is important to differentiate between the motivating factors that drive each of these 

stakeholder groups and perhaps emphasise the motivations that drive individual scientists 

to pursue a career in this field. 

 

  



 

 214 

 

  



 

 215 

7 Expert View of Public Understanding and Attitudes  

As discussed earlier, there has been increasing interest in public engagement models of 

science communication in more recent years (Davies et al., 2009). An engagement model 

emphasises the need for scientists, regulators and the government to understand public 

concerns and issues in addition to providing expert information to the public. This is in 

contrast to the approach of deficit models of science communication, which rely 

exclusively on the provision of expert information to the public to increase public 

understanding. As such, the success of the public engagement model relies as much on 

experts’ views about the public understanding of science as it does on public 

understanding itself. There are different types of public groups who, in different ways, 

are active users of the information they receive (Osborne, Simon & Collins, 2003). For 

science communication and public engagement activities to be successful, scientists and 

communicators must recognise these differences, as well as the different interactions 

between science and the various publics. 

Schibeci and Williams (2013: 1) recommended that "productive communication suggests 

we understand the views of both ‘interested publics’ and the views of ... experts about 

these ‘interested publics’". Young and Matthews (2007: 137) have also suggested that 

"public opinion is strongly linked to struggles over the legitimacy of expert knowledge 

claims. As such, views on general public opinion are a key dimension of experts’ 

understanding of the public". It is therefore important to ask not only how the public 

perceives and understands scientific information, but also if, and what, scientists know 

about the views of the public and the wider social impact of scientific information.  

This chapter presents the results of my investigation of experts’ views of public 

understanding about, and attitudes toward, the drug development process, and compares 

experts’ views to actual public attitudes toward this process. Interview data collected from 

experts were used to explore in detail the views held by this group and quantitative data 

from Survey 2 were used for a direct comparison with interested public responses to 

Survey 1. No previous empirical studies of the expert conceptualisation of the public in 

the context of drug development have been identified and this project therefore provides 

a new perspective of experts’ view of the public. 

 



 

 216 

7.1 Expert views of public understanding of drug development 

When asked during interviews to describe their views of public understanding about the 

drug development process, the experts were generally critical of public understanding of 

this area. One interviewee stated "I don’t think the average person in the street has even 

the slightest inkling about what the drug discovery process involves" (E7, PRO). 

However, it did not appear that the experts attributed the perceived public understanding 

deficit to a misinterpretation, disinterest or rejection of the science or information about 

the drug development process that is currently available. Rather, they attributed limited 

public understanding to a lack of exposure to information about drug development, or a 

lack of interest in the area.  

I don’t think they have really given it much thought, that’s probably the 

fairest way to say it. I don’t think they necessarily know enough about it 

but they never really cared enough in detail to think ‘how come this ends 

up to be a white shiny tablet’. (E12, University) 

I think people sort of take, particularly in the Western world, people take 

health for granted, and all these pills and stuff. You know, especially in the 

case of antibiotics and that, people think it’s just, yeah, nothing, no big 

deal. But you know, perhaps in ten years’ time when things are a lot less 

effective people might actually start wondering where the next one’s 

coming from. Or thinking about where, you know, how drugs are made 

and why suddenly we’re not producing as many drugs as we used to. (E4, 

Industry) 

Many of the expert interviewees said that the development and availability of new 

medicines was largely taken for granted by members of the public. The development of 

medicines is a widely accepted technology and the links between modern health care and 

the scientific research and industries that lie behind it are often invisible to consumers. 

As the development and introduction of these products have therefore been largely 

accepted as a "technologically determined given" (Elston, 1997: 4), it is unsurprising that 

the experts said that they think the public is generally unaware of the practices underlying 

the drug development process, prior to marketing of the final product.  

As discussed in Section 2.1, there are significant burdens of time, cost and risk associated 

with the drug development process. New drug development, from discovery to approval, 

can take up to 14 years and can cost upward of US$400 million (DiMasi, Hansen & 

Grabowski, 2003). During the interviews, many of the experts pointed out that the public 

are not fully aware of the time and financial costs required to take a drug candidate to 

market. 
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I would say they’d have a very naive idea of how much is, you know, 

needed in terms of time and money. There’s almost this expectation that 

new drugs will just keep coming out the door, but I don’t think people are 

fully aware of the extent of time and money that goes in. (E3, Industry) 

I don’t think the public know how long it takes to develop a medicine. ... 

When people don’t understand the job I do and I’m trying to explain it, 

they don’t understand that it takes 10-12 years to bring a new medicine to 

market on average. I don’t think they understand the rigour of the chemical 

testing, and they don’t understand the high failure rate in the industry and 

consequently why medicines have to be so expensive. (E2, Industry) 

I don’t really think people understand the process. Most people don’t have 

a good understanding of what a molecule is, so how are they going to 

understand drug discovery? ... I don’t think they understand how much 

time and money it takes to go from an idea, to a lead, to a drug candidate, 

to a drug in the clinic. (E9, University) 

In contrast to the deficit model of science communication, in which a clear distinction 

between lay and expert knowledge is assumed, the expert interviewees appeared to 

recognise that the line between lay and expert knowledge is blurred. Two of the 

interviewees mentioned that even amongst scientists there were differing levels of 

understanding; not all members of the public are uninformed, and not all scientists are 

conclusively experts. One interviewee observed that scientists who are experts in a certain 

field are likely to have less understanding of areas outside their own specialty, hence they 

do not necessarily understand the drug development process in the same way as experts 

who are directly involved in this field. He said that this was evident within his own 

workplace and amongst his colleagues and collaborators.  

I don’t think there’s at all wide knowledge on the process. I suspect there’s 

a great degree of ignorance. And even amongst highly qualified scientists 

in the area loosely associated with translating research and fundamental 

biology to drug discovery outcomes, there’s a great degree of ignorance in 

my area, which is medicinal chemistry. So there’s still a world of very 

clever, very brilliant, academic biologists who don’t realise that this is a 

large amount of medicinal chemistry that is required to take the 

fundamental biologists’ discovery to something a bit more useful. And it’s 

a very hard message to get across. ... if there’s a lack of understanding there 

[amongst highly educated scientists in different areas of science], I think 

there would be a very widespread misunderstanding amongst the general 

public. (E5, PRO) 

Experts in the field of desalination research have expressed similar views to these 

interviewees, suggesting that "even in professional (peer-peer) communication, there may 

be elements of deficit model thinking [amongst scientists]" (Schibeci & Williams, 2013: 

7). Expert scientists can be non-experts in even closely related fields, and can be classified 

as members of the wider general public in many cases. Comments elicited from the 
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experts interviewed in this project suggest that expert scientists recognise and 

acknowledge the blurred line between expert and lay knowledge.  

The dichotomy between public and expert has been increasingly questioned as science 

communication moves from a deficit public understanding of science model to a more 

dialogic approach (Burningham et al., 2007; Rayner, 2003; Petts, 1994). However, 

despite criticism of the public deficit model - of knowledge, attitudes or trust in science - 

as being overly simplistic (Sturgis & Allum, 2004), this approach to science 

communication remains common (Palmer & Schibeci, 2014; Bauer, 2016; Simis et al., 

2016; Suldovsky, 2016).  

Some of the expert interviewees acknowledged that members of the public who had a 

personal interest in medical treatment can possess greater understanding about medicines 

and the drug development process. The experts suggested that these groups choose to be 

more informed about the field based on their exposure to medicines. Thus public interest 

in and attitudes toward drug development were thought to be dependent on personal 

experience with medicines and the ensuing expectation of successful treatment.  

Probably people who have been touched by a disease that has no good 

treatments, whether there are no treatments existing or no good treatments 

existing, is going to have more of an idea. Because they’ll hear some news 

about a new drug to treat multiple sclerosis or something, and then they’ll 

read the article in the newspaper and take notice of it, and it’ll say 

‘Scientists predict that it could be possible for clinical trials in the next 5-

10 years’ and they go ‘Oh my God, why does it take so long’. So that’s 

when they start to realise what process is involved I think. Some people 

might just be interested in medical research and would take notice of that 

kind of article in the paper, others would just skip over it. (E9, University) 

Overall, the experts suggested that familiarity with ill health was likely to play a part in 

an individual’s interest in drug development and their understanding of the drug 

development process. Other studies have also shown that the context and framing of a 

technical issue have a significant impact on a non-expert’s interest in and ability to engage 

with information (Petts & Brooks, 2006), and people often seek information about a 

subject when it is personally relevant (Michael, 1996; Young & Matthews, 2007). 

Although typically considered to be a lay or non-expert group, the public have been 

shown to manage different levels of understanding of complex scientific information, 

particularly when the issue is directly relevant to themselves (Petts, 1997; Yearley, 2000). 

Relevance of an issue to the individual is key to whether people take notice of and engage 

with information; engagement then impacts the formation of attitudes (Longnecker, 

2016). If people are interested in an issue, they then need access to expert information, 
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but access to information without public interest is unlikely to have an impact on public 

attitudes.  

 

7.2 Public views about the importance of drug development, 

according to experts 

In many studies, scientists have been found to attribute negative public attitudes toward 

science to the public’s inability to understand the language, concepts or processes of 

science, or to misleading media accounts (Petts & Brooks, 2006; Young & Matthews, 

2007). For example, in an earlier study of GM scientists’ views of public opinion about 

the then-new technology, GM experts described the public as being ignorant of facts 

about GM science (Cook, Pieri & Robbins, 2004). This lack of understanding was seen 

as a mitigating factor in the negative attitudes and public opposition to GM science.  

When asked in this study "Do you think the general public considers the development of 

new medicines to be important?", a large majority (84%, n=96) of expert respondents to 

Survey 2 said that the public would agree or strongly agree that drug development is 

important. This view was echoed in expert interviews. 

I think anyone who’s been affected by a disease that can’t be treated well 

feels that way, absolutely. ... I think as you get older it’s more likely that 

you’re going to know someone who’s affected by a disease that can’t be 

treated very well. And you’re more likely to think it’s important for this 

kind of research to be done. (E9, University) 

The expert interviewees also suggested that a familiarity with ill health was likely to play 

a part in the formation of an individual’s attitude toward medicines and the development 

process, and that opinions would likely be more positive if an individual had experience 

of medical treatment. However, one interviewee suggested that opinions and public 

perception of the importance of the drug development process would vary depending on 

an individual’s knowledge of, and experience with, illness and medicines. She suggested 

that limited public understanding about the drug development process might affect the 

perceived importance of the process.  

I think it would vary very much depending on the person. ... The more they 

have experience with a treatment, you know, a family member that’s been 

done well by treatments. And then they realise that it’s through [research] 

funding that this treatment’s arisen. ... I’m not convinced the general public 

really is au fait enough with med chem, medical research to know how 

important, how significant it is. (E5, PRO) 
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Although science communication scholars have moved away from the PUS model of 

increasing familiarity with scientific concepts in order to improve public attitudes, this 

model was suggested to be successful by some of the expert interviewees. Two of the 

interviewees said that the public are prepared to participate in conversation about the drug 

development process and that when invited into a discussion about the area, individuals 

tend to engage more positively with the topic.  

I don’t think they think about it [the importance of drug development] the 

same way as me, but when you start talking they switch on. (E11, 

University) 

I don’t think that people really think about it very much. I’m sure that when 

they mention it they go "oh yeah, yeah, it’s important" but they don’t 

actually give any thought to the processes behind it. To, you know, to how 

long it takes to develop one [a new drug], or who actually does it or how 

it gets done. (E4, Industry) 

A previous study showed that scientists who had participated in public engagement 

activities often saw the public as informed, keen to learn, and non-confrontational once 

they had engaged in these activities (Pearson, Pringle & Thomas, 1997). The results of 

this project show that these expert interviewees also saw the public as willing to engage 

in discussion about drug development and as willing to learn about this process. 

Most interviewees said that the public considers this area of research to be important. 

However, one said that the public perception of science was somewhat negative. He said 

that there has been widespread public concern about science and technology, particularly 

regarding synthetic products, such as pharmaceutical medicines. He also suggested that 

public concern about the risks of science and technology can coexist with a general 

optimism about the benefits of science and technology, an attitude that has also been 

identified in previous research (MORI, 2005). 

Science has got bad press for a number of years, I can remember my first 

years as a science teacher, [the general attitude was] "scientists, science is 

causing all the problems in the world". You know, nuclear energy, bombs, 

pollution and so on. Science and technology were the bogeymen, they’re 

destroying our environment. You tell people that for long enough and 

guess what, they believe it. But they still want the benefits. I think there’s 

a turning point. I think we may have reached a turning point, but there’s 

still generally a dissatisfaction with the synthetic and man-made. (E11, 

University) 
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7.3 Public perception of motives for drug development, 

according to experts 

As well as asking the interested public in Survey 1 about the factors that they perceive to 

influence the drug development process, expert respondents to Survey 2 were asked for 

their views about public perceptions of motives for drug development. Data showing the 

interested public view of factors that influence drug development (collected in Survey 1 

and displayed in Figure 6.1) are reproduced in Figure 7.1 to enable a direct comparison 

between views of experts and the interested public. 

There is reasonable alignment between public views and expert estimations of public 

views about most of the motives for drug development (Figure 7.1). In particular, factors 

linked with the pharmaceutical industry were commonly cited by experts: 60% of experts 

indicated that they think the public perceives the industry to have a high level of influence 

over the direction of drug development, and 68% indicated that the public view industry 

profit as having a high influence on the process. Many of the experts (35-53%) also 

indicated that they think the public sees pro-social motivations, such as the potential to 

improve efficacy or develop medicines for as-yet untreatable conditions, as having a high 

influence on the drug development process. However, experts indicated that the public 

attribute very little influence to the potentially more personal motives of scientists, such 

as financial gain or a scientific interest in the field, as having an impact on the drug 

development process. 
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Figure 7.1. Experts’ views of the public perception of motives for drug development 
(compared to public responses)  

Note: Public responses also shown in Figure 6.1; * p<0.05, ** p<0.01, *** p<0.001; N (public) = 813-819, N (expert) = 
110-113. 

