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Abstract 

Current lamb mortality rates on Australian farms range between 15 and 35 percent, and 

pose financial risks for individual farmers and for the industry. Research institutions and 

industry research and development corporations have prioritised lamb survival and, as 

such, have invested heavily in research to improve lamb survival rates. The resulting 

management strategies, including pregnancy scanning, the provision of shelter and 

focussed-feeding, have been shown to reduce lamb mortality by up to 50 percent. 

However, the adoption of these strategies by farmers has been low, with no appreciable 

increase in lamb survival rates over the last century. This thesis investigates the factors 

influencing farmers’ adoption of strategies to improve lamb survival, with the aim of 

increasing lamb survival rates. 

 

A mixed-method study was undertaken, incorporating both qualitative and quantitative 

research methods in order to strengthen the foundations of the research. The first, 

qualitative, phase of the study involved a series of focus groups designed to elicit sheep 

producers' beliefs about lamb mortality and strategies to improve lamb survival rates. 

The findings from this phase of the research were used to develop a quantitative survey, 

used in the second phase of the research. Behavioural models from the marketing and 

social psychology disciplines, such as the Theory of Planned Behaviour and the Model 

of Goal-directed Behaviour, were used as the basis of the survey and examined for their 

applicability to the adoption of lamb survival strategies, in particular the use of 

pregnancy scanning. Structural equation modelling was used in the data analysis to 

quantify the ability of the behavioural models to explain variation in farmers' intentions 

to adopt lamb survival strategies, and latent class regression was used to identify 

sources of variation between farmers.  
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Arguably the most important contribution of this research is the identification of two 

groups of farmers, based on their decision-making. Attitudes-driven farmers (48 percent 

of the sample) were primarily influenced by their attitudes and self-efficacy, while 

emotions-driven farmers (52 percent) were influenced by both positive and negative 

anticipated emotions, and self-efficacy. The attitudes-driven farmers were more likely to 

have adopted pregnancy scanning than the emotions-driven farmers. This suggests that 

current extension strategies are effective at changing the behaviour of attitudes-driven 

farmers, but do not effectively target emotions-driven farmers.  

 

The Model of Goal-directed Behaviour was found to explain 77 percent of the variation 

in farmers' intentions to adopt pregnancy scanning. The frequency of past behaviour and 

anticipated emotions were shown to exert the greatest influence on intentions. The 

influence of frequency of past behaviour is of little practical use to extension 

practitioners as it cannot be manipulated. However, the significant role of anticipated 

emotions strengthens the argument for the need to address anticipated emotions when 

designing and delivering extension programs.  

 

Little research has been done into the role of emotions in farmers’ decision-making and, 

as such, further research is required to investigate how anticipated emotions can be 

incorporated into extension programs to effectively engage, and facilitate behaviour 

change in, emotions-driven farmers. It seems likely, however, that the importance of 

emotions in decision-making demonstrated in the present study is related to the animal 

welfare aspects of the lamb survival problem. Consequently, it is argued that 

incorporating anticipated emotions into extension programs could prove beneficial not 

only for improving lamb survival, but also for improving the adoption of welfare-

friendly practices on a wider scale.  
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Chapter 1 – Introduction 

 

1.0 Introduction 

The Australian sheep industry is facing a significant threat from high lamb mortality 

rates. It is estimated that between 4.9 and 11.5 million lambs die each year within the 

first seven days after birth (estimated from Mellor and Stafford 2004),1 which is 

estimated to be between 15 and 35 per cent of lambs born. Young (2005) estimated that 

producers could make between $12 and $49 profit per lamb, depending on the 

enterprise. Based on these estimates, lamb losses represented industry profit losses of 

between AU$59 million and AU$562.5 million each year. As lamb prices have doubled 

since these estimates were made in 2005 (502 c/kg, compared to 250 c/kg as used by 

Young; MLA 2011), estimated financial losses are higher than previously thought. 

Given that farmers are already under financial pressure due to steadily declining terms 

of trade and a perceived need to increase the sustainability of farming systems 

(Productivity Commission 2005; ABARE 2009), losses of this magnitude cannot be 

ignored.  

 

There is also the potential for further market losses to the Australian sheep industry, due 

to animal welfare concerns. The major causes of lamb mortality (i.e., hypothermia, 

starvation and mismothering) all involve various degrees of suffering in the lead-up to 

death (Mellor and Stafford 2004; Dwyer 2008b). Thus, lamb mortality has been 

identified as an animal welfare issue (Mellor and Stafford 2004). Consumers are 

becoming more aware of animal welfare issues and, due to the relative wealth of our 

trading partners (e.g., the United States, the European Union and Asia), are in a position 

                                                 
1 These figures were calculated based on a national flock size of 41 million breeding ewes with a 

reproduction rate of 80 percent. 
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to exercise discretion in their purchase decisions (Cowe and Williams 2000; Hilton 

2003). For instance, 20 percent of consumers in the UK were willing to actively boycott 

products if the producer was perceived to engage in unethical or cruel production 

practices, and five per cent of consumers actively sought out information on production 

practices, such as the use of battery cages, on which to base their purchase decisions 

(Cowe and Williams 2000). Such consumer behaviour led to a recent ban on the use of 

battery hen cages in the EU and UK (Compassion in World Farming 2012).  

 

Societal concerns about farm animal welfare and the discretionary power held by 

consumers is further evidenced by the anti-mulesing debate. Australian sheep farmers 

are likely to face increased costs of between $1.50 and $2.50 per sheep if mulesing is 

discontinued (Bell and Sackett 2005). However, if mulesing is not phased out, 

producers may face boycotts by major retailers worldwide (Sneddon and Rollin 2010). 

Given that 95% of Australia’s wool clip is exported, contributing $1.9 billion to the 

economy in 2003-04 (Productivity Commission 2005), a boycott would have serious 

consequences for both the Australian sheep industry and individual producers. Given 

the outcomes of activism regarding mulesing and other farm animal welfare issues, it is 

likely that if consumers’ attention was focussed on lamb mortality and the 

accompanying welfare issues, the industry could face further problems. 

 

Australian sheep industry research and development (R&D) corporations, such as Meat 

and Livestock Australia (MLA) and Australian Wool Innovation Ltd. (AWI), have 

become increasingly aware of the threat posed by current lamb mortality rates. In their 

Strategic Plan 2010-2013, AWI identified improving lamb survival rates as an 

“important welfare imperative” (Australian Wool Innovation 2010, pg. 41). Similarly, 

MLA highlighted decreasing lamb mortality as a key priority for improving productivity 
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and efficiency (MLA 2008). In addition, the Cooperative Research Centre for Sheep 

Industry Innovation (Sheep CRC)2 lists improving reproductive efficiency, including 

lamb survival, as a key research focus (Sheep CRC 2011). Consequently, such industry 

organisations have developed extension programs, including Lifetime Ewe 

Management3 and BESTWOOL/BESTLAMB,4 which aim to improve the adoption of 

lamb survival strategies on-farm. The inclusion of lamb survival in the strategic plans 

and objectives of industry and research bodies demonstrates the heightened level of 

concern about lamb mortality in the Australian sheep industry. 

 

Research funded through industry investment since the 1970s has identified the major 

causes of lamb mortality and how to improve survival rates. For example, the provision 

of shelter, selection of ewes based on temperament and optimal nutrition have each been 

found to reduce lamb mortality by up to 50 percent (Egan et al. 1972; Alexander and 

Lynch 1976; Alexander et al. 1980; Lynch et al. 1980; Murphy et al. 1998; Nottle et al. 

1998; Nowak and Poindron 2006; Bickell et al. 2010a). However, despite this, adoption 

of new lamb survival strategies on-farm has been low. While it is difficult to quantify 

the adoption of lamb survival strategies, as they are often delivered within a package of 

strategies aimed at improving reproductive efficiency, it is estimated that the Lifetime 

Ewe Management (LTEM) program (discussed in greater detail in Chapter 2) achieved 

12 percent adoption of reproductive efficiency strategies within three years (Jones et al. 

                                                 
2 The Sheep CRC is a government- and industry-funded partnership of sheep industry organisations, 

including MLA, AWI, CSIRO, state departments of agriculture and universities. 

http://www.sheepcrc.org.au/ 
3 Lifetime Ewe Management (LTEM) is an accredited training course run by Rural Industries Skill 

Training (RIST), in conjunction with the Sheep CRC. LTEM is discussed in more detail in Section 2.3.2 

of this review. http://www.rist.com.au/lifetime_ewe_management 
4 BESTWOOL/BESTLAMB is a program run by the Department of Primary Industries Victoria. Like 

LTEM, it involves the formation of producer networks to facilitate knowledge sharing and transfer. 

http://new.dpi.vic.gov.au/agriculture/beef-and-sheep/sheep/bestwoolbestlamb 
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2011a). However, even this level of success appears not to have been matched by other 

programs, which routinely achieve adoption rates of less than 2 percent (Barnett and 

Sneddon 2006). Consequently, there has been no noticeable improvement in lamb 

survival rates since the 1990s (Barnett and Sneddon 2006).  

 

The lack of improvement in lamb survival rates in Australia suggests that there may be 

barriers to the adoption of these strategies, which requires further investigation. As 

such, the current research project was designed to investigate the factors that influence 

farmers’ decisions on whether or not to adopt strategies to improve lamb survival rates. 

More specifically, the present study aimed to answer the following questions: 

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

 

1.1 The adoption of innovations in agriculture 

Agricultural research, development and extension have traditionally followed a ‘transfer 

of technology’ approach (Guerin and Guerin 1994; Vanclay and Lawrence 1994; Ruttan 

1996). Under this approach, scientists carry out research in an area they perceive to be a 

problem, and the resulting innovations and technologies are passed on to extension 

agents and communicated to those farmers viewed most likely to adopt them (e.g., 

progressive, or innovative, farmers; Vanclay and Lawrence 1994). It is assumed that 

other farmers will learn about the innovation through observation, and that this will lead 

to the diffusion of the innovation throughout the population (Rogers 2003). However, 

this approach has been criticised for its pro-innovation bias and the assumption that an 

innovation will be appropriate for all farmers (e.g., Röling 1988; Ruttan 1996). It has 

also been shown to be inappropriate for promoting complex innovations which require 
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changes to the farming system (Mullen et al. 2000), such as some lamb survival 

strategies.  

 

As such, there have been moves away from this approach in recent years, towards one 

of encouraging farmer participation in the R&D process (Marsh and Pannell 2000; Hunt 

and Coutts 2009). Adult learning principles have been embedded in extension programs, 

to maximise adoption by supporting farmers through the learning process (e.g., Trompf 

and Sale 2001a). These programs, such as Lifetime Ewe Management (LTEM) and 

BESTWOOL/BESTLAMB, appear to have been successful at changing participating 

farmers’ behaviour. For example, 90 percent of participating farmers adopted LTEM 

practices after participation in the program (Trompf et al. 2011). However, it was 

reported that only a small proportion of farmers actually participated in such programs 

(Donnelly et al. 2002; Logan 2005).  

 

Based on the above information, it seems necessary to gain a better understanding of the 

factors influencing farmers’ adoption of new strategies to improve lamb survival in 

order to improve adoption rates and reduce levels of lamb mortality. This thesis 

proposes that research from marketing and social psychology may provide further 

insight, based on previous research demonstrating the importance of attitudes and 

perceptions in decision-making (e.g., Carr and Tait 1990; Cary and Wilkinson 1997; 

Willock et al. 1999; Kingwell and Cook 2007). Specifically, behavioural models which 

go beyond attitudes, to include social pressures and perceptions of control, such as the 

Theory of Planned Behaviour (TPB; Ajzen 1991) and the Model of Goal-directed 

Behaviour (MGB; Perugini and Bagozzi 2001), are expected to improve understanding 

of farmer behaviour towards innovations such as lamb survival strategies. Whereas the 

TPB has previously been successfully used in an agricultural context (e.g., Beedell and 
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Rehman 2000; Bergevoet et al. 2004; Artikov et al. 2006; Gorton et al. 2008; Ellis-

Iverson et al. 2010), the applicability of the MGB in an agricultural setting is yet to be 

investigated.  

 

1.2 The aims of the research 

The current research project aimed to answer two general research questions:   

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

More specifically, the aims of the research were to: 

a) assess the current and future use of strategies designed to improve lamb 

survival rates; 

b) investigate whether the Theory of Planned Behaviour (TPB) and the Model 

of Goal-directed Behaviour (MGB) add significantly to our understanding of 

farmers’ intentions to adopt strategies to improve lamb survival over the 

more commonly used, parsimonious Theory of Reasoned Action (TRA) 

model; 

c) determine whether the farming population is homogenous in terms of the 

factors which influence decision-making, or whether different groups exist 

within the population; 

d) if different groups exist within the overall population, investigate methods of 

distinguishing between groups to aid with the development of specific 

extension strategies to target each group; 

e) investigate the importance of perceived external constraints, such as weather 

conditions and economic factors, in influencing farmers’ intentions to adopt 

strategies to improve lamb survival;  
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f) identify the belief structure behind each construct to identify which beliefs 

have the greatest influence on intentions; and 

g) develop a series of recommendations to guide future research and extension. 

 

1.3 Research design 

The data collection for the current study involved a two-phase process including an 

initial qualitative and subsequent quantitative phase. The qualitative phase used focus 

groups to collect preliminary data that was subsequently used in the formulation of the 

quantitative survey. The use of both qualitative and quantitative methodologies is 

advocated by many researchers in the social sciences (Jick 1979; Naslund 2002; 

Onwuegbuzie and Leech 2005). For instance, Onwuegbuzie and Leech (2005) argue 

that using both qualitative and quantitative methods enables researchers to better 

understand the factors underlying phenomena. Greene, Caracelli and Graham (1989) 

show five potential functions of combined quantitative and qualitative methods: 

triangulation, complementarity, development, initiation, and expansion. The most 

important of these functions in terms of this research project was development, as the 

data collected in the initial, qualitative stage was used to develop the survey used in the 

second, quantitative phase. 

 

Qualitative research tends to focus on finding and interpreting the meaning of social 

actions, focussing on the underlying processes (Gephart 2004). It is particularly useful 

for exploratory studies, where it is desirable for researchers to approach the research 

without preconceived ideas or theories (Sarantakos 1998). As such, a qualitative method 

was chosen for the first phase of the study and provided a basis for the subsequent 

survey. Specifically, a focus group methodology was chosen, as this approach uses the 

synergy between participants to enhance the data collection process (Hartman 2004). 
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However, qualitative research often involves small sample sizes, and as such, the 

findings may not be generalizable to a larger population. As such, the qualitative phase 

was followed by a quantitative survey, designed to build upon, confirm and quantify the 

initial, qualitative findings.  

 

1.4 The structure of the thesis 

Chapter 2 presents a review of the literature on lamb mortality and survival, beginning 

with a review of the literature relating to lamb mortality and strategies to improve lamb 

survival rates. Following this, current methods of extension of new technologies to 

sheep producers are discussed and critiqued. In Chapter 3, the literature on agricultural 

extension and adoption research, specifically the literature dating from 2000 onwards, is 

reviewed.  The year 2000 was designated as a cut-off point due to the large amount of 

literature in this area. As is highlighted in Chapter 3, research into agricultural extension 

and adoption has taken many forms, and numerous reviews of early research are 

available (e.g., Rogers 2003; Pannell et al. 2006). As such, it was deemed appropriate to 

focus on the most recent research for the present review. Then, research from marketing 

and social psychology is reviewed to explore potential insights that offer new directions 

in the study of the adoption of strategies to improve lamb survival. Finally, a new 

approach, incorporating these insights, is proposed to improve understanding of the 

factors influencing farmers’ adoption of strategies to improve lamb survival rates.  

 

In Chapter 4, the initial, qualitative phase of the current study is presented. This study 

explored farmers’ beliefs and attitudes towards lamb mortality and strategies to improve 

lamb survival, using the TPB as a theoretical framework. The findings of this study 

were used in the development of a quantitative survey to further investigate the factors 

influencing adoption. 
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Chapter 5 describes the research methodology undertaken for the quantitative survey 

and the techniques used to analyse the resulting data. Chapter 6 presents the results of 

the survey. Specifically, data on the use of strategies to improve lamb survival, the 

ability of the proposed models to explain farmers’ intentions to adopt strategies to 

improve lamb survival, and the classification of respondents based on response patterns, 

are presented.  

 

Chapter 7 presents the conclusions drawn from the two phases of the study. The 

implications of the results, both for researchers and for extension agents, are discussed. 

Finally, avenues for further research are suggested. 
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Chapter 2 – A review of the literature on lamb survival 

 

2.0 Introduction 

This review examines the previous research that led to the current study. The 

significance of the lamb survival problem in the Australian sheep industry is discussed 

further in section 2.1 and the major causes of lamb mortality are detailed in section 2.2. 

The strategies to improve lamb survival available to producers are then reviewed in 

section 2.3. Extension and adoption in agriculture, and specifically within the sheep 

industry, are discussed in section 2.4. 

 

2.1 Lamb mortality in Australia 

The Australian sheep industry has a significant problem with lamb mortality, with 

losses estimated to be between 15 and 35 percent of lambs born (Alexander 1984; 

Mellor and Stafford 2004). This may be due in part to the high percentage of Merinos in 

the national flock, in addition to the high levels of climatic uncertainty inherent in 

Australia (Simpson et al. 2001). Approximately 85 per cent of the national flock are 

Merinos, and a further 11 per cent are Merino first-crosses (Curtis 2009). Merinos have 

been bred primarily for wool production and as such have lower fertility levels and tend 

to be poorer mothers than meat breeds (Banks 2002). Until recently, this has not been 

overly problematic for sheep producers, particularly wool producers, as the main focus 

has been wool production, and improving both yield and quality. Most producers kept 

plenty of castrated males (wethers) in addition to their breeding ewes, allowing 

producers to maintain wool production levels despite having relatively low lamb 

survival rates (Curtis 2009). However, in recent years, the price of wool has dropped 

relative to the price of prime lambs, leading to more and more producers focusing on 
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producing large numbers of well-muscled, fast-growing lambs (e.g. Banks 2002; 

Shafron et al. 2002). Additionally, it is no longer economically viable to keep large 

numbers of wethers, and ewe lambs are needed to replenish sheep numbers (The 

Woolmark Company 2004). Thus, from an economic perspective, the current high lamb 

mortality rates can no longer be ignored.  