There were, however, some significant differences between the experts’ view in Survey 

2 of the public perception of factors that influence the drug development process and the 

actual perceptions indicated by the interested public in Survey 1. In particular, the 

influence of public demand, scientific interest, the perceived pharmaceutical industry 

profit-motive and the effect of available funding were significantly different. Although 

the interested public did not see themselves as having much input into the development 

of new drugs (only 13% of the interested public respondents rated ‘public demand’ as 

having a high influence), 44% of expert respondents indicated that they think the public 
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believes public demand has a high influence (χ2 (df=3, n=903)=86.53, Cramer’s V=0.31, 

p<0.000).  

Few experts (12%) said that the public rated scientific interest as having a high influence, 

whereas a larger proportion of the public respondents (33%) did perceive this factor to 

have a high influence (χ2 (df=3, n=911)=69.22, Cramer’s V=0.28, p<0.001). Although 

scientific opportunity is one of the major domains in which decisions about drug 

development are made (see Section 2.1; Croghan & Pittman, 2004), this is driven mainly 

by the level of knowledge and funding in a certain area, which provide greater opportunity 

to discover new molecular targets or treatments. It is unlikely that scientists’ personal 

interest and opportunities have a large influence on the development process as a whole, 

but the interested public rated this factor more highly than experts. This supports the 

earlier finding that the interested public makes a distinction between scientists and the 

pharmaceutical industry.  

Like experts, a large proportion of the interested public recognises the impact that funding 

can have on the drug development process; yet the expert respondents did not seem to 

acknowledge that the public might be aware of the significance of this factor. Of the 

interested public respondents, 50% said that funding has a high influence on the process. 

In contrast, only 28% of experts thought the public attributed a high influence to funding 

(χ2 (df=3, n=901)=23.26, Cramer’s V=0.16, p<0.001). The Survey 1 respondents in this 

project were classified as an interested public due to the sizeable proportion of 

respondents who reported a level of knowledge or familiarity with the drug development 

process. This proportion is likely to be higher than would be found in a more typical 

general public. This young, relatively well-educated and knowledgeable group of 

respondents appeared to have an understanding about the financial cost of drug 

development and recognised that research funding (whether from publicly-funded 

research grants or industry) has a considerable influence on the direction of research.  

 

7.4 Attitudes toward the pharmaceutical industry  

 Expert view of public attitudes toward the pharmaceutical industry 

An earlier investigation into the views of chemical industry employees about public 

opinions of chemical hazards found that public concerns were seen as being "underpinned 

and amplified by more fundamental suspicions about the [non-consumable] chemical 
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industry" (Burningham et al., 2007: 33). Similarly, ongoing public concern about risks 

associated with the use of vaccines has been linked to mistrust in the institutions involved 

in vaccination, for example vaccine producers and government policy makers (Dubé et 

al., 2013; Yaqub et al., 2014).  

Expert survey respondents and interviewees in this project expressed similar views 

regarding the public perception of the pharmaceutical industry, suggesting that, on the 

whole, the public were suspicious about the motives of the pharmaceutical industry, 

resulting in a lack of trust in the industry. Expert interviewees said that negative public 

attitudes toward the industry are largely based on a public perception that pharmaceutical 

companies are driven primarily by self-interest and profit. 

I would say that most think "wow, pharmaceutical companies, they’re 

ripping everyone off". (E11, University) 

There’s no doubt that ... the big pharmaceutical companies have kind of a, 

quite a negative reputation. Just in the way that any kind of powerhouse, 

profit-making kind of corporation can. And particularly when you’re 

aligned with health, yet at the same time trying to make a profit ... you can 

be made to look quite nasty at times. (E3, Industry) 

One of the interviewees also attributed the negative public perception to past 

controversies involving pharmaceutical medicines or other synthetic chemical products. 

If you talk about the pharmaceutical industry, people immediately start 

thinking of Agent Orange and all these sort of things, and you know, 

mostly negative connotations. (E1, Industry) 

The whole Vioxx/Merck saga; that really I think opened to the public that 

Merck’s a business and they’re there to make money. And it illustrated it. 

So I think the public became a lot more aware that drug companies are not 

there to help you. Yeah they’re there to help you, but if they can make a 

billion dollars too then that’s a bonus. That’s their prime drive. (E10, 

University) 

Vioxx (rofecoxib) is a non-steroidal anti-inflammatory that was withdrawn from the 

market in 2004 due to safety concerns, including an increased risk of cardiovascular 

problems (Topol, 2004). In 2007, the manufacturer, Merck, was found to be liable for 

using deceptive marketing tactics in promoting the use of Vioxx for rheumatoid arthritis 

before it had been approved for that purpose. Like the period following the thalidomide 

scandal in the late 1950s, regulatory approval of medicines became increasingly difficult 

after this controversy, despite a period of somewhat more relaxed regulation during the 

1980s when patient groups lobbied for faster access to drugs, such as HIV/AIDS 

medication (Hilts, 2003). These safety concerns have highlighted to the public the 
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associated risks of medicines and the power that the pharmaceutical industry has over 

public health based on the diligence of pharmaceutical testing and trials. Although not a 

pharmaceutical product, Agent Orange was a herbicide used as a defoliant during the 

Vietnam War. Human exposure to Agent Orange caused serious medical symptoms, 

including rashes and joint pain, persistent neurological complaints and depression, and 

appears to be associated with an increased risk of cancer and birth defects (Bogen, 1979; 

Ngo et al., 2006). Public concerns about the safety of vaccines have also grown following 

a reported link between MMR and autism, despite this report having been discredited 

(Flaherty, 2011; Larson et al., 2011). A considerable decline in public trust in the 

pharmaceutical industry has been reported as a result of these controversies (Lofstedt, 

2007; Black & Rappuoli, 2010; Brown & Calnan, 2012), and the results of this project 

appear to supported this view. 

One of the interviewees suggested that public misunderstanding about the distinction 

between the early stages of drug discovery and the marketing of medicines may contribute 

to a negative attitude toward the pharmaceutical industry as a whole. He said that although 

academic drug discovery research was separate from marketing decisions that come later 

in the drug development process, the negative public perception of these marketing 

decisions and perceived industry self-interest is often expressed about the pharmaceutical 

industry as a whole. He suggested that the public might not be so negative if they better 

understood the differences between the early and late stages of the process. 

I suspect because of the link with the outcomes (pharmaceuticals and the 

pharmaceutical industry, the pharma industry itself), [the public] has this 

notion of these big bad companies that are viewed I think suspiciously or 

skeptically, rightfully or wrongly. Which probably isn’t helped by the next 

Hollywood blockbuster where the pharma guy is always the bad guy. And 

so I think there’s probably a misunderstanding of the fact that early-phase 

drug discovery is very pure. It relies on great science and sits fairly and 

squarely in the academic domain. And it’s not necessarily associated with 

downstream, way downstream marketing decisions that some drug 

company’s come up with. ... Even when there’s pharma company 

involvement in early drug discovery, it’s completely separate from the 

marketing decisions and it’s the purest of the pure. One could even say it’s 

purer research than academic research because the pharma companies only 

want to know the actual truth. Application is not the issue. In academia, 

research can be biased towards a publication outcome. To a drug company 

there’s not that [publication goal], they just want what’s going to work as 

a potential drug. (E5, PRO) 

As noted earlier in this section, expert respondents to Survey 2 indicated that they think 

the public is generally unaware of the time and financial costs of the drug development 

process, or of details about what is involved at the different stages of the process. They 
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indicated that the development and availability of new medicines is taken for granted by 

the public, but that the public expectation for new medicines co-exists with criticism and 

distrust of the pharmaceutical industry. Pharmaceutical companies are largely viewed as 

being motivated by profit (Figure 6.1), yet are relied upon as providers of health products; 

there is a general expectation is that if someone becomes sick, a suitable pharmaceutical 

treatment should be available. 

Certainly a lot of people are willing to criticise it [the pharmaceutical 

industry], yet at the same time buy medications that have been developed 

through this process. They wouldn’t refuse the use of these kind of 

treatments. (E3, Industry) 

One of the interviewees who had spent a considerable amount of time working in the 

USA as well as Australia commented on the difference between Australian and American 

publics’ perceptions of the respective pharmaceutical industries and medicine. He said 

that there is a noticeably greater preference for natural remedies in Australia and that the 

public is less interested in conventional medicine, whereas in the USA there is a greater 

public understanding and awareness about the drug development process and 

pharmaceutical industry. The size and breadth of the industry in the USA is larger than 

in Australia, and the interviewee attributed the difference in attitude to the greater 

familiarity that Americans have with the industry.  

Australians seem to be more interested in, you know, unconventional 

medicine, organic-type natural product remedies, and those types of 

medicine than real drugs. And it’s reflective in the political crisis too isn’t 

it; it’s very, very hard to get new drugs registered in Australia. In the US I 

think the population understand. You meet far more people in the US who 

understand what the process is all about than you do in Australia. Yeah. 

It’s mostly because there are so many more pharmaceutical companies and 

so many people either work in the pharmaceutical industry or know people 

who work in the pharmaceutical industry. Whereas in Australia, there’s 

virtually, there’s no industry really. So no one knows [about] it. (E1, 

Industry) 

 Expert attitudes toward the pharmaceutical industry 

When discussing their views about public attitudes toward the pharmaceutical industry, 

interviewees used the opportunity to express their own attitudes toward the industry. 

Many interviewees suggested that although pharmaceutical companies have a reputation 

as being motivated solely by profit, they do provide beneficial products and are an 

important contributor to the health of society.  
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Big pharma’s got a great big sort of horrible reputation, which in some 

cases is not always undeserved. But you know, they do actually, in some 

cases they do actually produce some drugs that otherwise wouldn’t have 

been developed. (E4, Industry) 

Many of the interviewees said that although the public are not necessarily aware of the 

costs of the drug development process and are critical of the industry profit motive, they 

believed there to be some justification for the cost of medicines.  

Most think ‘wow, pharmaceutical companies they’re ripping everyone 

off’. Well, there’s a lot of money and time invested and you know, it takes 

somewhere between five and ten years to take a drug from an idea into a 

working thing. And that’s a lot of money so there needs to be some return 

for that. (E11, University) 

We often whinge about how expensive certain medications are, but it’s 

really a way for these companies to recoup some of their money. Not just 

for that process but for many developing projects which have failed and 

they still have invested a lot of money. (E12, University) 

I think it has to go hand in hand with an understanding [that] these 

companies that are operating in a capitalist profit-making system, yet 

trying to do something where the chances of failing are much greater than 

success. (E3, Industry) 

The number of drugs being discovered is reducing and they need these 

blockbuster drugs to make up for all the investment that’s put in where 

they don’t get any return on that investment. (E9, University) 

Although the expert interviewees agreed that a lack of public trust in the industry because 

of the perceived profit motive was understandable to some extent, they downplayed the 

significance of public criticisms of the industry. As discussed in Section 2.1, very few 

drug candidates that enter the pre-clinical testing stage will be approved (DiMasi, Hansen 

& Grabowski, 2003; Day, Lipworth & Kerridge, 2011), thus pharmaceutical companies 

must generate enough income to compensate for their investment into candidates that are 

ultimately unsuccessful. Interviewees said that although the cost of developing drugs and 

the focus on developing lifestyle drugs rather than treatments for neglected diseases may 

be excessive or unnecessary, the pharmaceutical industry must remain profitable in order 

to offset losses incurred when researching drug candidates that are not ultimately 

successful.  
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7.5 Conclusions 

Given the negative portrayal of the pharmaceutical industry in the media (see, for 

example, Goldacre (2013) or Miller (1992)), it was anticipated that experts in this project 

would view the public as having limited understanding and a negative attitude toward the 

drug development process. It was also anticipated that experts would believe that the 

public does not distinguish between the pharmaceutical industry and the "purely academic 

research" that lies at the heart of the drug development process. However, the results 

presented in this chapter indicate that some scientists have broader conceptualisations of 

public attitudes toward science and its motivators.  

The notion of a public deficit in knowledge is common to the PUS paradigm and has 

previously been defined, in part, as being due to a lack of trust rather than to the perceived 

risk of a new science or technology (Owens, 2000; Burchell, 2007; Wynne, 1992a; Young 

& Matthews, 2007; Macnaghten & Chilvers, 2014). The results from this project and 

those of previous research, such as the earlier investigation into chemical industry 

employee views (Burningham et al., 2007), suggest that the expert view of public as being 

"ignorant" about scientific fact persists (see also: Blok, Jensen & Kaltoft, 2008; 

Morgendorff et al., 2012). This perceived knowledge deficit has also been extended to 

encompass the perceived lack of public trust in the scientific institution. As Burningham 

(2007: 34) states, a "lack of trust in the industry is characterized as a further dimension 

of ignorance and irrationality, rather than a rational appraisal based on prior experience 

and knowledge". A more detailed investigation of the expert view of public trust in 

scientific institutions would therefore complement this investigation into expert views of 

public understanding. 

In this project, the expert interviewees also appeared to recognise the distinction that the 

public made between scientists as individual researchers and the pharmaceutical industry 

as a whole. Interestingly, interviewees referred to ‘the pharmaceutical industry’ in the 

third person, as a separate entity to themselves and their work. This phrasing suggests 

that the interviewees see themselves as separate from the pharmaceutical industry. By 

asking scientists to consider what the public thinks about their personal motives and 

research, those scientists are being asked to "imagine a view of self through the eyes of 

others" (Young & Matthews, 2007: 139). There was a noticeable difference in how 

interviewees viewed the public opinion of scientists (the self) compared with the 

pharmaceutical industry. Young and Matthews (2007) found that experts who were asked 

to explore this concept described the public as having a positive view of the research that 
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occurred in their own institution and claim public trust in their own work despite a 

negative attitude toward the industry as a whole. To see it otherwise, that is, for experts 

to say that the public does not trust the work from their own organisation, would 

destabilise the legitimacy of the experts’ own scientific claims and potentially their sense 

of identity.  

Overall, the expert interviewees attributed public misunderstanding about the drug 

development process, particularly an unawareness of the time and financial costs 

involved, to the inadequacy of information provided by the media. Biased or sensational 

media coverage is known to have a negative impact on public attitudes and concern about 

science and technology (e.g., Blok, Jensen & Kaltoft, 2008; Burningham et al., 2007; 

Lyytimäki, Assmuth & Hildén, 2009). The interviewees suggested that the emphasis 

placed on more scientific controversies in the media tends to overshadow all but the most 

negative portrayals of medicines or the pharmaceutical industry. The media tendency to 

only present the potential future outcomes of drug development research (for example, 

that a new cure for malaria might stem from a novel molecule that displays activity 

against the P. falciparum parasite) without an explanation of a reasonable timeframe for 

the testing and approval processes to take place, means it is likely that the public receives 

incomplete information with which to form an attitude. One of the interviewees suggested 

that if a compound that has been lauded as a potential new medicine then fails to appear 

on the market in the short-term (i.e., the industry fails to achieve what was promised by 

news reports), a mistrust of the industry might result. It is therefore important to consider 

what and how information is communicated to the public.  