 

Despite the often-poor mothering performance of Merino ewes, it is unlikely that the 

proportion of Merinos in the national flock will decrease significantly. As previously 

mentioned, Australian farmers are subject to a high degree of climate variability and 

Merinos are well adapted to harsh climatic conditions (Simpson et al. 2001). Further, 

although Merinos have been traditionally bred for wool production, they are, by virtue 

of their predominance in the national flock, commonly used as dual-purpose animals. 

Approximately 59 percent of the genes of slaughter lambs are from Merinos, with many 

Merino ewes mated to specialist meat breed rams to produce lambs for slaughter (Banks 

2002). This strategy allows producers to breed lambs for slaughter, while continuing to 

produce wool to provide a degree of financial security if the price of lamb drops. The 

wool price is largely independent of meat prices, so continued wool production allows 

producers to manage their risk (Banks 2002). 

 

However, there is scope to improve the mothering performance of Merinos through 

appropriate management. Merinos are often provided with sub-optimal nutrition relative 

to requirements for good reproductive performance (Banks 2002). This may be a 

reflection of the fact that, for 60 percent of wool producers, sheep are only a small part 

of a larger enterprise (Deane and Malcolm 2006). Thus, the management of sheep is 

unlikely to be a high priority. However, managed properly, Merino flocks can produce 

in excess of 120 lambs per 100 ewes mated (i.e. a marking rate of 120 percent; Banks 
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2002).  As such, there is considerable scope to improve lamb survival rates on 

Australian farms if strategies to improve lamb survival are adopted.   

 

2.2 Causes of lamb mortality 

To understand how lamb survival can be improved, it is first necessary to understand 

the factors leading to lamb mortality. Lamb mortality can result from factors related to 

the climate, the availability of appropriate feed, and the behaviour of both the ewe and 

lamb (Alexander 1984; Nowak and Poindron 2006). However, before discussing these 

factors and their impacts upon lamb mortality, it is necessary to provide an overview of 

the needs of the lamb and the normal behaviour of the ewe and lamb around the time of 

birth (parturition).  

 

2.2.1 Parturition 

Sheep are typically social animals, becoming distressed when isolated from the rest of 

the flock, or when confronted by humans (Lindsay et al. 1990). However, just before 

parturition, a lambing ewe will separate herself from her flockmates and select an 

isolated site on which to give birth (Lindsay et al. 1990; Nowak et al. 2008). She may 

also seek shelter (Nowak et al. 2008). The ewe will remain at this site for several hours 

after giving birth and become attracted to newborn lambs (despite her normal 

indifference, or even aggression, towards newborn lambs), enabling the formation of the 

ewe-lamb bond (Arnold and Morgan 1975; Lindsay et al. 1990). This bond is vital for 

the survival of the lamb because, despite being relatively well-developed at birth, it is 

still highly dependent on its mother for nutrition, antibodies, and protection from the 

elements.  
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In most cases, labour lasts for no more than an hour (Nowak et al. 2008). Once the lamb 

is born, the ewe will lick it to remove the amniotic fluid. This grooming process serves 

to both dry the lamb and protect it from cold, and to create a bond with, and recognition 

of, the lamb (Nowak et al. 2008). The ewe will also make low-pitched bleats, which are 

thought to assist in the recognition of the ewe by the lamb (Nowak et al. 2008).   

 

Newborn lambs have limited energy reserves, and need to source energy quickly in 

order to prevent hypothermia. Colostrum, the first milk produced by the ewe, is very 

high in energy, thus providing a heat source for the lamb (Nowak and Poindron 2006). 

Additionally, it is the only source of antibodies within the first 24 hours of life (Nowak 

1996; Nowak and Poindron 2006). The act of sucking also contributes to the ewe-lamb 

bond. Thus, it is essential that the lamb stands, seeks the teat and successfully sucks 

from the ewe soon after birth (Nowak et al. 2008). This usually occurs within the first 

two hours (Nowak et al. 2008).  

 

The ewe learns to recognise her lamb, and differentiate it from others, within the first 

six hours, but the lamb can take up to 48 hours to recognise its mother, even at close 

range (Nowak et al. 2008). Thus it is important that the ewe remains with the lamb at 

the birthsite for at least six hours after birth (Lindsay et al. 1990). After this period, the 

ewe will usually have established a strong enough bond with the lamb that she will 

return to it after brief periods of separation.  

 

If the ewe’s maternal behaviour develops normally, and is matched by the appropriate 

responses from the lamb, it will last for several months (Nowak et al. 2008). During this 

time, the ewe will continue to provide protection and nutrition to the lamb. The 

dependence of the lamb on the ewe decreases over time, until the lamb is weaned 
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(Nowak et al. 2008). This reduced dependence is demonstrated by increased time spent 

apart, and decreased sucking bouts in favour of more time spent grazing (Nowak et al. 

2008).  

 

Factors which prevent or interrupt the formation of the ewe-lamb bond can cause the 

death of the lamb. These factors include the behaviour of the ewe, the behaviour of the 

lamb itself, climatic conditions, and the availability of feed. These factors are related to 

the more immediate causes of mortality – starvation, hypothermia, dystocia,5 and, to a 

lesser extent, predation and infection (Dennis and Nairn 1970; Alexander 1984) - and 

are discussed in greater detail in the following sections. The most frequently cited 

research papers on the causes of lamb mortality are listed in Table 2.1. 

 

2.2.2 Starvation 

Lambs are born with limited energy reserves and therefore it is essential that they access 

a food source soon after birth (Nowak and Poindron 2006). When lambs are unable to 

suck successfully at the teat, their teat-seeking behaviour declines, as do their chances 

of ever sucking successfully (Alexander and Williams 1966). As such, the behaviour of 

both the ewe and the lamb play an important role in the avoidance of starvation. 

‘Inappropriate behaviours,’ such as inadequate grooming, early departure from the birth 

site, or the interference of other ewes, around the time of parturition that interrupt or 

prevent the formation of the ewe lamb bond are cited as major contributors to lamb 

mortality, through their links to starvation (Alexander 1984). Haughey (1973) suggested 

that birth injury or trauma may result in lambs displaying abnormal behaviour, and 

Alexander (1984) pointed out that maternal behaviour can be affected by difficult births, 

indicating that birth weight and ewe pelvic size may be implicated in starvation deaths. 

                                                 
5 Dystocia occurs when a ewe has a difficult or prolonged labour due to a large or mal-presented lamb.  
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Low birth weight can also contribute to starvation by way of the reduced vigour, lower 

energy reserves and increased time to stand and to suck displayed by small lambs, 

relative to their larger counterparts (Nowak and Poindron 2006).  

 

Table 2.1. The major causes of lamb mortality in Australian flocks and the 

supporting research 

Cause of death Percentage of 
deaths 

Most often cited papers 

Starvation 47 - 70 Alexander 1984; Alexander et al. 1969, Dennis 
1969; Dennis 1974a; Dennis and Nairn 1970; 
Hewitt 2009b; McNeill, Murphy and Purvis 
1988 

Hypothermia 2* Alexander 1984; Dennis 1974a; Lynch et al. 
1980; Obst and Day 1968; Watson and Elder 
1961 

Dystocia 10 - 18 Alexander 1984; Haughey 1973 

Mismothering ** Alexander 1984; Alexander et al. 1983; 
Alexander and Williams 1966; Binns et al. 
2002; Curtis 2004; Haughey 1973; Murphy 
1999; O’Connor et al. 1985 

Infection 3 - 14 Dennis 1974b; Dennis and Nairn 1970; Hughes 
et al. 1971 

Predation 3 Alexander 1984; Alexander et al. 1967; Dennis 
1969; Dennis 1974a; Dennis and Nairn 1970 

* Difficult to diagnose due to lack of indicators 

** Not quantified due to complication by other factors 

 

Between 64 and 70 percent of lamb deaths have been attributed to starvation (Dennis 

and Nairn 1970; Dennis 1974a). Of these deaths, 73 percent were classified as being due 

to uncomplicated starvation, with the remainder being due to starvation complicated by 

other factors, such as mismothering, infection and hypothermia (Dennis and Nairn 

1970).  These complications are also, at least in part, attributable to inappropriate 
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behaviours by the ewe and/or lamb, with a lack of sufficient colostrum also playing a 

major role.  

 

2.2.3 Hypothermia 

The magnitude of the impact of hypothermia on lamb mortality rates is a controversial 

issue. Hypothermia is generally recognised as a major cause of lamb mortality, due to 

the large numbers of lambs which die during, or soon after, periods of ‘bad’ weather 

(e.g., low temperatures, accompanied by wind and rain; Watson and Elder 1961; Obst 

and Day 1968; Lynch et al. 1980; Alexander 1984). For example, the mortality of 

Merino lambs increased from 15 percent in mild weather (e.g., no rain, low – no wind) 

to 29 percent in very windy but dry weather, and 91 percent in very windy, very wet 

weather (Obst and Day 1968). However, Alexander (1984) argued that it can be difficult 

to definitively quantify the proportion of deaths attributable to hypothermia due to the 

lack of physical, pathological and neurological markers. Perhaps for this reason, it has 

been estimated that, on its own, hypothermia was responsible for only two percent of 

lamb deaths (Dennis 1974a).  

 

Several factors have been identified as contributing to deaths from hypothermia. First, 

birth weight has been identified as a major factor, as smaller animals have a higher 

surface area to volume ratio, leading to faster heat loss than in larger animals (Moyes 

and Schulte 2008). The mortality rate of lambs weighing less than three kilograms at 

birth was found to be 14 percent higher than lambs weighing between 3 and 5 kilograms 

(Alexander 1984), and multiple-born lambs that died were found to be significantly 

lighter than those that survived (Watson and Elder 1961). Smaller lambs may also 

display less vigour and take longer to stand and to suck, which is likely to affect both 

the formation of the ewe-lamb bond and the lambs’ ability to obtain sufficient energy 
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and nutrients (Nowak and Poindron 2006). Thus, relative to larger lambs, small lambs 

have fewer energy reserves which are quickly exhausted due to their increased 

thermoregulatory costs (Nowak and Poindron 2006). 

 

Second, the failure to establish or maintain the ewe-lamb bond has been linked to deaths 

from exposure. For example, grooming of the lamb after birth dries the lamb, making it 

less susceptible to hypothermia, and also contributes to the formation of the ewe-lamb 

bond (Nowak and Poindron 2006). If grooming does not occur, or is prematurely 

interrupted, lambs are left more susceptible to hypothermia through both increased heat 

loss and the increased risk of abandonment.  

 

Third, hypothermia can occur if the lamb does not obtain sufficient colostrum soon after 

birth. As a cause of mortality, obtaining insufficient colostrum is second only to 

possessing insufficient body reserves (Nowak and Poindron 2006). In addition to the 

high energy content of colostrum, the act of feeding also contributes to the 

establishment and maintenance of the ewe-lamb bond (Nowak and Poindron 2006). 

Under-feeding of the mother can result in insufficient or late colostrum production 

(Alexander and Davies 1959; Nowak and Poindron 2006). This problem is particularly 

common in twin-bearing ewes, and it has been estimated that up to 30 percent of twin-

bearing ewes did not produce sufficient colostrum for both lambs (McNeill et al. 1988). 

 

Finally, hypothermia can occur if unfavourable weather conditions occur soon after 

birth, as illustrated by Watson and Elder (1961). Heat loss is greater at low temperatures 

and is exacerbated by rain and strong winds (Nowak and Poindron 2006). Again, 

smaller lambs, twins and abandoned lambs are more susceptible to adverse weather 
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conditions, due to their lower energy reserves, reduced access to colostrum and lack of 

physical shelter (Alexander 1984). 

 

2.2.4 Mismothering 

Mismothering is a major cause of lamb mortality through its contribution to deaths from 

starvation and hypothermia. Mismothering occurs when the formation of the ewe-lamb 

bond is interrupted, leading the ewe to abandon or reject her lamb. It is exacerbated with 

multiple births, particularly with Merino ewes, which often seem satisfied with one 

lamb (Alexander et al. 1983b; Binns et al. 2002). Indeed, 56 percent of ewes that gave 

birth to twins became permanently separated from one or both of the lambs, and 88 

percent of those lambs died as a result (Stevens et al. 1982).  

 

The prevalence of mismothering is affected by sheep breed or strain.6 The Merino, for 

example, tends to display poor mothering behaviour. The marking rate of Merino lambs 

(80 percent) was found to be significantly lower than that of meat breed lambs (105 

percent)  (105 percent; Curtis 2007). Marking rates tended to increase in Merino first- 

and second cross lambs (86 per cent and 83 per cent respectively), compared to pure 

Merinos. The strain of animal may also play a role, for example, fine-wool Merinos 

tend to display poorer mothering behaviour than broader-woolled Merinos and lamb 

mortality is higher in superfine Merinos than in medium-wool-producing Merinos 

(Kuchel and Lindsay 1999; Nowak and Poindron 2006). Additionally, primiparous ewes 

generally make poorer mothers than older, more experienced ewes (Nowak and 

Poindron 2006). Further, nervous, flighty animals, whether this is due to breed, strain, 

                                                 
6 Strains refer to groups of animals from the same breed that have been bred in divergent lines, e.g., the 

Murray and Peppin strains of Merinos. 
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age or individual characteristics, tend to make poorer mothers than calmer animals 

(O'Connor et al. 1985; Murphy 1999).  

 

2.2.5 Infection 

Infections are generally viewed to be a relatively minor cause of mortality on Australian 

farms, causing between 3 and 7 percent of lamb deaths (Dennis and Nairn 1970; Hughes 

et al. 1971; Dennis 1974b). Whilst, in some cases, infection was the primary cause of 

death, in others, infection simply hastened death from other factors, such as starvation 

(Dennis 1974b). However, it is worth noting that lambs will be more vulnerable to 

infection if they have not received sufficient colostrum, as colostrum is the sole source 

of antibodies within the first hours of life (Nowak and Poindron 2006). This adds 

support to the suggestion that infection may, in many cases, hasten an already imminent 

death.  

 

2.2.6 Predation 

Australian farmers tend to view predation as a major cause of lamb mortality, however, 

it is more likely to be a convenient scapegoat (Alexander et al. 1967; Dennis 1969; 

Dennis and Nairn 1970; Dennis 1974a; Alexander 1984). For example, in one study, 

although 67 percent of lamb carcases had been mutilated by predators post-mortem, 

predation was the primary cause of only 3 percent of deaths (Dennis and Nairn 1970). 

Similarly, post-mortem mutilation was found in 44 percent of deaths in another study, 

but predation was lethal in less than 3 percent of deaths (Dennis 1969). Most predator 

losses have been attributed to foxes and crows (Alexander et al. 1967; Dennis 1969; 

Dennis and Nairn 1970), where the predator activity appears to be mostly opportunistic; 

taking advantage of lambs already weakened by cold exposure or starvation (Alexander 

et al. 1967). 
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2.2.7 Summary of the causes of lamb mortality   

From the research reviewed in the previous section, it is clear that the majority of lamb 

losses can be attributed to a series of interacting factors, including starvation, 

mismothering and hypothermia (Nowak and Poindron 2006). Ewe nutrition also plays a 

central role in many of these deaths, as poor nutrition contributes to low birth weights, 

poor lamb vigour, insufficient colostrum (either produced by the ewes or received by 

the lamb) and mismothering (Alexander 1984).  Weather conditions can also contribute 

to lamb mortality, both directly, through the effects of cold, wet and windy weather on 

newborn lambs, and also indirectly, through the effect on nutrition (Watson and Elder 

1961). As such, the sheep industry has identified a series of strategies to improve lamb 

survival that focus on the issues discussed in this section. 

 

2.3 Strategies to improve lamb survival 

Sheep industry stakeholders have placed a heavy emphasis on research into the methods 

to improve lamb survival rates (Barnett and Sneddon 2006). Much of the research into 

improving lamb survival rates has focused on ameliorating the effects of poor weather 

conditions, improving mothering behaviour, reducing the impacts of predation, and 

improving genetics and nutrition. It has been shown that the use of these strategies can 

reduce lamb mortality rates by up to 50 percent (Nowak and Poindron 2006). The major 

strategies identified in the literature are discussed in the following sections through a 

review of the most cited works. A selection of research papers contributing to this 

knowledge is listed in Table 2.2.  