The difference in the perception of scientists and the pharmaceutical industry is also 

important if communication about the drug development process is to be improved. 

Different groups will ascribe different attitudes, motivations and perceptions to other 

groups and objects are represented in very different ways by different groups. It is 

therefore important to understand how the different groups represent an object if a 

consensus is to be made regarding the best way to communicate (Frewer et al., 2003).  
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8 Communication about Drug Development 

If public science literacy is to be improved, the provision of scientific facts and 

information about the scientific process is important (Miller, 2004). Equally important, 

however, is public engagement with scientific information (Longnecker, 2016). It is 

therefore important to consider what information the public is interested in, as well as 

what information is needed to improve literacy. Furthermore, if the public does not trust 

an information source, they are unlikely to be attentive, even if they report being 

interested in a topic. Hipkins et al. (2002: 3) have remarked upon the need to recognise 

the "tension between the provision of validating detail and the necessity to retain interest 

and engagement of a non-science audience". The responsiveness of scientific experts and 

institutions to public needs and interest will affect the level and success of public 

participation (Petts & Brooks, 2006), and it is important that public engagement activities 

utilise information sources that the public trust and will engage with, including experts 

who see the value of communication activities.  

Public interest in the drug development process, as well as public trust in various 

information sources, the information that is provided and scientists’ views of public 

engagement are therefore all critical for improving public understanding about the 

process and the appropriate use of drugs. If public-industry communication is to be 

improved, improving engagement with the public may increase public awareness about 

the reasons for drug development and the motives behind it. This in turn has the potential 

to enable more open and objective discussions about the motives and methods of the 

pharmaceutical industry.  

This chapter explores attitudes of expert scientists working in areas associated with drug 

development and the public toward information and communication about the drug 

development process. The results of an investigation into how communication about drug 

development is regarded by the public and experts in the field are discussed herein, and 

public interest in drug development and preferred information sources have been 

explored. Experts’ views about the importance of public knowledge of drug development 

have also been investigated, and experts were asked to suggest ways in which 

communication with the public might be improved. 
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8.1 Public interest in drug development  

When the interested public were asked in Survey 1 if they "would be interested to find 

out more about the development of new medicines if information was easily available", 

the majority (75%) were very interested in knowing more about the drug development 

process. The greatest interest was reported by the interested public for topics that might 

have an immediate or personal impact on themselves, such as the potential side effects of 

medicines (Figure 8.1).  

This finding is similar to research by Gilbert, Stocklmayer and colleagues, who showed 

that although public awareness of science and technology grows slowly and unevenly 

(Gilbert, Stocklmayer & Garnett, 1999; Stocklmayer & Gilbert, 2003), critical factors that 

stimulate public awareness are interest and relevance. Public engagement with complex 

scientific issues is therefore more likely when individuals are personally affected and 

interest is high. Other studies have found high levels of public interest when science is 

personally relevant to the individual, when social benefits are recognisable, and when the 

science involves new medical techniques and treatments (Wellcome Trust, 2000; Hipkins 

et al., 2002; Eurobarometer, 2005; Lambert, Grant & Martin, 2010; Irwin & Wynne, 

1996). For example, Berry et al. (1997) found that patients are highly interested in the 

possible side-effects of prescription medicines.  

In this study, more than 50% of the interested public respondents were also very interested 

in medicine testing procedures (Figure 8.1). At this stage of the development process, the 

risks and benefits of potential new medicines are evaluated. If an unsafe drug is wrongly 

approved it may be harmful to patients. Conversely if a patient has a terminal medical 

condition, they may prefer rapid access to a new drug, even if there is a risk of harmful 

side effects. Similarly to the potential side effects of medicines, knowing about the 

approval process may be personally relevant to an individual. All other topics were given 

a moderate-high level of interest by more than 70% of the public and very few 

respondents (<6%) reported being uninterested in any of the listed topics (Figure 8.1).  
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Figure 8.1. Public interest in topics related to the development of new medicines  

Note: N (public) = 606-611. 

Multivariate regression analysis was conducted to explore demographic characteristics 

that might predict public interest. Analysis of the survey results indicated that although 

respondents were interested in all listed topics, there were some significant differences in 

responses based on demographics. Age, gender, knowledge and regular use of medicines 

were significant predictors of respondents’ level of interest (Table 8.1).  

0 25 50 75 100

Potential side effects

Testing procedures

Approval process

Reasons for development

Active ingredients

R&D personnel

Decision-makers

Percentage response

To
p

ic
 o

f 
in

te
re

st

Very interested Moderately interested Slightly interested Not interested



Table 8.1. Variables that significantly predicted public interest in topics related to drug development 

Note: [Odds Ratio (Confidence Interval low-high), p]; only significant results are presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001; 
cross-hatch indicates that the variable was excluded from the multivariate model or that the overall model was not valid. 

 Predictor variable (reference category) 

Topics of interest Gender 
(F) 

Age 
(<25 yrs) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledge 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Side effects 0.52 (0.35-0.76),  
p<0.001** 

35-54: 2.63 (1.47-4.69),  
p=0.001; 
55+: 3.61 (1.64-7.93),  
p=0.001** 

    
2-5 yrs: 3.30 (1.34-8.11),  
p=0.009* 

Testing procedures 0.59 (0.42-0.84),  
p=0.003** 

     
  

Approval process 
 

35-54: 2.22 (1.41-3.50),  
p<0.001***; 
55+: 2.77 (1.64-4.69),  
p<0.001*** 

    
  

Reasons for development 0.64 (0.46-0.90),  
p=0.009** 

35-54: 1.59 (1.02-2.49),  
p=0.040* 

     

Who researches/develops 
 

35-54: 1.88 (1.20-2.93),  
p=0.006**;  
55+: 2.39 (1.40-4.07),  
p=0.001** 

  
2.16 (1.51-3.10),  
p<0.001*** 

0.67 (0.47-0.95),  
p=0.027* 

 

Who guides development 
 

35-54: 2.33 (1.50-3.63),  
p<0.001***;  
55+: 2.25 (1.34-3.80),  
p=0.002** 

     

Ingredients 
 

35-54: 2.11 (1.34-3.33),  
p=0.001* 

 
  2.57 (1.79-3.69),  

p<0.001*** 
  2-5 yrs: 2.18 (1.22-3.92),  

p=0.009* 



Male respondents were less likely to be interested in the side-effects, testing procedures 

and reasons for development of new medicines than females (Table 8.1). As males are 

reportedly less likely to seek health advice (Smith, Braunack-Mayer & Wittert, 2006; 

Ricciardelli, Mellor & McCabe, 2012; Courtenay, 2000), these results suggest that men’s 

lower interest in health advice may extend to information about the drug development 

process. 

Interest in six of the seven listed topics was found to increase with age (Table 8.1). These 

findings are similar to those of a New Zealand study (Hipkins et al., 2002) in which 

interest in genetic testing and new medical techniques increased with age. The effect of 

age on interest level is likely to reflect the impact of an individual’s life experiences; a 

greater amount of experience with health matters over time is likely to increase an 

individual’s awareness of scientific research and therefore their interest in this area. The 

positive correlation of age on interest may also reflect the greater likelihood of relevance 

to individuals who may be increasingly aware of their health. 

An increased interest in information about drug development was also seen as a result of 

prescription medicine use. Interested public respondents who reported using medicines 

for 2-5 years were likely to report a higher interest in the ‘active ingredients’ or potential 

side-effects of medicines than non-users (Table 8.1), whereas no significant difference in 

interest level was seen when comparing long-term medicine users (>5 years) to non-users. 

These long-term users may have gathered sufficient information about medicine use to 

no longer be as interested in their treatments as they were in the early stages of 

medication. Differences in the interest levels between short- and long-term users might 

also be due to acceptance over time of the necessity of medicines and the risks and 

benefits of their use. Doran, Robertson and Henry (2005) have shown that prescription-

medicine use is based on medical necessity, which is determined by a prescribing doctor. 

Thus if the medication is necessary and a patient is prepared to accept the need to use this 

medicine over a long period of time (>5 years), they may be less concerned about the 

risks associated with the use of the medicine.  

In this project, the interested public respondents who were knowledgeable about the drug 

development process were more interested in the ‘active ingredients’ of medicines and in 

who conducts research and development activities than those who were less 

knowledgeable (Table 8.1). The higher level of interest that was reported by the 

knowledgeable respondents may be due to their greater understanding and awareness of 

the scientific concepts behind the process.  
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8.2 What should be communicated? 

In the interviews, the experts were asked what aspects of the drug development process 

they thought the general public should know more about. The experts’ responses focussed 

on four main topics: the time taken to develop a new medicine for the commercial market; 

the complexity of the science involved in the development process; the motivations for 

undertaking drug development; and the financial cost involved in developing a new 

medicine. Also suggested during interviews was the fact that publically funded research 

should be promoted more to the public, and that the development of new knowledge 

through the scientific process is important to the Australian economy (Table 8.2). There 

were few differences in the responses from interviewees working in academic settings 

compared with those employed the in industry sector, although the small number of 

interviewees precludes generalisation about attitudes of experts employed in different 

sectors.  

Table 8.2. Aspects of the drug development process that experts think the public 
should know more about 

Note: PRO=public research organisation. 

 Industry PRO University Total 

  E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12  

Timeframe  * * *   *  *     * 6 

Complexity   * *   *  *   * 5 

Motivations *    *    *  *  4 

Financial cost   * *        * 3 

Taxpayer funded      *       1 

Knowledge economy         *       1 

 

Most interviewees stated that the public are not aware of the timeframe and financial input 

needed to move a promising lead compound to clinical trials and ultimately to market 

(see also comments in Section 7.1), which takes an average of 10-15 years yet only three 

in ten new products are likely to generate enough revenue to recover development costs 

(Bradfield & El-Sayed, 2009). The interviewees suggested that by increasing public 

awareness of the time and financial investments into the drug development process, 

public acceptance of the development timeline might improve and the public might 

become more accepting of the fact that medicines must be profitable in order to offset 

investment in the industry. 
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People should have a bit more of an informed opinion rather than just 

expecting all their drugs to be produced for free. Because you’ve got to 

have some sort of understanding of, you know, about the cost and the time 

scale behind them. (E4, Industry)  

I’m sure if you’re able to sit down individually with a person and explain 

how much money is invested and the kinds of, you know, decisions that 

have to be made and that kind of thing, I do think so [it would help improve 

public opinion]. (E3, Industry) 

As well as information about the costs of drug development process, some of the 

interviewees suggested that awareness about the social factors that motivate scientists in 

this area of science is important. One of the interviewees commented that it is important 

to make it clear to the public that there is a difference between scientists’ personal 

motivations and the motivations of the pharmaceutical industry.  

I think it’d be good if the public could understand that the people who go 

in it [as a career] don’t go in it just to make lots of money. And very few 

people make lots of money. But you do go into it to discover new 

medicines. And the fact that the CEOs of some of the super, super big 

companies make a lot of money is not, most of us are not like that. (E1, 

Industry) 

This interviewee indicated that although the industry and some of its senior management 

employees were seen as being self-interested and driven by profit, this was not a major 

factor in scientists’ choice to pursue a career related to drug development (see also the 

discussion of scientists’ motivations in Section 6.2). He said that greater public 

understanding of the difference between industry marketing and academic research in the 

drug development process is important and that clarifying the distinction between 

scientists’ motives and those of the industry as a whole may improve public trust. 

Previous studies have shown that trust is dependent on motives and expertise (Siegrist, 

Earle & Gutscher, 2003), thus the public perception of motives and expertise of the 

pharmaceutical industry and scientists is likely to have a considerable effect on their 

perceived trustworthiness.  

Another interviewee suggested that it is important to better communicate the motivations 

for why scientists choose this field of research in order to attract people to study science 

and pursue careers in areas related to drug development. He indicated that the negative 

public perception of the self-interest of the pharmaceutical industry may result in fewer 

scientists choosing to pursue this field of research as a career, in turn jeopardising the 

potential for development of novel research outcomes.  
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It’s also very enjoyable and [I would say] that it’s a worthwhile occupation 

and therefore it’s worthwhile getting into. You know, maybe it’s not just 

all about the money. I mean, it’s useful. What happens when all the guys 

who are now researching die, and nobody else has heard about what they 

do [to pursue that field] and they don’t do anything? So it needs to be 

communicated in some way. One of the effective ways [to get people 

interested in science] is by mentoring, which is a form of communication. 

You know, the master-apprentice approach. (E11, University) 

Interviewees also mentioned that because so much scientific research is publicly-funded, 

it is important that taxpayers are aware of how their taxes are spent and what research 

occurs. 

Most of the research we do in this field in Australia is funded ultimately 

by taxpayers. I think it’s important taxpayers know how their money is 

spent. (E6, PRO) 

One interviewee suggested that increasing public understanding of the drug development 

process may lead to increased funding of this area of research in Australia.  

What Australia needs is more investment in the pharmaceutical industry. 

And you’re not going to get investment unless people understand it and are 

prepared to invest in it. Whereas in mining, people understand the idea of 

sinking a new mine and looking for nickel or iron or gold or whatever. Or 

gas or oil, they understand that. Australians do invest a lot in that. But drug 

discovery they don’t. (E1, Industry) 

The challenges in obtaining funding for scientific research in Australia was also 

elaborated on by one interviewee working at a PRO. He suggested that Australia has 

focussed too much on the economic benefits of mineral resources and not enough on 

funding more knowledge-based industries, which may end up decreasing Australia’s 

future global standing in science and technology. He linked public recognition of the 

value of science to government priorities and investment in research.  