 

 



21 
 

Table 2.2 The major strategies to improve lamb survival rates and the supporting 

research 

Strategy Research papers 

Provision of shelter Alexander et al. 1979; Alexander et al. 1980; Egan 
et al. 1972; Glover et al. 2008; Lynch and 
Alexander 1977; Lynch and Alexander 1980; Lynch 
et al. 1980; Oldham et al. 2008; Paganoni et al. 
2008; Stevens et al. 1981 

Reducing disturbance Kelly and Lindsay 1987; Murphy et al. 1994; Putu 
et al. 1988; Tyrell and Giles 1974; Winfield 1970 

Control of predators Fleming et al. 2006; Hunt et al. 2007; Jenkins 2003; 
Thomson 1984; Thomson et al. 2000 

Selecting ewes based on 
temperament 

Bickell et al. 2009; 2010; Everett-Hincks et al. 
2005; Lennon et al. 2009; Murphy 1999; Murphy et 
al. 1998; O’Connor et al. 1985; Putu 1988 

Selection based on survival traits Brien et al. 2010; Cloete et al. 2009; Haughey and 
George 1982; Murphy 1999 

Maintaining ewe nutrition Putu 1988 

Pregnancy scanning Bowman et al. 1989; Fowler and Thompson 1986 

Focus-feeding Banchero et al. 2002; Murphy and Lindsay 1996; 
Murphy et al. 1996 

 

2.3.1 Provision of shelter 

The provision of shelter for ewes lambing in winter has been shown to reduce mortality 

for single lambs by 10 percent, and by around 30 percent for twin lambs (Alexander et 

al. 1980). It is thought that the provision of shelter acts to improve lamb survival in 

three main ways: 

1) by protecting the newborn lamb from ‘wind chill’ (Alexander et al. 1980);  

2) by providing feed to encourage the ewe to remain close to the birth site (Oldham 

et al. 2008); and  

3) by increasing colostrum production in ewes (Martin 2009).  
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The effectiveness of shelter can be influenced by the type of shelter provided, the 

weather conditions during lambing and the time since shearing.  

 

Various types of shelter, including bushland, hedgerows or a standing crop, can be 

provided to improve lamb survival rates. Providing shelter in the form of cypress 

hedges reduced mortality in single lambs in the first 48 hours (to 6 percent), compared 

to lambs born in unsheltered paddocks (19 percent, p < 0.01; Egan et al. 1972). 

Similarly, the provision of grass hedges halved mortality rates to 5 percent for single 

and 41 percent for twin lambs in the sheltered paddocks, compared with 11 percent and 

68 percent, respectively in the unsheltered paddocks (Lynch and Alexander 1977). The 

use of polyethylene windbreaks yielded greater reductions in the mortality of twins (31 

percent vs. 68 percent in the unsheltered paddocks), but ewes showed a preference for 

the grass hedges over the polyethylene windbreaks, and some grazing of the grass 

hedges was observed (Lynch and Alexander 1977).  Similarly, twin Merino lambs born 

in an oat crop had lower mortality rates (10 percent) than their counterparts born on 

pasture (18 percent; Oldham et al. 2008) – the mild weather conditions reported during 

this study are likely to be responsible for the lower-than-usual mortality rates. While all 

types of shelter studied reduced wind-speed, the use of a standing crop or another food 

source can encourage the ewe to remain at the birthsite for longer, thus reducing 

mortality through two approaches. For example, Merino ewes lambing in a standing oat 

crop tended to ‘nest’ in the crop and remained at the birth site for up to 12 hours, 

whereas ewes lambing on pasture spent between three and four hours on average at the 

birth site (Putu, cited in Oldham et al. 2008).  

 

The effectiveness of shelter is influenced by the weather conditions around the time of 

lambing. Most lamb deaths have been observed to occur during periods of ‘harsh’ 
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weather, compared to ‘mild’ or ‘intermediate’ weather.7 During a five day period of 

particularly harsh weather, 40 percent of the lambs born in unsheltered paddocks died, 

compared to only 12 percent (p < 0.01) of those born in paddocks with cypress 

hedgerows (Egan et al. 1972). The impact of weather conditions can make it difficult to 

quantify the likely effects of the provision of shelter in harsh weather, if these harsh 

conditions are not experienced during the experimental period. However, as mentioned 

in the previous paragraph, lower-than-usual mortality rates were observed in one study 

conducted during mild weather conditions, although lamb mortality was still 

significantly lower in sheltered paddocks relative to unsheltered paddocks (Oldham et 

al. 2008). In contrast, other studies conducted during mild weather showed no 

significant differences, although there was a tendency for lower mortality in sheltered 

paddocks (Glover et al. 2008; Paganoni et al. 2008). As such, farmers need to find a 

balance between the risk of a poor season (i.e., harsh weather) and the costs of 

implementing such strategies in milder seasons when the benefit may be low. Farmers 

in regions with generally mild winter weather may well decide that the risk of a poor 

season is worth taking, in terms of not investing in additional shelter.  

 

In a further example of the complexity of management decisions, the mortality of 

single-born lambs during mild weather has been observed to be higher in a oat crop, 

where the mortality rate was 13 percent, compared to pasture, where the mortality rate 

was 4 percent (Oldham et al. 2008). Although birth weight of the lambs in this study 

was not measured, so as not to disturb the ewes and lambs, it was suspected that the 

                                                 
7 Under harsh conditions, mean temperatures ranged from 3.3 – 11.4oC, with average wind speeds of 2.3 

m s-1 (shelter) and 6.2 m s-1 (exposed), and rainfall of 57 mm. Under mild conditions, mean temperatures 

ranged from 4.0 – 13.9oC, with average wind speeds of 0.9 m s-1 (shelter) and 2.6 m s-1 (exposed), and 

rainfall of 10.8 mm. Under intermediate conditions, mean temperatures ranged from 2.7 – 14.1oC, with 

average wind speeds of 1.5 m s-1 (shelter) and 4.7 m s-1 (exposed), and rainfall of 7.8 mm (Egan et al. 

1972). 
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presence of the oat crop allowed the single-bearing ewes to over-eat, resulting in large 

lambs and difficult births (Oldham et al. 2008). This negative effect of the provision of 

edible shelter before parturition might impact on farmers’ decisions to provide edible 

shelter to lambing ewes. However, the use of pregnancy scanning to identify single- and 

twin-bearing ewes for separation into pasture for single- and edible shelter for twin-

bearing ewes may help to minimise the risk of dystocia in the single-bearing ewes. 

 

Despite the apparent effectiveness of the provision of shelter to reduce lamb mortality, 

ewes can be reluctant to use the shelter (Lynch and Alexander 1980). The provision of 

shelter in the form of a standing crop, rather than as bushland outcrops or hedgerows, 

may negate this. However, if hedgerows or bushland are used, shearing ewes just prior 

to lambing has been shown to increase their use of shelter and improve lamb survival 

rates (Lynch and Alexander 1980; Lynch et al. 1980). Ewes shorn one, two or four 

weeks before lambing were more likely to make use of grass hedge shelters  in the three 

weeks preceding lambing (80 percent), as compared to ewes shorn eight weeks prior to 

lambing (30 percent; Lynch and Alexander 1980). Further, ewes shorn four weeks prior 

to lambing continued to use the shelter extensively for eight weeks after shearing, 

suggesting that the appropriate timing contributed to “training” the ewes to make use of 

the shelter (Lynch and Alexander 1980; Lynch et al. 1980).  Additionally, shorn ewes 

lambing in paddocks with either phalaris hedges or plastic mesh fences tended to 

congregate around the shelter more often, particularly at night, in comparison to 

unshorn ewes in paddocks with or without shelter, and shorn ewes in paddocks without 

shelter, which were more evenly positioned across the entire paddock area (Lynch and 

Alexander 1977). However, the decision on when to shear their ewes also requires 

farmers to consider multiple factors, as shearing during mid-pregnancy - as opposed to 

the late-pregnancy shearing required for encouraging the use of shelter - has been 
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shown to increase lamb birthweights, which can improve lamb survival rates (e.g., 

Kenyon et al. 2002b; Kenyon et al. 2002a; Kenyon et al. 2005; Corner et al. 2006). 

 

2.3.2 Reducing disturbance 

Uninterrupted contact between the ewe and her lamb/s in the period immediately after 

lambing is vital for the establishment of the ewe-lamb bond and increased lamb survival 

rates (Lindsay et al. 1990; Nowak 1996; Nowak and Poindron 2006). Disturbance by 

humans, predators or other sheep, or the ewe leaving the birthsite in search of food or 

water, can interrupt and prevent the formation of this bond (Lindsay et al. 1990; Nowak 

1996). The longer ewes remain with their lamb/s to establish the bond, the lower the 

rates of separations and lamb mortality (Alexander et al. 1983a; Putu et al. 1988; 

Buttrose et al. 1992; Murphy et al. 1994).  

 

Disturbance during lambing may also prevent the formation of the ewe-lamb bond 

through the reduced development of maternal behaviour. Disturbance during parturition 

has been shown to reduce oxytocin release in sows (Lawrence et al. 1992) and this is 

also likely in lambing ewes (Dwyer 2008a). Oxytocin plays an important role in 

stimulating maternal behaviour (Kendrick et al. 1987; Lévy et al. 1992), with reduced 

oxytocin levels likely to prevent the onset of maternal behaviour in the ewe. 

Primiparous ewes tend to have lower levels of oxytocin at parturition than multiparous 

ewes (Levy et al. 1995) and, as such, they may be particularly susceptible to impacts of 

disturbance at lambing (Stookey 1997). 