I guess the ... issue that we face as scientists is that Australia has been able 

to make so much money and have such a high standard of living based on 

digging things out of the ground or agriculture. So why do you need 

science? We don’t need high-tech industries because our natural resources 

are so fantastic ... And that’s what forced these countries to, particularly 

places like Singapore, into high-tech industries - because they don’t have 

any natural resources. But what worries us is that one day we’re going to 

run out of minerals, or there’s no longer going to be any demand for our 

minerals. What do we do then? We really need to, we don’t want to be like 

some of the oil countries in the Middle East that only have oil and they’re 

not preparing for when oil’s no longer as saleable or they don’t have it at 

all. They’re just burning all the money and not preparing for the future. 

And I’m just concerned that Australia could be doing the same thing. (E7, 

PRO) 
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And I guess [PROs have] had this constant battle with trying to convince 

government that we’re more than just a cost for them, that we actually are 

creating new industries and creating wealth for the country. ... It’s a bit of 

an uphill battle in Australia. In other countries it seems to be very clearly 

understood that there’s a direct connection between scientific and 

technological profile and economic growth. So Singapore and China and 

India, [and] some of the European countries, are heaving a lot of money 

into science. And apparently it’s not just applied science, it’s any science. 

I guess they realise that ... citizens who are scientifically literate and are 

experienced in scientific areas will help them economically. But that 

connection has not been made in Australia. (E7, PRO) 

Science doesn’t have a very high profile in the government. It doesn’t have 

a separate minister for science and technology, unlike other countries. 

Basically, Australia seems to have a fairly low opinion of science if you 

take the amount of attention it gets in the media and the amount of attention 

the government gives it. And because the government is very sensitive to 

public opinion now, I think more than it was in years gone past. If the 

public doesn’t care much about science then the government’s not going 

to care much about science. (E7, PRO) 

The same interviewee (E7) emphasised the importance of knowledge-based industries 

and of generating new knowledge, not only in the context of medical research and drug 

development, but more widely. He said that research is important because it increases the 

country’s stock of useful knowledge and trains scientists who can critically evaluate 

imported information and products. 

It’s important to have practising research scientists in important fields 

working in Australia. And if we’re lucky we’ll make some great 

discoveries and make something out of it too. That would be nice but that’s 

not our only goal of having practising research scientists in Australia. ... 

The fact that we have these guys in Australia that understand these diseases 

in great detail and understand the treatments in great detail, that itself is 

probably the most valuable thing that they do. (E7, PRO) 

An important outcome of research is the scientific and technical knowledge that is gained, 

as well as the more tangible products. Indeed, a country’s science system takes on greater 

importance on a knowledge-based economy (OECD, 1996). As well as social, 

environmental and cultural benefits, research leads to considerable economic benefits for 

a country by developing new scientific techniques and instruments, forming networks, 

and increasing competencies and the capacity to solve complex problems (Salter & 

Martin, 2001). Improving public science literacy may therefore help contribute to the 

national economy and global standing.  

However, this interviewee also noted that the importance of generating new knowledge 

was unlikely to be recognised by the public. He said that if communication focussed more 

on the tangible rewards of research, such as economic gain, rather than the "esoteric" 
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benefits of generating new knowledge, the public would be more likely to recognise the 

importance of research. 

I don’t know whether the public really gets that other point, that it’s 

important to have those scientists practising, because it’s a bit esoteric. 

They may not make that connection. I think they can certainly understand 

a bit about if we make discoveries and make money out of it that’s great 

for us. And developing new industry, new scientific, science-based 

industries. I think the public would understand that. (E7, PRO) 

 Expert view of important information compared with public 

interest  

To further explore expert’s views about what information about the drug development 

process is most important for the public, Survey 2 asked the question "How important do 

you think it is that the public knows more about these aspects of drug development?" 

Topics that emerged from discussions with expert interviewees were added to the 

response items in this question, including the drug development timeline and animal 

testing. 

Although previous studies have been carried out to explore the types of information 

patients want to know about medicines, there has been dispute over what information 

should be communicated (Berry et al., 1997). As a result, to design communication and 

engagement practices appropriately, it is important to explore whether the information 

that interests the public is similar to the information that experts consider to be important. 

Nearly all expert respondents (>92%) to Survey 2 attributed some importance to each of 

the topics that were put forward. However, although the areas that interviewees suggested 

as the most important areas to be communicated were the time and cost of drug 

development, the expert survey respondents rated other topics more highly. For example, 

information about the risks of medicines, such as potential side-effects, was rated very 

highly by 72% of the experts surveyed (Figure 8.2). This finding is similar to a previous 

study that showed experts consider communication about ways to avoid, eliminate and 

reduce chemical risks to be very important (Lyytimäki, Assmuth & Hildén, 2009). The 

difference in responses may be due to the difference in question format; survey 

respondents were provided with a defined list of topics, whereas interviewees were asked 

an open-ended question about what topics related to drug development were most 

important to communicate. 
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Approximately 50% of expert respondents to Survey 2 also indicated that they think it is 

very important for the public to know about the reasons for drug development, as well as 

the testing and approval processes that are involved (Figure 8.2). An understanding about 

these activities is likely to have a considerable influence on the risk/benefit evaluation of 

medicines made by the public. The expert respondents indicated that more specific details 

about the drug development process itself, such as the stages of development, active 

ingredients and the personnel involved in research and development, were less important 

for communication. 

 

Figure 8.2. Information about the drug development process that experts considered 
important for communication with the public  

Note: N(public)=606-611, N(expert)=113-114. 

Previous studies have found a difference regarding information about side effects; 

patients generally want to know about possible side-effects of prescription medicines but 

doctors have some concerns that informing patients about side effects might reduce 

compliance with the medication guidelines (Berry, Gillie & Banbury, 1995; Ascione & 

Ravin, 1975). Risk communication is complex (Slovic, 2010; Floyd, Prentice-Dunn & 

Rogers, 2000). Effective communication about side effects would therefore need to be 

carefully prepared to ensure that patients receive the information that they want with 

enough detail to enable appropriate consideration of potential risks. 

Public interest in the various topics about the drug development process was then 

compared with the expert survey respondents’ views about the importance of those topics 

for public understanding. The table is not shown as the only item that achieved a 

significant difference was ‘reasons for development’ (χ2 (df=3, n=721)=16.70, Cramer’s 

V=0.15, p=0.001). A larger proportion of the experts, 57% said that it would be very 
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important for the public to know more about why drug development occurs, whereas only 

38% of public respondents said that they would be very interested in this topic (cf. Figure 

8.1 and Figure 8.2). The expert response is similar to interviewees’ comments about the 

importance of better communicating to the public the difference between scientists’ 

motives and those of the pharmaceutical industry. Interviewees indicated that public trust 

might be improved by highlighting the difference between scientists’ motives and those 

of the industry as a whole. The interested public appeared to be less interested in the social 

processes that impact on the pharmaceutical industry, such as the reasons or motives for 

drug development, than in more personally relevant information about the scientific 

processes, including information about side-effects, testing procedures and the approval 

process.  

 

8.3 Improving communication  

To explore experts’ views about effective methods for science communication, 

interviewees were asked to recommend practical measures that could be taken to improve 

the way in which information about the drug development process could be 

communicated to the public. The majority of interviewees suggested that school 

education may help to decrease public mistrust and misconceptions about the 

pharmaceutical industry and the drug development process. They indicated that more 

information about the process could be included in the K-12 school science curriculum 

to increase awareness of the process at an early age. 

[One of my children is] being taught about very modern aspects of 

chemistry, which is good to see. Drug discovery itself isn’t really given 

much time, there is a little bit, so maybe there could be more. But I think 

they’re trying. And obviously that’s one way to inform the public is 

through the children, through education. (E7, PRO) 

As attitudes, once formed, are enduring and are difficult to change (Ajzen & Fishbein, 

1980; Lewandowsky et al., 2012), it would be beneficial to generate positive attitudes 

toward science as early as possible if public engagement with science is to be encouraged. 

Formal science education at the K-12 school level is one way to promote public interest 

in science. 

One interviewee suggested that linking an explanation of the overall development process 

to an explanation of the economic framework, including the time and financial costs of 

the pharmaceutical industry, would provide high-school students with a better awareness 



 

 243 

of the difficulties associated with the process and hopefully promote an increased 

acceptance of the timeframe for the release of new drugs. 

Maybe at the high school level if it was somehow incorporated into 

curriculum to just give, well what was the, marry it in to kind of a business 

kind of analysis as well… I imagine you could make some kind of a course 

within an economics and a science sort of framework in secondary school 

that could at least give people a better benchmark understanding of the 

whole thing. (E3, Industry) 

In contrast to the prevailing view that early K-12 education may be useful, one of the 

interviewees said that curriculum reform may not be a practical way of providing 

information. He said that the process could only be taught in the final years of high school 

but suggested that information may be too complex at this level.  

And is it appropriate for teaching in schools? I don’t know, probably not. 

Well I mean, what are you going to teach? You can teach about the process, 

I just don’t think that even year 12 students probably [would understand]. 

... You could explain it if you put it in cartoon terms, simplistic terms, they 

could understand it. But that would be the only way you’d get the message 

across to a lot of people. ... Then again, not everyone does chemistry in 

high school. (E9, University) 

Other interviewees suggested that public lectures or press releases could be used to inform 

the public about the drug development process. 

I really think there’s a lot of effort, certainly by my institute and I think a 

lot of other institutes, issuing press releases, relationships with journalists, 

to do what can be done to get the information out there. (E5, PRO) 

They [another PRO] actually have every month, or once every two months, 

a sort of public forum in which they present some part of their research. ... 

They may have one on depression, another one on eating disorders, or 

another one on leukaemia, and they have a few people speak and then the 

audience can ask questions. And you can do things like that in drug 

discovery. So long as it’s convenient for people to get to it; that might, that 

might work. (E1, Industry) 

A number of previous studies have explored the implementation and benefits of chemistry 

education (King, 2012). One study focussed on the impact of presenting the industrial 

context of chemistry at the 12th grade level (age 17-18), and found that a relevant and 

applied picture of chemistry increased students’ awareness of the social implications of 

the industry (Hofstein & Kesner, 2006). However, Australian studies into the effect of 

teaching secondary school students about nuclear energy (Cooper, Yeo & Zadnik, 2003) 

and biotechnology (Dawson & Soames, 2006) have found that students learned more 

about technological applications and had a better conceptual understanding of the 
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scientific processes. However, students retained concerns about these technologies and 

their overall attitudes remained unchanged.  

Interviewees’ suggestions of K-12 education as an appropriate method to expose students 

to facts and the social concepts involved in the drug development process would likely 

be a useful way to improve public understanding. However, the formation of attitudes 

toward scientific concepts is far more complex and technical knowledge is just one aspect 

of this process. Possible changes or improvements to education curriculum are not 

discussed further as they are beyond the scope of this project. 

Other interviewees suggested that the media, including television, the internet and social 

media, may be a useful way to convey information to the public. The media has often 

been cited by experts as an effective method for communication with the public 

(Wellcome Trust, 2000). The science documentary show Catalyst, which was produced 

by the government-funded Australian Broadcasting Corporation at the time of the 

interviews, was mentioned by a number of interviewees as an example of an attempt to 

provide science and technology news to a wider audience. However, although the 

interviewees suggested the use of television to communicate to a wider audience, they 

indicated an uncertainty about the impartiality of this media (see also the discussion about 

media coverage in Section 8.4). 

Catalyst does a pretty good job. That’s a pretty good show and there’d be 

people who watch that who have nothing to do with science and are just 

sort of fascinated. But the demand to always have some exciting, good-

news story sort of skews the reports. I mean, I don’t know. I’m not picking 

on Catalyst in particular, but the reports ... don’t necessarily inform people 

of what the process [of research] is like. (E7, PRO) 

There’s a lot of science shows on the ABC, Catalyst and that, but I mean, 

I feel that they glamorise it a bit, and don’t put across an accurate picture. 

(E11, University) 

Morelle (2005, in Searle, 2011) found a similar attitude amongst many Australian 

scientists, who had some reservations about the media but on the whole thought that it 

was important to engage with journalists. Other studies have indicated that European 

scientists have a more positive attitude to the media than those in Australia, and consider 

news media and the internet to be important means of communicating with the public 

(Nielsen, Kjaer & Dahlgaard, 2007; European Communities, 2007; Peters et al., 2008).  

The convenience of the internet for disseminating information was mentioned by two 

interviewees. This response was not unexpected as social media and the internet have 
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become increasingly common as methods for providing scientific and technological 

information to a wider audience (Brossard & Scheufele, 2013). However, the 

interviewees noted that online information, as with other forms of communication, must 

be appropriately edited to suit the intended audience.  

I think we’ve got potential for communication. The internet, all the 

resources are available. But it’s marshalling those together to put them into 

a package that people can sort of buy and swallow, so to speak. (E11, 

University) 

[Information in drug packaging could say, for example] ‘if you want to see 

more, go to www.blah.com, to read up’ and it goes to their website, and 

it’s the public relations. Maybe have someone on there, a PR person or a 

scientist speaking. Like maybe a YouTube video or somebody speaking 

about ‘X is this, and it does that’. Something very simple, sort of like 

Catalyst style or something. (E10, University) 

One of the interviewees said that his workplace had recently implemented a social media 

campaign to provide information about their research to the wider public and he was 

optimistic about its success. 

My institute’s really started a very active campaign on scientific education 

... using Facebook and Twitter. That can only be a good thing. And I 

suspect that technology, we’d be one of the early ones to go down that 

track. So that can only be a good thing in terms of reaching people more 

widely. (E5, PRO) 

In 2008, Australia’s then-Minister for Science said that scientists "have a right as well as 

a responsibility to represent the findings of their work and to actively participate in public 

debate" (Carr, 2008; cited in Searle, 2011). Evidence suggests that the majority of 

scientists understand that they have a responsibility to communicate their research and its 

social and ethical implications with the public, and they understand the importance of this 

communication (Wellcome Trust, 2000; Searle, 2011). The interviewees in this project 

clearly understood the need to communicate and suggested a number of methods for 

communicating with the public that are already in use, including the use of the internet 

and changes to curriculum to engage students earlier at the K-12 level. However, in 

previous Australian studies, Searle (2011) and Jasudasen (2013) found that scientists are 

more inclined to engage in science communication or public engagement activities if 

these are a priority for their employers. Similarly, there was no indication from the 

interviewees in this project that the responsibility for public communication or 

engagement activities should fall to them personally, suggesting that there are still 

restrictions on scientists’ willingness and ability to engage in public communication that 

must be researched further. 
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 Preferred sources of information 

Trust in an information source is important for public reception and the public is more 

likely to believe information from a source they trust (Eiser et al., 2009). Sources that the 

public perceive to have vested interests are less trusted because judgments are made about 

the plausibility and validity of the scientific research that is presented (Hipkins et al., 

2002). For example, scientists and medical professionals are often considered to be 

trustworthy sources of information about health because they are not seen as self-

interested (Hipkins et al., 2002).  