 

The reduction of disturbance may involve reducing the stocking rate, minimising human 

presence or interference, optimising ewe nutrition in late pregnancy, and avoiding the 

use of dogs if handling is necessary. Lamb mortality rates tend to be greater at higher 
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stocking densities, due to interference from other ewes (Winfield 1970; Kelly and 

Lindsay 1987). Ewes become attracted to newborn lambs just before parturition and 

may investigate other ewes’ lambs during this time, interrupting the bonding process 

between the mother and lamb (Nowak and Poindron 2006). Similarly, farmers driving 

through the paddock to deliver feed to sheep (trail-feeding) may increase lamb mortality 

as, especially if underfed during late pregnancy, ewes may leave their lambs to chase 

the vehicle (Nowak et al. 2008; Martin 2009).  Whereas human assistance in difficult 

births can increase lamb survival in ewes used to human interference (Tyrrell and Giles 

1974), it may increase abandonment of the lamb, thus reducing survival, in fearful ewes 

or those unaccustomed to human handling and interference (Nowak et al. 2008). The 

extensive nature of many Australian farming enterprises may mean that ewes are not 

accustomed to close human contact, which may be detrimental at lambing. Many 

Australian farmers do avoid interacting with lambing flocks, especially as assisting in 

difficult births is believed to perpetuate the lambing difficulties in future generations 

(S.P. Williamson, pers. comm.; P. South, pers. comm.). Based on this, it seems unlikely 

that human interference is a major cause of mortality in the Australian sheep industry, 

whereas the abandonment of the lamb by the ewe in order to search for food seems 

more likely, given the often sub-optimal nutritional management of ewes (Banks 2002).  

 

2.3.3 Control of predators 

Predators may be controlled through baiting, shooting, trapping, fencing or the use of 

guard animals. The methods most commonly used by Australian sheep farmers to 

control wild dogs included poisoned baits (71 percent), shooting (60 percent), and 

trapping (59 percent), whereas lesser used strategies included fencing (19 percent) and 

the use of guard animals, such as alpacas or Maremma dogs (21 percent; Hewitt 2009). 
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The use of poisoned baits, such as sodium monofluoroacetate (commonly referred to as 

1080) is a commonly used and cost-effective method of controlling wild dogs and foxes 

(Fleming et al. 2006). When a buffer zone was created using baits, it took dingoes two 

years to recolonise the area and the predation of sheep was almost completely 

eradicated during that time (Thomson 1984, cited in Fleming et al 2006). The creation 

of buffer zones for foxes appears to be equally effective (Thomson et al. 2000). There 

is, however, the potential for animals who ingest sub-lethal doses of baits to develop an 

aversion to the baits (Hunt et al. 2007). Synthetic lures, such as FeralMone®, placed 

with the baits to attract animals, can be useful in these cases, and increase the number of 

target animals visiting baited sites and ingesting baits (Hunt et al. 2007).   

 

The use of guard animals, such as alpacas, llamas, donkeys and Maremma dogs, can 

also help to reduce lamb mortality. The use of livestock-guarding dogs was reported to 

reduce lamb losses by between two- and six-fold (Andelt 2004).  The use of llamas was 

reported to reduce sheep and lamb losses from 11 percent to 1 percent (Franklin and 

Powell 1993). Further, the percentage of producers who believed that llamas would be 

effective or very effective at protecting sheep increased from 30 percent before use to 

90 percent after 20 months of use (Meadows and Knowlton 2000). While most of the 

research on the effectiveness of guard animals has been conducted in the USA, where 

coyotes are the main predators, there are indications that the use of guard animals could 

yield benefits in Australia. For example, Jenkins (2003) presented case studies in which 

the use of Maremma dogs reduced levels of lamb losses to predators by up to 98 

percent. In another case study, a producer using alpacas as guard animals conservatively 

estimated that his lambing percentages were between 5 and 10 percent higher in 

guarded flocks than unguarded flocks (Jenkins 2003).  
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2.3.4 Genetics 

Genetic selection can also be used to improve lamb survival rates. For example, 

breeding ewes can be selecting based on their temperament, rearing ability, or their 

ability to produce lambs with particular traits. However, for genetic selection to be an 

effective method of improving lamb survival rates, it is important that the selected traits 

are easy to measure or predict, repeatable and heritable. In the following section, the 

research on genetic selection, including the heritability and repeatability of traits 

associated with lamb survival, will be discussed.  

 

2.3.4.1 Temperament  

Selecting ewes based on their temperament may help to improve lamb survival rates. 

Temperament refers to behavioural tendencies that may mediate responses to stimuli, 

such as fear (Boissy et al. 2005). Temperament remains relatively stable throughout the 

life of the individual sheep (Bickell 2009). Ewes selected for calm temperament, or low 

responsiveness to humans, have been shown to display better maternal behaviour and 

have higher lamb survival rates than nervous ewes (O'Connor et al. 1985; Murphy et al. 

1998; Murphy 1999; Bickell 2009; Bickell et al. 2010b). Calm ewes remained at the 

birth site for up to 2.5 hours longer and spent longer grooming their lamb/s than nervous 

ewes (Murphy 1999; Bickell et al. 2010b). When approached by a human just after 

parturition, calm ewes retreated less than half the distance from their lamb/s than 

nervous ewes, and returned to their lamb/s in half the time (Murphy 1999). Only five 

percent of calm ewes became separated from their lambs in the first hour after 

parturition, compared to 31 percent of nervous ewes, and the duration of these 

separations was approximately 10 minutes less than in nervous ewes (Murphy 1999). 

This translated into lower lamb mortality rates in calm ewes (11 percent) than in 

nervous ewes (20 percent; Murphy 1999). Specifically, 7 percent of single lambs and 16 
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percent of twin lambs born to calm mothers died between birth and weaning, compared 

to 16 percent of single lambs and 26 percent of twins born to nervous ewes (Murphy 

1999). An overview of Murphy’s (1999) results is presented in Table 2.3.  

 

Table 2.3 The mothering behaviour of calm ewes and nervous ewes, as reported by 

Murphy (1999). 

Trait Calm Nervous Significance 

Distance retreated (m) 2.3 ± 1.1 6.2 ± 1.2 p < 0.02 

Time to return (sec) 27.6 ± 9.7 61.7 ± 10.0 p < 0.02 

Frequency of bleating 473 ± 51 320 ± 52 p < 0.05 

Time at birth site (h) 3.6 ±0.4 1.3 ± 0.4 p < 0.001 

Time spent grooming lamb 
(min) 

37.7 ± 2.1 24.2 ± 2.2 p < 0.001 

Incidence of separations 
within first hour (%) 

5.38 31.05 p < 0.001 

Average duration of 
separation (min) 

1.6 ± 0.4 12.4 ± 2.2 p < 0.05 

Mortality of single lambs (%) 6.98 16.22 p < 0.01 

Mortality of twin lambs (%) 15.91 26.11 p < 0.05 

Overall lamb mortality (%) 10.87 19.85 not shown 
 

The lower lamb mortality rates in calm ewes appear to be a result of their reduced 

responsiveness to humans. When observations were made from a tower to minimise the 

impact of human presence on the behaviour of the sheep, there were no differences in 

lamb mortality between calm and nervous ewes (p = 0.40), even though the calm ewes 

continued to display stronger maternal behaviour (Bickell et al. 2010b). This is likely to 

have important impacts in farming systems in which human interaction occurs at and 

around the time of lambing, such as checking ewes and lambs, or hand- or trail-feeding. 
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Temperament traits and indicators of maternal behaviour have also been shown to be 

related (Putu 1988; Murphy 1999). For example, there were moderate  to high 

correlations between the behavioural parameters used for temperament selection 

(specifically, the responses to isolation from flockmates and the presence of a human) 

and traits, such as the distance retreated from the lamb during tagging, the time taken to 

return to the lamb, the time spent at the birth site, and the time spent grooming the lamb 

in the first hour (Putu 1988; Murphy 1999). The repeatability of maternal traits8 was 

found to be moderate to high (Murphy 1999), and the heritability of maternal and 

temperament traits was found to be low to moderate (Lennon et al. 2009). As such, the 

results of temperament tests conducted at weaning could reasonably be used to predict 

maternal behaviour at breeding age (Murphy 1999). The sometimes-low heritability 

estimates, and the variation in heritability and repeatability highlights the role of the 

environment in influencing lamb mortality (Sawalha et al. 2007). Thus, although 

selection for temperament and responsiveness to humans can be used to improve lamb 

survival rates, it is still be necessary for farmers to provide an appropriate lambing 

environment for their ewes.  

 

2.3.4.2 Rearing ability 

Lamb survival can also be improved by selecting ewes based on their rearing ability. 

Both weaning weight and lamb survival to weaning were directly related to the total 

weight of lamb weaned per breeding ewe, indicating that some ewes are simply better at 

producing and rearing lambs than others (Cloete et al. 2001). Indeed, the probability of 

a ewe repeatedly failing to rear a lamb to weaning ranged between 37 and 55 percent 

(Haughey and George 1982). 