In this project, to determine the information sources preferred by the public and experts, 

the interested public (Survey 1) and expert (Survey 2) respondents were asked to rate 

their preference for obtaining information about drug development. Primary sources, such 

as scientists and their research publications, were rated most highly by both groups 

(Figure 8.3). Of the interested public, 57% indicated a high preference for these primary 

sources, and of the experts, 79% indicated a high preference. This finding is similar to a 

Danish study in which nearly half of the public said that their preferred source of 

information was scientists themselves (Nielsen, Kjaer & Dahlgaard, 2007). 

Medical professionals, whom individuals are likely to know personally, were also ranked 

highly as a preferred source of information by a large proportion of respondents. Of the 

interested public, 49% indicated that doctors and nurses were highly preferred sources, 

and 43% indicated a high preference for pharmacists as an information source. Of the 

expert respondents, 34% indicated a high preference for doctors and nurses and 30% 

indicated a high preference for pharmacists. Previous studies have shown that health-care 

providers are traditionally seen as trusted sources of health-care information (Cotten & 

Gupta, 2004).  

Secondary sources of information, such as government, official websites and print news, 

were rated more highly than sources that might be perceived as more self-interested, such 

as the media, pharmaceutical industry, internet (blogs, discussion forums, etc.) and 

advertisements. These latter sources were ranked very poorly, receiving a high preference 

rating from fewer than 10% of the public. These results are similar to those of the 

Wellcome Trust (2000), which showed that journalists and other sources perceived to be 

self-interested were not trusted by the public as sources of information.  

Other studies have shown, however, that this distrust does not extend to all forms of 

journalism. Hipkins et al. (2002) found that 52% of the public trusted television 
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documentaries and 45% trusted television news/current affairs programs to provide 

information about health and medical topics. In this project, fewer than 25% of the 

interested public and expert respondents rated a moderate to high preference for 

information from television news sources (Table 8.3).  

Despite trusting the government less than the pharmaceutical industry to guide the drug 

development process, survey respondents preferred government sources of information 

to those stemming from the pharmaceutical industry. Although the level of expertise of 

the pharmaceutical industry is perceived be higher, giving them more credibility than the 

government for making appropriate decisions about drug development, the reduced trust 

in the information they provide is likely due to the perception that the industry is self-

interested and profit-driven (Ennis & Slattery-Moschkau, 2006 in Brown & Calnan, 

2012). Decreased trust in both government (Wynne, 1992a; Kurath & Gisler, 2009) and 

industry has been observed over recent decades (Gamero et al., 2011), yet the results of 

this project suggest that the public still trust the government to act in the public interest 

regarding the drug development process. This may not be the case in all areas of science, 

however. Dietrich and Schibeci (2003: 392), for example, have shown that there is a lack 

of trust in the information provided by both "the political and scientific institutions in 

charge of biotechnology’s innovation." 

 



 

Figure 8.3. Preferred sources of information about the development of new medicines 

Note: N (public) = 808-818, N (expert) =112-115.  
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While the relative preferences for sources of information are largely similar, there are 

unsurprisingly some significant differences between preferences of interested public and 

experts for sources of information. When the responses of the interested public and 

experts were compared, experts reported a higher preference than the interested public 

for obtaining information about drug development from scientists/journals (χ2 (df=3, 

n=911)=27.58, Cramer’s V=0.17, p<0.001) and the pharmaceutical industry (χ2 (df=3, 

n=917)=32.53, Cramer’s V=0.19, p<0.001; Figure 8.3). In contrast, the interested public 

reported a significantly greater preference for obtaining information from medical 

professionals (doctors/nurses: χ2 (df=3, n=929)=16.18, Cramer’s V=0.13, p=0.001; 

pharmacists: χ2 (df=3, n=927)=14.33, Cramer’s V=0.12, p=0.002).  

Experts reported a significantly lower preference for obtaining information from 

advertisements (χ2 (df=3, n=928)=12.17, Cramer’s V=0.12, p=0.007), print news (χ2 

(df=3, n=924)=19.26, Cramer’s V=0.14, p<0.001), unofficial internet sites (e.g., blogs or 

discussion forums; χ2 (df=3, n=907)=8.69, Cramer’s V=0.10, p=0.034) and consumer 

advocacy groups (χ2 (df=3, n=912)=9.76, Cramer’s V=0.10, p=0.021) than the interested 

public. Although the interested public who responded to this survey demonstrated a 

higher level of knowledge about drug development than would be expected in a general 

population, experts’ knowledge was considerably greater and their preferred information 

sources were different. The expert preference for primary sources and the interested 

public’s preference for obtaining information from medical professionals suggest that 

knowledge and training and a preference for primary sources may be linked. Individuals 

with training in a specific scientific area will have a greater understanding and familiarity 

with primary sources. It is unsurprising then that they might be expected to prefer primary 

information and have greater access to these sources (e.g., scientific journals) than a 

general population. These results are similar to earlier studies into preferred sources of 

health-care information, which showed that the public prefer to visit their physician for 

specific health information, despite the ease of obtaining information online (Hesse et al., 

2005). In contrast, physicians, who are already knowledgeable about health, prefer to 

obtain information from journals, books or colleagues (Haug, 1997). It would be 

interesting to observe whether there is greater use of primary sources by an interested 

public in the future, with the increase in open access publishing and a greater use of social 

media by researchers to share information directly.  

Experts’ higher preference for the pharmaceutical industry as an information source is 

similarly likely to be linked to their knowledge about the industry, their trust in this group 
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(see comparison of public and expert trust in the pharmaceutical industry in Figure 6.3) 

and their access. Although previous studies have shown that the public rely more heavily 

on the perceived trustworthiness of a information source than experts (Siegrist & 

Cvetkovich, 2000), in this project, the interested public and expert survey respondents 

expressed similar levels of trust in medical professionals and scientists (Figure 6.3). 

Despite the reported lack of trust in the industry and concerns about industry motives 

(Figure 6.1), both the interested public and experts preferred to receive information about 

drug development from the pharmaceutical industry (a primary source). This suggests 

that the scientific expertise of the pharmaceutical industry and direct knowledge about 

the drug development process offset public mistrust, making the industry a primary and 

accepted source of information.  

Using multivariate regression analysis, gender, age, background and knowledge were 

found to be the best predictors of interested public respondents’ preferred sources of 

information (Table 8.3). Due to low cell counts in the regression model, regression 

analysis was not valid for the item ‘print news’. This item was therefore excluded from 

the analysis.  



Table 8.3. Variables that significantly predicted public preferences for sources of information about drug development  

Note: [Odds ratio (Confidence interval low-high), p]; only significant results are presented; OR>1 indicates a positive association, OR<1 indicates a negative association; * p<0.05, ** p<0.01, *** p<0.001; 
cross-hatch indicates that the variable was excluded from the multivariate model. 

 Predictor variable (reference category) 

Source of information Gender 
(F) 

Age 
(<25) 

Education 
(undergrad.) 

Related background 
(no background)  

Knowledge 
(no) 

Familiarity 
(yes) 

Medicine use 
(<3 m) 

Research scientists/ 
journals 

  35-54: 0.55 (0.36-0.82), 
p=0.004* 

 
1.74 (1.23-2.47), 
p=0.002** 

2.85 (1.88-4.32), 
p<0.001*** 

  

Doctors/nurses 0.70 (0.53-0.94), 
p=0.017* 

      

Pharmacists 0.58 (0.43-0.77), 
p<0.001*** 

25-34: 0.62 (0.46-0.89), 
p=0.009**; 
35-54: 0.54 (0.37-0.79), 
p=0.002** 

    
2-5 yrs: 1.97 (1.17-3.31), 
p=0.011*; 
10+ yrs: 1.69 (1.10-2.61), 
p=0.017* 

NGOs   35-54: 1.67 (1.14-2.45), 
p=0.008** 

     

Government website   
 

tech: 0.40 (0.24-0.66), 
p<0.001*** 

    

Internet (official)   
     

  

Government print   
      

Consumer groups 0.67 (0.50-0.89), 
p=0.005** 

35-54: 2.98 (2.03-4.38), 
p<0.001***; 
55+: 2.83 (1.81-4.43), 
p<0.001*** 

  
0.64 (0.47-0.87), 
p=0.004* 

  

Internet (informal) 
   

0.52 (0.39-0.68), 
p<0.001*** 

   

Pharmaceutical industry   25-34: 0.53 (0.38-0.73), 
p<0.001*** 

     

TV/radio news 0.56 (0.42-0.76), 
p<0.001*** 

  
0.55 (0.41-0.73), 
p<0.001*** 

   

Advertisements 
    

0.40 (0.28-0.56), 
p<0.001*** 

  



Self-reported knowledge and related background were the most significant predictors of 

public preference for information sources. Respondents with knowledge or a background 

related to drug development were understandably more likely to report a lower preference 

for obtaining information from sources that might have otherwise vested interests, such 

as advertisements, journalists and the media (Table 8.3). They also reported a lower 

preference for obtaining information from consumer advocacy groups. These respondents 

preferred to obtain information from primary sources, such as the pharmaceutical industry 

and scientific journals, which corroborates the previous finding that greater knowledge 

correlates with a higher preference for primary sources and technically detailed 

information.  

Respondents who reported being less knowledgeable were much more likely to prefer 

unofficial websites as a source of information about drug development. These websites 

can offer advice in a variety of formats, including blogs, email, bulletin boards and 

discussion forums. Previous studies have shown that websites can also provide a high 

level of peer support and in-depth experiential knowledge about specific health issues 

(Armstrong & Powell, 2009; Sillence et al., 2007). Support and stories are important 

factors in whether and how people engage with information (Longnecker, 2016). Access 

to health-related information online has grown steadily and individuals have been found 

to increasingly value different types of expertise and experiences (Sillence et al., 2007). 

This is in contrast with the websites of large organisations, such as pharmaceutical 

companies or NGOs, which can be more regulated or restricted in the information they 

provide.  

Male respondents rated a lower level of interest in the drug development process and a 

lower preference for receiving information from medical professionals than females. 

These results corroborate results from other research that shows men are less likely to 

seek help from medical professionals and will choose instead to seek information and 

heath advice from partners or friends before seeking professional help (Smith et al., 

2008).  

Respondents who had been taking prescription medicines for a long period of time (2-5 

yrs, 10+ yrs) preferred to receive information from pharmacists. This is not surprising 

given that these respondents are likely to have a long-term and possibly personal 

relationship with the providers of their medicines. This supports the previous findings of 

this project, which showed that the level of trust in medical and related health 

professionals is higher than in other sources (Table 6.3). 
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8.4 Challenges with communication about drug development 

When asked about communicating drug development research, the interviewees noted 

that there were challenges regarding communication with the public. The level of public 

knowledge and interest in the drug development process, the complexity of information 

and the controversial nature of some aspects of the process were all said to have a negative 

influence on communication. In particular, the complexity of chemistry concepts and 

processes, despite the tangible products or outcomes of medicinal chemistry and drug 

discovery, was highlighted as making the research process difficult to explain.  

It’s very hard to explain drug development in that you go from sort of basic 

science, then you do some safety, then you go to people who are dying and 

have no other way of being cured, great, and then third stage is sort of big, 

big pools of study. (E10, University) 

Some of the interviewees said that even to explain the complexity of their work to family 

members was difficult. 

It’s taken me long enough to try and explain to my own family! (E4, 

Industry). 

I was very aware that it was difficult to explain to my family for example, 

and I guess now the public, why you do something unless it has a practical 

application. (E9, University) 

One of the university academics said that although information provided to the public 

must be uncomplicated, it was also likely to be largely ignored by all except those 

individuals who are particularly interested in the drug development process.  

You’ve got to be very careful with how to explain things. ... In the general 

populace that maybe don’t care, just leave it. Let it ride. It should be readily 

available for those people who want to know. Putting it in the package of 

every box, people aren’t going to read it. (E10, University) 

A study conducted by The Royal Society (2006) suggests that scientists in the UK are 

evenly divided on whether their work is too complicated for the public to understand. 

Both views were presented by the interviewees in this project; indeed, one interviewee 

presented both ideas at different times during his interview. He first suggested that the 

complexity of the research process made it difficult to communicate with the public at 

the level of detail that might be required to increase science literacy. Later, he suggested 

that by using a familiar metaphor or framework that a non-expert individual can relate to, 

in this case "molecular Lego", information might be better conceptualised and a better 

public understanding of the concepts under discussion could in turn lead to more 

productive interaction between experts and the public.  
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You start with a lead compound and imagine a construction out of Lego, 

then you take a few blocks off here. And put some different colour blocks 

off and different colour blocks on, and different shaped blocks. And those 

changes to the structure affect the properties of the drug. (E9, University) 

Many interviewees also noted that it was difficult to draw public attention to drug 

development research and outcomes.  

I think it’s always good for the general public to know more about these 

sort of things, but you can’t force it down their throat either. ... You can’t 

make everyone read it. (E9, university) 

You can lead a horse to water but you can’t make it drink. (E5, PRO) 

Interviewees emphasised that more controversial areas of science, such as climate change 

or vaccinations, currently compete for public attention, making public communication 

about drug development particularly challenging. 

It’s competing with other problems such as climate change and global 

warming, so that sometimes I wonder if it may fall off, not off the agenda, 

but out of vogue to an extent. (E5, PRO) 

I suspect the rate limiting factor [in communicating about the drug 

development process] is the Joe Blow general public having other things 

bombarding him or her for attention. (E5, PRO) 

Other studies have also found that newer technologies or scientific issues receive a 

considerable amount of media and public attention, particularly when they stimulate 

controversy, which can be to the detriment of public awareness about other scientific 

topics (Bultitude, 2011; Savadori et al, 2004).  

Interviewees also mentioned that controversial stages of the drug development process 

itself were a major challenge in communicating about drug development. They said that 

animal experimentation, whilst necessary, is a particularly emotive aspect of the drug 

development process and is often not disclosed to the public because of concerns about 

the possible negative response to the issue. 