                                                 
8 The repeatability estimates were based on the correlation between the initial measurements and 

measurements taken in subsequent years.  
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Ewes selected based on a demonstrated ability to rear more than one lamb per mating, 

displayed stronger maternal behaviour than ewes selected for low rearing ability (less 

than one lamb per mating), as they were less likely to prevent or discourage their lambs 

from sucking, tended to be less likely to desert their lambs and returned to their lambs 

faster (Cloete and Scholtz 1998; Cloete et al. 2005). Lambs from the high-rearing ewes 

took less time to progress from standing to sucking, and followed their mother more 

closely after leaving the birthsite (Cloete and Scholtz 1998; Cloete et al. 2005). 

Predicted genetic gains in lamb survival were higher in the high-rearing flock than the 

low-rearing flock (Cloete et al. 2009). This indicates that farmers can improve lamb 

survival on their farms by selecting ewes with a demonstrated ability to rear one or 

more lambs per mating. Achieving this by culling ewes which fail to rear a lamb would 

also allow farmers to make more efficient use of feed because the number of 

unproductive animals would be reduced. 

 

2.3.4.3 Survival traits 

There are numerous genetic characteristics in the lamb that can improve survival rates. 

For example, lamb survival to three days of age was moderately to strongly correlated 

with lambing ease (on a scale of 1 to 5, with 1 indicating that the ewe lambed unassisted 

and 5 indicating that veterinary assistance was required), and weakly correlated with 

birth coat score, rectal temperature at birth, crown-rump length, and time taken to bleat 

(Brien et al. 2010). Other traits associated with improvements in lamb survival, such as 

the time taken to stand and time taken to suck, have been shown to have low to 

moderate heritability (Cloete et al. 2002). Similarly, lamb survival itself, and lamb 

weaning weight have been demonstrated to have low, but significant, heritability 

estimates (Cloete et al. 2001). Despite the relatively low heritability estimates 
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associated with many survival traits, genetic gains do appear to be possible and it has 

been calculated that genetic gains could be improved five-fold by including lambing 

ease, birth coat score, rectal temperature, crown-rump length and time taken to bleat in a 

selection index, as compared to a baseline index in which only lamb survival to weaning 

was used (Brien et al. 2010). These criteria may be difficult to include in a selection 

index, however, as many of them, with the exception of lambing ease and possibly time 

taken to bleat, require the farmer to interact with the ewe and lamb soon after 

parturition. As such, the required data collection would interrupt the establishment of 

the ewe-lamb bond and could result in increased lamb mortality.  

 

2.3.5 Feed and nutrition 

Maintaining good nutrition to pregnant and lactating ewes is thought to be vital for lamb 

survival, as underfed ewes are likely to abandon their lambs (Nowak et al. 2008). Twin-

bearing ewes kept on a low plane of nutrition in late pregnancy were 15 percent more 

likely to permanently desert their lambs and had higher rates of lamb mortality than 

those on a high plane of nutrition (33 percent mortality v. 15 percent, p = 0.006; Putu 

1988). Similarly, ewes whose body condition score9 at lambing was between 3 and 4 

had higher lamb survival rates than those whose condition score was 2.5 or less 

(Thompson and Meyer 1994).  

 

The need for adequate nutrition appears to be greatest in late pregnancy. Twin foetuses 

were heavier at day 140 of pregnancy in ewes fed ad libitum than ewes fed a 

maintenance ration, but there was no difference in foetal weight in early or mid-

pregnancy (Blair et al. 2011). Similarly, there was no difference in lamb mortality 

                                                 
9 Body condition score is an estimate of the condition of an animal based on muscling and fat 

development. It is measured on a scale of 1 – 5, with 1 being ‘emaciated’ and 5 being ‘obese’ (Thompson 

and Meyer 1994). 
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between ewes fed a restricted or maintenance diet in early pregnancy and those fed ad 

libitum, as long as nutrition was sufficient in late pregnancy (Putu 1988; Kenyon et al. 

2011). There are numerous ways of ensuring lambing ewes obtain adequate nutrition, 

including the provision of edible shelter (as previously discussed), the use of pregnancy 

scanning results to separate and manage feeding regimes for non-pregnant, single- and 

twin-bearing ewes, and focus-feeding. The use of pregnancy scanning and focus-feeding 

are discussed below.  

 
2.3.5.1 Pregnancy scanning 

The diagnosis of pregnancy using ultrasound scanning and the use of the resulting data 

in ewe management can allow farmers to maximise the feeding efficiency of their flock, 

whilst improving lamb survival rates (Bowman et al. 1989). Scanning can be used to 

identify non-pregnant, single-bearing, and multiple-bearing ewes, and this information 

can be used to separate the ewes and feed them according to their pregnancy status. This 

allows farmers to address the increased feed requirement of multiple-bearing ewes 

while avoiding the over-feeding of single-bearing and non-pregnant ewes, which 

reduces the inefficient use of feed and, in the case of single-bearing ewes, the risk of 

dystocia. The use of scanning in this manner has been related to a 5 percent increase in 

twin lamb survival, an increased ratio of lambs weaned to ewes mated, and an average 

increase in gross returns of $110010 when the scanned and non-scanned flocks were 

maintained at an equal stocking pressure and similar levels of fecundity (Bowman et al. 

1989). When twin-bearing ewes were separated from single-bearing ewes and fed 

according to requirements, the survival of twin lambs was 16 percent higher (89 

percent), and twin lambs were 1.2 kg heavier at 50 days (13.5 kg), than when separation 

did not occur (73 percent; 12.3 kg). Further, overall lamb survival was 10 percent higher 

                                                 
10 Based on a flock size of 3500 breeding ewes 
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in the scanned and separated flock than in the non-scanned flock (88 percent vs. 78 

percent; Fowler and Thompson 1986). 

 

The economic benefit of scanning is affected by several factors. For example, Bowman 

et al. (1989) found that the effectiveness of scanning was greater in autumn-lambed 

flocks than in spring-lambed flocks, due to the reduced availability of pasture in 

autumn. Further, the benefits of scanning increased as the proportion of twin-bearing 

ewes increased, as twin-bearing ewes gain the most benefit from the improved 

nutritional management (Bowman et al. 1989). Some farmers prefer to use scanning 

only to identify which ewes are pregnant, and not to identify twin-bearing ewes, as this 

is less expensive and allows a wider time-frame for scanning to take place (Young 

2008; Sheep CRC 2009). However, the main benefits of scanning arise from the 

identification of twin-bearing ewes, as it is these ewes which tend to suffer the most 

from under-nutrition in terms of colostrum production and lamb birthweight (Alexander 

1984; McNeill et al. 1988; Nowak and Poindron 2006). 

 

2.3.5.2 Focus-feeding 

The term ‘focus-feeding’ refers to nutritional supplements provided at specific points in 

the reproductive cycle, with the aim of increasing reproductive rate, including lamb 

survival (Martin et al. 2004). Supplementing ewes with lupin grain during the last 

month of pregnancy resulted in increased lamb survival rates (Murphy and Lindsay 

1996), due to increased colostrum production (Murphy et al. 1996; Banchero et al. 

2009). It is thought that approximately one-third of unsupplemented Merino ewes do 

not produce enough colostrum to support their lambs (Murphy et al. 1996). 

Supplementing ewes with lupins for the last seven days of pregnancy produced nearly 

twice as much colostrum (77 percent more on average) than unsupplemented ewes, 
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while supplementation with maize or a high-energy lick resulted in colostrum 

production more than doubling (Murphy et al. 1996; Banchero et al. 2002; Banchero et 

al. 2009). 

 

2.3.6 Summary of strategies to improve lamb survival rates 

The research reviewed in the previous section identified numerous strategies to improve 

lamb survival rates. These strategies focused on genetics, the management of nutrition 

and improving mothering behaviour. It is worth highlighting that many of the papers 

investigating the causes of lamb mortality and methods of improving lamb survival date 

from the 1970s and 1980s. Lamb mortality is not a recent issue; it has long been 

recognised as a problem for the Australian sheep industry. Six decades of research into 

methods of improving lamb survival support this. The basic biology underlying these 

methods is so well supported in the literature that it has been described as 

‘incontrovertible’ (Martin 2009, pp. 4 & 42). Yet, as previously mentioned, lamb 

mortality rates in Australia have not shown any appreciable decrease in the last century 

(Barnett and Sneddon 2006). Thus, it is necessary to examine the extension and 

knowledge transfer pathways currently used to try to improve lamb survival, to 

understand why farmers may not adopt strategies to improve lamb survival rates. 

 

2.4 Extension of lamb survival strategies  

Despite the large amount of research identifying effective methods to decrease lamb 

survival, the adoption of these strategies by farmers has been relatively low. In order to 

understand why this is the case, it is necessary to investigate the ways in which this 

research has been communicated to farmers. Agricultural extension pathways, both in 

general and specific to the sheep industry, will be discussed in the following section.  
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2.4.1 Technology transfer 

Research, development and extension (RD&E) within the Australian sheep industry has 

traditionally followed a ‘technology transfer’ approach (see Guerin and Guerin 1994; 

Vanclay and Lawrence 1994; Frank 1995; Ruttan 1996; Marsh and Pannell 2000). 