I think the major issue that we have in the drug discovery field, in talking 

about how drugs are discovered, is to talk about animal experimentation. 

Of course it’s very much an emotive topic, people immediately think of 

monkeys with electrodes in their head and some of the horrific footage 

we’ve all seen on TV. So because of that caution in talking about animal 

experimentation I think that we don’t often talk about drug discovery in all 

its stages. ... Despite how much we do know these days, there’s still 

nothing that we have in terms of test tubes or computer models that goes 

anywhere near the complexity of information that you can derive from the 

animal model of a drug. ... [Animal experimentation] in the latter stages of 

optimisation really is [necessary], and explaining that to laypeople is not 
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trivial. ... It’s a really hard thing to talk about because there is this kind of 

knee-jerk reaction to it. (E6, PRO) 

Animal testing is obviously a very controversial thing for medicinal 

chemistry and drug development. And you might get people that are 

convinced that the testing on animals is completely unnecessary, which I 

would disagree with. ... We don’t have the technological capacity to assess 

compounds before going into a human that can match that. (E3, industry) 

The disclosure of details about animal experimentation can risk increasing public 

misunderstanding of the work and threats from animal rights activists (Holmberg & 

Ideland, 2012; Birke, Arluke & Michael, 2007). In their 2012 study, Holmberg and 

Ideland spoke to researchers, animal technicians and members of animal ethics 

committees in an investigation into how selective openness about animal experimentation 

preserves the public knowledge deficit, in turn restricting public debate about this area. 

Experts were found to view the general public as being genuinely dedicated to issues of 

animal welfare, yet unaware of the true nature and practice of animal experiments. Birke 

and colleagues (Michael & Birke, 1994; Birke, Arluke & Michael, 2007) suggest that this 

type of view is a form of 'othering' or 'outsiderness', which enables scientists to distinguish 

groups with whom scientific debate about complex ethical or scientific issues is not 

necessary. This in turn enables scientists to legitimize avoiding public engagement at the 

risk of inciting possible controversy (Holmberg & Ideland, 2012).  

Although the widespread public criticism of animal testing of pharmaceutical and 

cosmetic products was acknowledged by these interviewees, they highlighted the 

necessity of animal testing in the drug development process. They asserted that no other 

method of testing drug leads has provided as much information about the effect of new 

drugs in a biological system as animal studies. One of the interviewees said that "there is 

probably an area of education there, to identify reasons why we do it [animal testing], and 

the value it brings to the scientific process" (E6, PRO). 

Interviewees were critical of the fact that television shows, in particular current affairs 

programs, but also science programs such as Catalyst (see also comments in Section 8.3), 

exaggerated or were selective about the scientific facts that they reported. The influence 

of media embellishment was mentioned by one interviewee as something that can have a 

negative impact on the effective communication of scientific information. He referred to 

an episode of a current affairs program that he had watched days earlier (Sweet Poison, 

2012) that was "about ‘sweet poison’, about sugar. About how you can stop eating sugar 

and you can lose weight" (E10, University). He was frustrated by the one-sided way in 
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which the science was presented and that the presenter did not explore the complexity of 

the issue.  

It might be good to know [more about drug development], but I guess it’s, 

it comes down to who is giving out that information. ... There was this 

article [on a current affairs program] ... just such a stupid article. And that’s 

the danger of the public knowing more - when you get people [journalists] 

who portray it like that. People then are like "oh I’m not taking that". It’s 

fear factor. ... The easiest way for him to do it [present the correct 

information] would be to say there are simple sugars and complex sugars. 

... They are not the same thing. That all that was really required, and to 

explain things better than just saying sugar sugar sugar sugar. (E10, 

University) 

He went on to say that it is difficult to explain scientific concepts about the drug 

development process or pharmaceutical products without increasing public 

misunderstanding or creating hype.  

I think yes the public do need to know more, but it needs to be explained 

very, very simply. ... To explain how a drug for Parkinson’s disease or a 

drug for cancer [works], you’d have to be very careful. (E10, University) 

Scientists are often critical of media coverage (Besley & Nisbet, 2011), and Australian 

scientists in particular have been found to believe that "the media’s coverage of scientists’ 

achievements is often over-hyped and does not portray the underlying research" 

(Department of Industry Science and Tourism, 1996, cited in Searle, 2011). Other studies 

have shown that scientists believe the public can be swayed by biased or sensational news 

coverage (De Boer et al., 2005; Petts & Brooks, 2006; Burchell, 2007; Burningham et al., 

2007; Krystallis et al., 2007; Young and Matthews, 2007; Blok, Jensen & Kaltoft, 2008). 

Media hype has been shown to inflate public expectations and, if promises are unmet, the 

result is a considerable loss of public trust (see references in Master & Resnick, 2013). 

The media has also been criticised as emphasising the views of special interest groups 

over those of scientists or other impartial experts, which can have a negative impact on 

public opinion (Burchell, 2007; Cook, Pieri & Robbins, 2004; Michael & Brown 2000). 

Another interviewee referred to the commercialisation of research as a challenge that can 

affect the communication of scientific research. He said that researchers increasingly 

"lock [results] up in patents" (E11, University), delaying publications and making 

research outcomes less widely available to other researchers and the public.  

The concepts of intellectual property and patenting and all that prevents a 

lot of disclosure of what researchers are doing. I understand that, but it’s a 

way of slowing the progress, the rate of progress down. ... [I would] 
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certainly say there are difficulties with the progress of scientific research 

because of those ideas. (E11, University) 

Although there has been an increase in the commercialisation of research and patenting 

of results, there has also been demand for more transparency in research results. This is 

particularly the case for drug development research, in which greater openness about 

potential drug leads and the sharing of intellectual and technological resources across 

industry and academia may enable the faster development of new medicines for 

pandemics or neglected diseases (Edwards et al., 2009; Munos & Chin, 2009). 

 

8.5 Potential effects of improved communication and public 

awareness 

When asked whether the general public should know more about the development of new 

medicines, 85% of the expert survey respondents to Survey 2 agreed or strongly agreed 

that this is important (Figure 8.4). Interestingly, 10% of expert respondents stated that 

they neither agreed nor disagreed. This response may be related to the challenges 

associated with communication about this area of research. All expert interviewees 

indicated that it is important for the public to know more about the process of drug 

development; responses included: "Oh I think yes, definitely" (E2, industry); "it could 

only help, for sure" (E5, PRO) and "it can only be a good thing if people understand a bit 

more about ... the processes behind drugs" (E4, Industry). 

 

Figure 8.4. Experts' view on whether the general public should know more about the 
development of new medicines  

Note: N (expert) = 115.  
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In this project, most of the interviewees seemed to support the deficit model of public 

understanding. They suggested that education or the provision of information would 

directly improve the public understanding and therefore acceptance of drug development 

research. 

Being a scientist, I am very strongly of the opinion that knowledge is a 

good thing, and that it, when people do have a firm grasp of what are 

considered the well-regarded facts in your field, then their understanding 

is much greater. So yeah, education is key, definitely, it’s just how can you 

most easily disseminate it. (E3, Industry) 

The possibility of increasing public support and research funding were cited as potential 

benefits of improved public understanding about the drug development process.  

I think in general people would be positive towards the notion of publically 

funded medical research if they were sufficiently educated on the issues 

about it. (E5, PRO) 

Whenever I go somewhere and people ask what you do and I start talking, 

people go ‘oh that’s really interesting!’, you know ... cures for cancer and 

all that. The public perception, I think, if I were to be supported by, truly, 

public opinion, there might be more money coming our way rather than 

being some assessment by some sort of peer group or scientific committee 

or what have you. The public are much more accepting of the idea that 

there must be cures for cancer out there. The scientific community are 

perhaps less excitable. (E11, University) 

Science communication research has demonstrated that increased knowledge and 

understanding does not necessarily lead to more favourable attitudes (Petts & Brooks, 

2006; Bauer, Allum & Miller, 2007; Longnecker, 2016). There were indications that some 

of the experts interviewed in this project had a more insightful conceptualisation of the 

public understanding of science and did not subscribe completely to the deficit view. One 

interviewee said that improving the availability of information would not necessarily 

increase acceptance of the process.  

Well, there’s one thing to know how it [the process] works, but if you know 

how it works, that doesn’t necessarily mean the person will think we 

should invest in it. Because if they [the public] knew how difficult and 

complicated it is, and how long it takes, they might just say, "Why don’t 

we just leave it to those northern hemisphere countries and we’ll buy it 

from them? Why are we bothering?" (E7, PRO) 

Another interviewee acknowledged that even individuals with a science degree can find 

it difficult to understand the steps and difficulties involved in scientific research. He 

elaborated that a research degree, even a one-year research project such as the Australian 

tertiary Honours degree, can give an individual a better understanding of the research 
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process. This response suggests that improving familiarity with the scientific research 

process might enable an individual to critically evaluate scientific information for 

themselves and to form a more informed attitude toward that science, rather than solely 

relying on the trustworthiness of the information source.  

I think that even people who haven’t done Honours, who might have a 

Bachelor of Science degree but haven’t done Honours and essentially have 

done no research, have a very skewed view of what research is. ... Even 

people with a Bachelor of Science probably have not much idea of the 

steps you go through from choosing a target to actually coming up with a 

drug. (E7, PRO) 

Indeed numerous studies have found that an increase in public knowledge can result in a 

broader range of attitudes toward science, both positive and negative (Evans and Durant, 

1995; Allum et al., 2008; Kahan et al., 2012). It is clear that improving science literacy is 

not a solution for improving attitudes in and of itself; however, a move beyond the deficit 

model of public understanding is likely to allow for more productive communication 

about science between experts and the public (Longnecker, 2016; Ko, 2016).  

 

8.6 Conclusions 

To improve science literacy and public engagement with science, it is important that both 

scientists and the public see value in the information that is shared. The results of this 

chapter suggest that both groups do consider communication about the drug development 

process to be important. The level of public interest in drug development research is high; 

with respondents indicating they were most interested in information about medicines 

and the drug development process that might have an immediate or personal impact on 

themselves, for example side effects and testing procedures. As medicine use and age 

(which may be related an individual's experience with medicines) increased, public 

interest in these topics also increased. 

When experts were asked about public engagement and communication, interviewees 

recognised that the public is interested in drug development research and appreciate the 

importance of this area of research. However, they said that overall, the public lack 

knowledge about the drug development process and trust in the pharmaceutical industry. 

Both interviewees and the expert survey respondents suggested that improving public 

understanding of the drug development process and the pharmaceutical industry would 
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be beneficial and might help to improve the public opinion of the drug development 

process, if not the pharmaceutical industry as a whole.  

Interviewees suggested that technical information about the process, such as time and 

financial costs, were the most important topics to communicate to the public. This is in 

contrast to public respondents, who were most interested in information that might affect 

them directly, such as the potential side-effects of medicines. The interviewees said that 

more transparency about the costs and challenges involved in drug development might 

help to improve public understanding about the reasons behind pharmaceutical marketing 

strategies. They also said that public awareness about the demarcation between industry 

marketing processes and the academic research that initiates the drug development 

process was important. By making a distinction between scientists’ motives and industry 

marketing processes, and revealing the difficulties, delays and costs that are encountered 

in research, public understanding, trust and attitudes toward the process might be 

improved. 

A number of the interviewees mentioned that information about the drug development 

process is freely available online. Many interviewees agreed that the public was generally 

prepared to engage in discussion about drug development and the reasons for that 

research, despite the public not seeming to search for information themselves. The 

existing level of public interest in drug development research and interest in accessing 

related information is therefore an important consideration if communication about the 

drug development process is to be improved.  

The interviewees suggested a number of methods that could be used to engage the public 

in discussion about the motives and methods that lie behind the drug development 

process, but noted various challenges associated with improving communication. Many 

interviewees suggested changes to K-12 science education and the delivery of public 

lectures, yet some interviewees believed that these measures would only reach a limited 

number of people. Similarly, although the media, including television documentaries and 

social media, was mentioned as a way to reach a larger audience, some of the interviewees 

were critical of using this method to increase public understanding because of the 

propensity for misrepresentation of science. Interviewees said that information about the 

drug development process was difficult to communicate because of the complexity of 

information and the controversial nature of different stages of the process. In particular, 

public concern about the use of animal models prohibited broader communication about 

all stages of the drug development process. 
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Although interviewees said that it was important for communication to be improved and 

for the public to know more about the drug development process, not all agreed that 

improving knowledge would directly improve public attitudes toward the process. The 

relationship between knowledge and acceptance of science and technology is complex 

and it is not only knowledge that influences acceptance, but also trust. The provision of 

information does not necessarily improve public opinion; rather, the source of 

information and what facts and values are communicated must also be considered. 

If public science literacy is to be improved, the provision of scientific facts and 

information about the scientific process is important. Equally important, however, is 

improving public engagement with scientific information. The results of this research 

suggest that there are differences between the information that experts consider important 

to communicate to the public and the information that most interests the public. It is 

therefore important that public engagement activities consider what information the 

public is interested in, as well as what information is needed to improve science literacy.  

The responsiveness of scientific experts and institutions to public needs and interest will 

also affect the rate and success of public participation. It is important that public 

engagement activities utilise information sources that the public will trust and engage 

with, including the involvement of experts who see the value of communication activities. 

If the public does not trust an information source, they are more likely to criticise or 

disregard the information being provided, even if they report being interested in that topic.  

Public interest in the drug development process, as well as public trust in various 

information sources, the type of information that is provided and scientists’ views of 

public engagement will impact on the success of public engagement activities. Each of 

these factors and the interaction between the public and experts are therefore critical for 

improving public understanding about the drug development process.  
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9 Conclusions and Recommendations 

This study was designed to investigate scientific as well as social processes that underpin 

an established and relied-upon technology: the development of pharmaceutical 

medicines. The first aim of this project was to undertake an original research project into 

the early stages of the drug discovery process. This was done by investigating the total 

synthesis of a class of recently isolated natural products, the flinderoles, which possess 

antimalarial activity.  

The experience and understanding of the drug development process that I developed from 

my chemistry research was then utilised to develop a science communication research 

study which aimed to:  

 Identify public and expert attitudes toward medicines and the drug development 

process; 

 Investigate the factors that the public perceives to have an influence on drug 

development and whether experts’ actual motivations are aligned with those 

perceptions;  

 Explore how experts working in the field of drug development view public 

understanding and attitudes toward that process; and  

 Identify topics related to drug development that experts working in this field 

consider to be most important for communication with the public; and 

 Determine whether the public is interested in learning more about the process. 

 

9.1 The synthesis and biological assay of novel bis-indole 

compounds 

By investigating the total synthesis and preparation of bis-indole analogues of a 

biologically active class of natural products (the flinderoles), I developed a deep 

understanding of and experience with the type of research that is conducted during the 

early stages of the drug discovery process. Preliminary attempts at using the ruthenium-

catalysed Grubbs metathesis reaction to couple model indole substrates resulted in the 

successful preparation of a range of bis-indole compounds that are structurally related to 

the flinderoles. The efficiency and economy of this reaction makes it a useful method for 

future synthetic operations. The bis-indole compounds prepared in this study were shown 

to inhibit the growth of Plasmodium falciparum with a similar level of activity to a drug 
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that is currently in clinical trials for use as a combination antimalarial therapy (i.e., the 

antibiotic macrolide azithromycin (Pereira et al., 2011, Chandra et al., 2013)).  

The simplicity of the synthetic preparation of the bis-indole compounds and the moderate 

potency of these compounds against both CQ-resistant and CQ-sensitive strains of P. 

falciparum call for further investigation of this class of compounds as a potential 

adjunctive malaria treatment. Further studies to identify structure-activity relationships 

and the pharmacophore of these compounds are necessary in order to identify whether it 

is possible to improve the potency of the bis-indole compounds. If this could be achieved, 

these bis-indole compounds may potentially form the basis for development of a new 

class of effective antimalarial compounds for malaria combination therapy. 

 

9.2 Publics, experts, communication and drug development  

The main goal of this science communication investigation was to explore public and 

expert attitudes toward the drug development process and develop an understanding of 

the differences between the ways that these groups regard the process in order to facilitate 

communication and bridge the gap between expert and lay views. There were three main 

findings in this project: 

1) Although the interested public was skeptical about the motives of the pharmaceutical 

industry, nearly all respondents, both public and expert, valued and were willing to use 

pharmaceutical medicines with little hesitation.  

2) The interested public made a distinction between the motives of individual scientists 

working in the field and the motivations that guide the drug development process and the 

pharmaceutical industry as a whole. Experts recognised that the public saw a difference 

between the industry and scientists but said that this distinction should be emphasised 

further in an effort to promote greater public trust in the scientists who conduct research.  

3) Both the interested public and experts working in areas related to drug development 

supported the idea of improved communication about drug development. The interested 

public were typically interested to know more about the process and experts considered 

it to be an important area in which to improve education. These findings suggest that by 

improving existing sources of information and communication practices, better 

communication between the public and experts might be possible. How best to implement 

those practices is an important area for further research. 
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 Attitudes toward medicines, drug development and the 

pharmaceutical industry  

As part of this research, I explored the views of the general public towards one aspect of 

the modern medical system. As Williams & Calnan (1996a) have previously suggested 

about the medical system as a whole, the respondents in this project displayed a 

complicated mixture of attitudes toward the drug development process, revealing a 

combination of general acceptance with a more active and critical stance. A passive, 

blanket dependence on medicines and the pharmaceutical industry does not exist; rather, 

a considerable proportion of respondents questioned the motives that are seen to influence 

the industry’s research and development investments.  

Trust and attitudes are influenced by both perceived expertise and motives. Results of this 

project suggest that the interested public perception of the pharmaceutical industry as 

self-interested was strong enough to counteract acknowledged industry expertise, 

resulting in a public distrust of this stakeholder. However, criticism of the industry did 

not appear to reduce the interested public’s willingness to use pharmaceutical medicines. 

The majority of respondents said that medicines were helpful or at least necessary for 

good health, and they were positive about the importance of these products. It appears 

that the global importance and the personal and social benefits of these products mean 

that although the public questions motivations of the pharmaceutical industry and 

recognises the potential risks of products, there is still wide acceptance of conventional 

pharmaceutical medicines.  

Both public and expert respondents reported a generally strong preference for 

conventional medicines; however, there was a difference in the attitudes of these groups 

toward the pharmaceutical industry. Experts were less critical of the pharmaceutical 

industry and the motives for research and development than the public. They said that 

although the public was justified to some extent in their criticism of industry motives and 

the pricing of medicines, they indicated that this was a necessary consequence of the cost 

of research and development in this industry.  

Previous research has been undertaken to investigate public attitudes toward specific 

medicines (Angermeyer & Matschinger, 2004), clinical research (Nielsen & Møldrup, 

2006) and industry marketing practices, yet to the best of my knowledge, this project was 

the first exploration of public attitudes toward the drug development process on which 

the pharmaceutical industry is founded. This project has provided important insight into 
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public attitudes toward the drug development process, which are founded mainly on the 

perceived motivations and hence trustworthiness of the industry. Further research would 

be beneficial for developing a deeper understanding of the reasons for the identified 

attitudes. Pardo and Calvo (2002) described the need to move beyond labelling attitudes 

in basic terms as positive, negative or ambivalent and instead recognise the need to "make 

room for research on more complex, qualitative, and non-linear sets of relationships that 

may exist" (Pardo & Calvo, 2002: 189). This would include consideration of the different 

attitudes and values that the public use to evaluate science, such as: 

Questions [about] economic usefulness, moral considerations, issues 

concerning the perception of nature and the natural, perceptions of risk and 

technological stigma, concerns about the complexity of contemporary life, 

about health benefits for humans, or about impacts on the social 

stratification of specific countries and between different types of countries. 

(Pardo & Calvo, 2002: 189) 

Each of these areas is likely to have a differing level of importance to different individuals 

and the scope of investigations to explore these is vast. Future research into public 

attitudes should be targeted to these or other areas that contribute to the formation of 

attitudes in order to develop a comprehensive view of public views of the drug 

development process and the pharmaceutical industry.  

 Motivations of scientists and the pharmaceutical industry 

The expert interviewees in this project, who all trained as medicinal or organic chemists, 

reported motivations that are widely typical of scientists (see, for example: Eiduson, 

1962; Shewan et al., 2005; Jindal-Snape & Snape, 2006; Lounsbury et al., 2012; Venville 

et al., 2013). The interviewees were motivated by an intrinsic interest in their chosen area 

of science and valued the ‘ribbon’ rewards (Lam, 2011) of publication and ensuing peer 

recognition that could be achieved as a result of publishing and presenting research 

findings. A combination of intrinsic interest and pro-social motivations was reported by 

all of the interviewees, and many also reported an interest in the rewards generated from 

publications. However, within the context of drug development research, recognition 

appeared to be a less important motivation for choosing to work in this field than has been 

previously reported (Clarke, 2002; Hong & Walsh, 2009).  

The ultimate goal of this field of research is the development of a marketable new 

medicine; potential restrictions on publishing research due to industry or client 

confidentiality factors did not appear to affect an interviewee’s choice to pursue a career 

in this field of research. The interviewees were able to rationalise and accept that 
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increased pressure to patent discoveries and commercialise research could cause delays 

or even restrictions on the traditional and highly-valued publication reward system, but 

this was mitigated when the alternative reward was a tangible and valuable product. That 

is, interviewees prioritised their interest in the scientific process and the potential future 

reward of developing a product that is useful and beneficial to society over publications. 

As only a small number of interviews was carried out in this project, it would be useful 

to explore the motivations of a larger group of scientists to determine whether there are 

any differences in motives based on characteristics such as place of employment, age or 

length of service. 

The public perception of scientists’ motivations for choosing to pursue drug development 

was similar to the motives that were reported by scientists themselves. The public 

recognised that scientists were motivated by intrinsic and pro-social reasons, rather than 

rewards such as personal financial gain. It is promising that actual and perceived scientist 

motives are similar if communication about the process is to be improved. Scientists have 

been described as the ‘guardians of science’ (Searle, 2011), and direct communication 

between these ‘guardians of science’ and society is key for encouraging public 

engagement with science.  

One of the most important findings from this investigation was that the interested public 

opinion of scientists is different to their opinion of the pharmaceutical industry. The 

public perceived scientists as being more trustworthy than the pharmaceutical industry 

based on the differences in their motives. Unlike scientists, who were seen to hold mainly 

pro-social and intrinsic motivations for pursuing this field of research, the industry was 

perceived to be primarily motivated by self-interest and profit margin. Despite reporting 

a willingness to use medicines, the interested public’s perception of industry self-interest 

and their reported lack of trust in the industry can have a significant impact on broader 

public attitudes toward the medical system, as has been seen in the controversy 

surrounding vaccination.  

 Communication and public engagement 

The results of this project show that both the interested public and experts recognise the 

importance of the drug development process and are open to improving communication 

about this area of research. The majority of public respondents were interested in learning 

more about the drug development process, particularly information that is personally 

relevant (potential side effects of medicines and testing/approval procedures).  
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Experts said that it was important to improve communication and suggested that 

providing factual information about the process (such as the financial and time constraints 

involved) might increase acceptance of the pricing of medicines. They indicated that 

increasing public knowledge might enable the public to critically evaluate news and other 

media stories based on their own knowledge, generating more realistic expectations of 

the development process and reducing the credence that is given to media hype. Experts 

also said that it would be important to make a clearer distinction between scientists and 

their motivations for research compared with the motivations of the pharmaceutical 

industry. Interestingly, the results of this project indicate that this difference in 

motivations was recognised by the public more widely than expert comments would 

suggest.  

Trust in the information source has a substantial impact on the effectiveness of public 

engagement activities. It is therefore an important consideration when developing or 

improving communication practices. The results of this project suggest that although the 

public perceived the pharmaceutical industry to have the greatest authority over what and 

how drug development occurs, scientists are the most trusted stakeholder associated with 

the drug development process. As a result, scientists are likely to be more trusted as 

communicators; making them fitting sources of information about drug development. In 

support of this, it is also encouraging that the public respondents reported a high 

preference for primary sources of information, such as scientists and research journals; 

however, this response is likely to be higher for respondents in this study than might 

otherwise be expected due to the interest and knowledge of the interested public that was 

sampled.  

Gamero and colleagues (2011) suggested that the 'institutional context' of science has an 

impact on public interest. The authors found that where products of a scientific industry 

are an accepted or necessary component of modern day life, the public tends to avoid 

asking for too much information on possible risks. The results of my research suggest 

that this type of attitude can be found in the context of drug development research. The 

importance and benefits of conventional medicines for health, which are aligned with the 

public interest, in combination with the industry’s assumed competence in the area has 

traditionally made it difficult to question the risks associated with medicine use. However, 

the increasing availability and ease of sharing information about medicines and the drug 

development process online (whether that information is based on scientific research or 
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anecdotal) has enabled the public to question the motives of the pharmaceutical industry 

more closely. 

Interestingly, expert interviewees in this project did not appear to regard communication 

or public engagement activities as their own personal responsibility. Rather, they 

suggested that existing communication methods, such as education and the media, which 

are secondary sources of information, could be improved. This result is somewhat 

surprising given that Australian scientists have been reported to see communication about 

their research to be their own responsibility (Searle, 2011), even if they do not necessarily 

have the opportunity or workplace support to do so. However, scientists interviewed in 

another investigation suggested that although the communication of research findings is 

important, the current academic structure does not rewarded this activity in a traditional 

sense (Jasudasen, 2013). It is therefore important to find ways to encourage scientists 

working in areas related to drug development, in both industry and academic positions, 

to communicate more often and to provide scientists with the support that is required to 

do so.  

People are more likely to contribute or participate in social practices if they think they 

can make a difference (Delli Carpini, Cook & Jacobs, 2004; Poliakoff & Webb, 2007). If 

scientists and other stakeholders are to participate in science engagement activities, they 

must first see the value in that activity and the wider social benefits that might arise. If 

expert scientists recognise that the public holds a positive view of scientists (as being 

intrinsically and pro-socially motivated, compared with the pharmaceutical industry’s 

self-interest) and that the public is interested and likely to respond positively to science 

communication and engagement activities, these experts may be more willing to 

undertake the task of communicating research. Similarly, if the public recognise that 

experts value and appreciate the public’s contribution to science, they may be more likely 

to actively engage and participate in discussion about the drug development process.  

Amongst many scientists and science communicators, there is concern that the inherent 

levels of uncertainty involved in all scientific research, if communicated openly to the 

general public, will have a negative impact on public attitudes toward science and will 

increase the perception of potential risks associated with that science. However, the 

results from this investigation suggest that the public thinks differently, at least in some 

contexts; the public respondents in this study accept the use and importance of medicines, 

and many individuals would like to know more about the scientific process of drug 

development. For these members of the public, their concerns about the motivations that 
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drive the direction of the pharmaceutical industry have a greater influence on distrust in 

the scientific institutions than uncertainty associated with the drug development process 

itself. 

Indeed, Rabinovich, Morton and Birney (2012) have shown that "uncertainty can enhance 

message effects when it fits the audience’s understanding of what science is." Information 

about the drug development process should therefore not be withheld due to the risk of 

promoting negative attitudes, but instead consider that public expectations about the 

purpose of science communication can affect trust in scientists and willingness to engage 

with the information provided. If trust in the information and information source is 

aligned with public beliefs, communication can in fact be more effective. 

If public trust in pharmaceutical medicines and science more generally is to be enhanced, 

it is essential that effective ways to communicate with the public about processes 

involved in drug development are developed. Communication strategies and public 

engagement activities will benefit from detailed consideration of trusted sources of 

information that are specific to the scientific context; in this context, trusted sources are 

individual scientists, irrespective of employer, rather than the pharmaceutical industry as 

a whole. 
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11.1 Appendix A  

Ethical considerations 

The research presented in this thesis was approved by the Human Research Ethics 

Committee at the University of Western Australia. (UWA HREC RA/4/1/4786). 

 Surveys 1 and 2 

Respondents' consent to participate and agreement with the terms of each survey was 

required for participation in the two online surveys (see survey details in Appendix B). 

The requisite acceptance of terms by marking a checkbox, and their completion of the 

survey, are presumed consent (Whitehead, 2007); however not all respondents chose to 

view the terms of survey before continuing to the question pages. The survey terms 

informed respondents that all data collected would be kept confidential, would not be 

used for marketing purposes. Respondents were free to withdraw from the survey at any 

time by closing the browser window; incomplete cases were excluded from analysis.  

 Interviews 

When first contacted, potential interview participants were provided with information 

about the nature and scope of the research project (see Appendix D). This information 

specified that interviews would be audio recorded with permission, all audio files and 

transcriptions would be kept confidential, and anonymity in this thesis and any 

publications would be ensured. At the time of interviews, the conditions of anonymity 

and freedom to withdraw from the study were repeated to interviewees, and all 

interviewees confirmed their consent to participate while recorded (see Appendix D).  
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11.2 Appendix B  

Survey questions 

 Survey 1 (public survey): Public attitudes toward the research and 

development of pharmaceutical medicines  
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 Survey 2 (expert survey): Medicinal chemistry and drug 

development 
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11.3  Appendix C 

Distribution of requests for survey participation 

 Survey 1 distribution list 

As discussed in Section 4.3, the public survey was distributed to various groups identified 

through internet searches. A list of the groups approached with a request to share the 

survey is provided below.  

Destination 
 

A Pinch of Health forum Fairfield Champion NSW local paper 
ACT Women - mailing list Fremantle Cockburn Gazette 

Advocate Friends of Kings Park 

Austprem Global Learning 

Australasian Association of Professional Organisers 
Inc. 

go see australia.com.au forum 

Australian Association for Byzantine Studies Guardian Express 

Australian Association for Engineering Education Gumtree 

Australian Association for Environmental Education Have a Go News Seniors magazine 

Australian Association for Infant Mental Health Health Consumers Alliance SA 

Australian Association for Professional and Applied 
Ethics 

Health Issues Centre 

Australian Association for the Study of Peak Oil and 
Gas 

healthau.net forum 

Australian Association for the Study of Religions HealthInsite 

Australian Association of Agricultural Consultants WA 
Inc. 

Hills/Avon Valley Gazette 

Australian Association of Angel Investors Inner-West Courier local paper 

Australian Association of Bush Regenerators Joondalup/Wanneroo Tiems 

Australian Association of Constitutional Law justcommodores.com.au forum 

Australian Association of Convenience Stores Katherine Times NT local paper 

Australian Association of Genealogists and Record 
Agents Inc. 

Kiama Independent/Lake Times 

Australian Association of Gerontology Mandurah Coastal Times 

Australian Association of Live Steamers Manly Daily 

Australian Association of Massage Therapists Melissa Sweet (Croaky moderator) 

Australian Association of Mathematics Teachers Inc. Melville Times 

Australian Association of National Advertisers Midland Kalamunda reporter 

Australian Association of Philosophy Modern Languages Teachers Assoc of QLD 

Australian Association of Practise Managers myDR from MIMS 

Australian Association of Social Workers Netrider forum 

Australian Association of Stud Merino Breeders North Coast Times 

Australian Computer Society Northern Territory News 

Australian Council for Health, Phys Ed and Recreation NW Birds Club of Tasmania 

Australian Counselling Association Occupational Therapy Australia 

Australian Hotels Association  Optometrists Association of Australia 

Australian Hypnotherapists Association Owens + Murray Water Polo Club 
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Australian Physiotherapy Association Parramatta Advertiser  

Australian Psychological Society Perl Training 

Australian Society of Anaesthetists Quokka 

Australian Society of Authors Reach Out 

Australian Society of Music Education Scienceforums.net 

Australian Society of Orthodontists Seabreeze.com.au forum 

Bankstown Canterbury Torch Seniors Helping Seniors forum 

Bega District News NSW local paper SP Health Co 

Blacktown Advocate NSW local paper tacklebox.com.au fishing forum 

Blayney Chronicle NSW local paper The Armidale Express NSW local paper 

Bowel Cancer Australia The Australian Senior 

Campbelltown-Macarthur Advertiser NSW local paper The Border Mail NSW local paper 

Canberra Aeroclub The Condobolin Argus NSW local paper 
Canberra Weekly Magazine The Post local newspaper 

Canning Times The Word ACT local paper 

Career Development Association of Australia Thoroughbred Village forum 

CHOICE Australia Type 1 Diabetes Network, Reality Check forum 

Chronic disease self management special interest 
group - mailing list 

UWA all-staff list 

City News Magazine UWA trading list 

Comment News Weekend Kwinana Courier 

Community newspaper group West Australian 'Can you help?' column 

Consumers Health Forum Western Australian Rogaining Association 

Dive-Oz.com.au forum Western Suburbs weekly 

Eastern Reporter 
 

Exercise and Sports Science Australia 
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 Survey 1 (public survey): Distributed email request for survey 

participation  

 

 

To the mailing list manager, 
 
I am a PhD student at The University of Western Australia and as part 
of my research I am conducting a short (10 minute) online survey to 
investigate attitudes held by the general public towards the 
development of new pharmaceutical medicines.  

 
I understand that this research is not closely related to XXX, and I 
apologise for the unsolicited contact, but I am hoping that you might be 
so generous as to publicise this survey amongst the members of your 
club by posting the information below to your mailing list in order to help 
me recruit more participants. The greater the number and diversity of 
respondents who take part in this survey, the better will be our 
understanding of public attitudes about the development of new 
medicines. 
 

I realise that this is probably not the type of thing that you usually 
promote, but I'd be very appreciative of your help and support in any 
way that you think is appropriate. 
 
I've included the link to my survey and the publicising information below 
for your consideration. 
 

Kind regards and thank you very much for your time, 
Evenda Dench 

 

 

_____________________________________________________________ ____ 

 

 

Researchers at the University of Western Australia are investigating 
public attitudes about how and why new medicines are developed, and 
about the motivations that scientists have for this type of research. 

The public acceptance of scientific results and products depends on 
effective communication between scientists themselves and the general 
public, who benefit from this work. This is the case especially for 
medical research, which provides treatments that are used by all of us 
or our friends and family at some point. To improve communication, we 
first need to identify existing perceptions of this type of research. 

As a third year PhD student at UWA, Evenda Dench is investigating 

public attitudes towards the development of medicines by conducting a 
short online survey. The survey asks for opinions about who and what 
influences the development of new medicines, why new medicines are 
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 Survey 2 (expert survey): Distributed email request for survey 

participation 

  

developed, and the type of information you’d be most interested to 
receive about new medicines. 

You can help by completing the 10 minute survey which is found at the 
research group’s homepage, www.communicatingscience.org, or by 
following the link to http://edu.surveygizmo.com/s3/672676/medicines. 

The survey is aimed at the general public, which includes you and 

everybody you know, there are no limitations on who can participate. 
The researchers are hoping to collect responses from as many 
participants from as many different demographic groups as possible, so 
passing this survey on to your friends and family and asking them to 
complete it by the end of March 2012 will help to increase our response 
rate. 
  

For more information about this survey or the research project, please 
contact Evenda Dench at evenda.dench@uwa.edu.au 

 

Work related to drug discovery, medicinal chemistry or pharmaceutical development 

 
 

 

Dear RACI members, 

 
Is your work or research related in some way to medicinal chemistry and/or the development of 

potential new drugs?  

 
If so, I would greatly appreciate 5-10 minutes of your time to complete an online questionnaire about 

your interest in and motivations for working in this area, and your views about public opinion of this 

research.  
 

The questionnaire can be accessed here:  

 

http://edu.surveygizmo.com/s3/1334290/med-development 
 

 

I am a final year PhD student in chemistry and science communication at UWA investigating the 
motivations behind research related to the pharmaceutical development process. I have previously 

explored the general public view of the development of new drugs, and I now want to find out what 

scientists in the area have to say.  
 

All responses are anonymous and any individual information collected will remain confidential.  

 

If you would like any more information about this survey or the research project, please contact me 
at evenda.dench@uwa.edu.au, or A/Prof Nancy Longnecker at nancy.longnecker@uwa.edu.au.  

 

Thank you very much for your help, 
 

Evenda Dench 

 
PhD Candidate (Chemistry, Science Communication) 
School of Chemistry and Biochemistry 

University of Western Australia 

 

 
Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics 
review and approval procedures (RA/4/1/4786). This research will not be used for marketing purposes in any way. 
Following statistical analysis, the results of this survey will be published and made available in 2014. 

 

 



 

 335 

11.4 Appendix D 

 Interview participation request email  

 

Email	subject:	What	made	you	choose	medicinal	chemistry?	
	
Dear	xxxx,	
	
I	hope	you	might	consider	participating	in	a	20	-	30	minute	interview	about	why	you	
have	chosen	to	work	in	the	area	of	medicinal	chemistry.	
	
I	am	a	PhD	student	in	Chemistry	and	Science	Communication	at	The	University	of	
Western	Australia	and	as	part	of	my	research	I	am	investigating	scientists'	motivations	
for	carrying	out	research	into	the	development	of	potential	new	medicines.	I	am	also	
interested	in	scientists'	opinions	about	public	understanding	about	the	development	of	
medicines.		
	
As	a	medicinal	chemist	working	in	this	field,	your	views	would	add	great	value	to	my	
research.	
	
I	am	hoping	to	conduct	interviews	in	January	-	March	2012.	If	you	are	willing	and	
available	to	participate	in	an	interview	(either	in	person	or	via	Skype	or	telephone)	I	
would	be	sincerely	grateful	and	will	be	happy	to	schedule	a	time	to	speak	at	your	
convenience.	
	
All	responses	and	information	provided	will	be	kept	strictly	confidential,	and	no	
identifying	information	will	be	used	in	publications	arising	from	this	research.	Ethics	
approval	has	been	gained	from	the	UWA	Human	Ethics	Committee	(RA/4/1/4786).	
	
I	have	attached	a	more	detailed	information	sheet	to	this	email,	and	look	forward	to	
hearing	from	you	soon	in	regards	to	this	request.	
	
Kind	regards,	
Evenda	Dench	
	
	
--		
Evenda Dench	
PhD Candidate (Chemistry, Science Communication) 
 
School of Biomedical, Biomolecular and Chemical Sciences 
The University of Western Australia 

35 Stirling Highway 
Crawley WA 6009 
AUSTRALIA 
Email:	evenda.dench@uwa.edu.au 

	
http://www.communicatingscience.org/	
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 Interviewee information sheet and consent form 

 

!
!

!

!
!

!
!
!
Research!title:!Public'and'scientist'attitudes'towards'the'development'of'pharmaceutical'medicines.'
!

!
Thank!you!for!your!interest!and!your!willingness!to!participate!in!this!research!project.!!
!
The!study!will!involve!a!semi<structured!interview!of!about!20<30!minutes,!conducted!at!a!time!and!in!a!way!
that!is!most!convenient!for!you.!The!interview!will!be!conducted!by!Evenda!Dench,!as!this!research!forms!

part!of!her!PhD!candidature!within!the!School!of!Biomedical,!Biomolecular!and!Chemical!Sciences!at!The!
University!of!Western!Australia.!!
!
During!the!interview,!you!will!be!asked!about!the!reasons!and!motivations!behind!your!chosen!research!
area,!as!well!as!your!opinions!about!public!understanding!of!that!area.!Your!responses!will!contribute!to!the!

investigation!of!alignment!between!scientists’!motivations!for!research!and!public!perceptions!of!the!drug!
development!process!which!will!be!discussed!in!this!thesis.!
!
The!interviews!will!be!audio!recorded!with!your!permission,!and!any!audio!recordings!and!transcripts!will!be!
kept!in!a!secure!place.!All!information!you!provide!is!strictly!confidential!and!no!names!or!other!identifying!
information! will! be! used! in! publications! arising! from! the! research.! There! are! no! risks! or! discomforts!

anticipated!for!participants,!and!you!are!free!at!any!time!to!withdraw!your!consent!to!further!participation!
without!prejudice!in!any!way.!
!
!If!you!are!willing!to!participate!in!this!study,!please!complete!the!attached!Consent!Form.!Your!participation!
in!this!study!does!not!prejudice!any!right!to!compensation!which!you!might!have!under!statute!or!common!

law.!
!
If!you!have!any!queries!regarding!this!study,!please!contact!Evenda!Dench!at!evenda.dench@uwa.edu.au!or!
call! (08)!6488!4559.!You!may!also!contact!the!chief! investigator!and!supervisor!of!this!study,!Associate!
Professor!Nancy!Longnecker,!at!nancy.longnecker@uwa.edu.au!or!on!

!
Sincerely,!
!
!
!

Associate!Professor!Nancy!Longnecker!
!

Science'Communication''

The!University!of!Western!Australia!

35!Stirling!Highway!
Crawley!WA!6009!
Australia!
T!!+!61!8!6488!4559!
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!

Opinion'

10. In!your!opinion,!why! is! it! important! that! this!kind!of! research!occurs!and!that!new!medicines!are!

developed?!

11. Do!you!think!that!the!general!public’s!opinion!about!the!development!of!new!medicines!is!similar!to!

yours?!

a. If!not,!why!not?!Can!you!expand!on!that?!!

12. How!much!and!what!do!you!think!the!public!knows/understands!about!the!development!of!medicines?!!

a. Eg!why!is!it!important,!what!it!involves,!who!does!the!research!!

13. What!do!you!think!the!general!public!should!know!about!this!process?!

a. Why/why!not?!

14. How!do!you!think!the!public!could!be!made!more!aware!of!it?!

!

Thanks'very'much'for'answering'these'questions'for'me,' I'have'a'few'last'demographic'questions' to'ask'you' if'

that’s'ok,'but'do'you'have'any'additional'questions'or' comments'you’d' like' to'make'about'what'we’ve' talked'

about'today?'

!

!

!!!!!!!!Demographics''

15. What!is!your!position!as!a!researcher?!/!At!what!stage!of!your!career!are!you?!

16. In!what! country! did! you! do! your! research! training! (ie! PhD/other! qual).! (In!what! country! are! you!

currently!working?)!

17. What! type! of! institution! do! you! work! at?! (ie! university,! govt! research! facility,! private! industry,!

hospital/health,!etc?)!

18. What!is!your!year!of!birth?!

19. If!I!have!any!followJup!questions!would!you!be!happy!for!me!to!contact!you?!

20. Do!you!have!any!colleagues!who!you!htink!might!be!interested!or!willing!to!speak!to!me!about!this!

topic?!

!

!

Thanks'very'much'for'your'time'Prof'X,'I'appreciate'you'taking'the'time'to'help'me'with'my'research.''