Under this approach, R&D corporations and other research institutions carry out 

research in an area they perceive to be a problem, and the results of this research are 

passed on to extension services to be communicated to farmers (Vanclay and Lawrence 

1994). Extension efforts are concentrated on the most innovative farmers, or those who 

are early adopters of new technologies (i.e. progressive farmers; Guerin and Guerin 

1994). It is assumed that the rest of the farming population will become aware of the 

innovation through observation and will then adopt it themselves, leading to the 

diffusion of the innovation through the population. Thus, the transfer of new knowledge 

and technologies to the farming population is assumed to follow a simple, linear process 

(i.e. scientist  extension agent  progressive farmer  other farmers). 

 

The underlying assumption of the technology transfer approach is that the innovation 

will be of benefit to all farmers within the population and that, as such, the majority of 

farmers will eventually adopt the innovation (Vanclay 2004). Further, it is assumed that 

the use of this approach results in the innovation spreading through the community 

more rapidly than if extension efforts were more generally applied, because extension 

workers can focus on progressive farmers, who actually want to change their behaviour, 

and these progressive farmers can pass on the innovation to other farmers (Stephenson 

2003). 

 

However, it is becoming increasingly obvious that this top-down approach to 

agricultural technology transfer, while effective for some innovations, is not appropriate 
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for many new technologies (Ruttan 1977; Röling 1988; Hildebrand 1993; Vanclay and 

Lawrence 1994; Frank 1995). The main reasons for this are as follows:  

1) The technology transfer approach has an inherent ‘pro-innovation’ bias.  

It presumes that research is focused on increasing profit and productivity, 

and that consequently, the resulting innovations should be adopted by all 

farmers (Ruttan 1977; Röling 1988; Frank 1995). In this way, farmers who 

do not adopt are viewed as ‘laggards’, and the underlying causes of non-

adoption are left unexamined (Ruttan 1977; Rogers 2003). It is rarely even 

acknowledged that farmers could rationally decide not to adopt an 

innovation (Hildebrand 1993; Vanclay and Lawrence 1994).  

 

2) Focussing on only the progressive farmers may intensify inequalities within 

farming systems. 

This top-down approach can be viewed as unethical, as it ignores those 

farmers who are most likely to need extension assistance and instead focuses 

on the proactive farmers who are more able to help themselves (Röling 

1988). Thus, it has been argued, that the focussing of attention on only the 

progressive farmers intensifies inequalities within farming systems (Röling 

1988; Vanclay 2004). This is of particular relevance to Australian agriculture 

as all livestock producers are required to pay levies to R&D corporations, 

such as AWI and MLA, which creates an obligation for these corporations to 

provide equivalent services to all farmers (MLA 2011). However, while 

information on innovations is made publicly available through reports 

published on the corporation websites, it is not necessarily provided in a 

format targeted at, or even appropriate for, all industry participants (Mullen 

2002).  
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3) The technology transfer approach does not work as well for complex 

innovations. 

Mullen et al. (2000) pointed out that technology transfer approaches tend to 

work for simple innovations, such as the production of new crop varieties. 

Indeed, it was very successful at promoting the adoption of new crop 

varieties during the 1970s (Ruttan 1977). However, more complex changes 

to the system, such as packages of management strategies, require a different 

approach (Mullen et al. 2000). This demonstrates the importance of 

considering the characteristics of the innovation, and the context in which it 

is being adopted, when considering extension and studying adoption.  

 

Innovations can be judged in terms of their relative advantage, compatibility, 

complexity, trialability and observability (Rogers 2003; Robinson 2009). 

Simple innovations that do not require major changes to the farming system, 

but that can be tried on a small scale, offer large pay-offs and have easily 

observable outcomes are more ‘adoptable’ than complex, non-trialable 

innovations with low observability (Guerin and Guerin 1994; Rogers 2003; 

Vanclay 2004; Pannell et al. 2006).  

 

2.4.2 Farmer participation 

The problems and concerns highlighted in the previous section have prompted moves 

away from the top-down approach, with an increasing emphasis on farmer participation 

and adult learning principles (Marsh and Pannell 2000; Hunt and Coutts 2009). For 

example, recent efforts include programs such as Lifetime Ewe Management (LTEM) 
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and BESTWOOL/BESTLAMB,11 which involve small groups of farmers working 

together, with a facilitator, over an extended period to obtain new knowledge and skills. 

These programs appear to have been highly successful at changing the behaviour of 

participating producers (Logan 2005; DPI Victoria 2011; Trompf et al. 2011). LTEM is 

described in more detail, and the impacts on participating producers are examined, in 

the following section.  

 

2.4.2.1 Lifetime Ewe Management (LTEM) 

LTEM is a two-year education and training program for sheep producers run by the 

Sheep CRC, in conjunction with Rural Industries Skills Training (RIST). RIST provides 

national accreditation for the program. LTEM was designed to promote the messages 

and tools developed in Lifetimewool, which aimed to integrate new and existing 

knowledge on the impact of ewe nutrition on reproduction and offspring performance 

(Curnow et al. 2011). The objectives of LTEM are to improve producers’ understanding 

of the influence of ewe nutrition of reproductive performance, and to provide producers 

with the opportunity to develop their skills in managing ewe nutrition to optimise 

performance (Trompf et al. 2011). Specifically, improved lamb survival is one of the 

aims of LTEM, in addition to increased conception rates.  

 

Participating producers work in small groups (4-6 producers) with a trained facilitator, 

and meet six times over the two-year period, at key times in the reproduction cycle 

(Trompf et al. 2011). At each meeting, the group works through a series of activities to 

help them build the skills, such as feed budgeting and measuring condition score, which 

are needed to apply LTEM principles on their farms. Each producer’s farm is visited at 

                                                 
11 http://www.rist.com.au/lifetime_ewe_management; http://www.dpi.vic.gov.au/agriculture/beef-and-

sheep/sheep/bestwoolbestlamb  
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each session, to enable participants to observe each other’s progress and discuss any 

problems, issues or barriers that may have arisen (Trompf et al. 2011).  

 

Within the first four years of the program (2006-2010), 212 producers participated in 

LTEM (Trompf et al. 2011). Participating producers increased their lamb marking rate, 

a measure of both reproductive performance and lamb survival, by 11-13 percent 

(Trompf et al. 2011). Additionally, after LTEM, 65 percent of participants recorded 

their lamb survival rates, compared to only 12 percent before LTEM (Trompf et al. 

2011). Participants reported that they felt twice as confident of their ability to manage 

their ewes to condition score targets, and three times more confident of their ability to 

measure condition score and calculate energy budgets after participation (Trompf et al. 

2011). Notably, ninety percent of LTEM participants adopted Lifetimewool practices, 

compared to an industry average of 12 percent (Jones et al. 2011b). This suggests that 

this program, based around adult learning principles, was extremely successful at 

changing participating producers’ behaviour (Trompf et al. 2011). However, it seems 

that this knowledge has had limited transfer to other non-participating producers. 

 

2.4.3 Evaluation of sheep industry extension programs 

As discussed in the previous section, recent extension efforts within the sheep industry 

have focused on adult learning principles (Marsh and Pannell 2000; Hunt and Coutts 

2009) and demonstrated considerable success in changing the behaviour of participating 

farmers (DPI Victoria 2011; Trompf et al. 2011).  However, it appears that, despite this 

change, much of the extension in the Australian sheep industry is still based upon the 

idea that extension efforts can be primarily focused on the most progressive farmers 

(Sneddon 2008). While adult learning and participation form the basis of successful 

programs such as LTEM, these programs still rely on voluntary recruitment procedures, 



41 
 

under which only interested, motivated and progressive farmers are likely to take part 

(Trompf and Sale 2001b; Donnelly et al. 2002; Logan 2005). As such, it is not clear 

from the evaluations of specific programs how effective they have been in reaching the 

industry as a whole. Donnelly (2002) acknowledges that only the top 10 to 15 percent of 

producers are likely to seek advice from advisors and consultants, which suggests that 

these extension activities may not be very successful at transferring knowledge to the 

wider farming population. 

 

Logan’s (2005) evaluation of extension programs run by MLA, such as Prime Time or 

Making More from Merinos, EDGE Network programs and Lifetime Wool,12 lends 

support to this. Logan (2005) found that 73 per cent of producers were aware of at least 

one of these programs, although some needed prompting (i.e., demonstrating 

recognition rather than recall). However, only 23 per cent of aware producers (17 per 

cent of producers overall) had actually attended one of the programs. Of those that did, 

65 per cent made changes to their management practices (Logan 2005). Thus, while a 

high proportion of participants changed their management practices, the extension 

programs resulted in only 11 per cent of the total number of targeted producers 

changing their practices.  

 

2.4.4 Summary of extension activities within the sheep industry 

As discussed in the previous sections, extension within the sheep industry traditionally 

followed a top-down, technology transfer approach (Röling 1988; Ruttan 1996). In 

recent years, the focus has shifted to farmer participation and the embedding of adult 

learning principles in extension programs (Marsh and Pannell 2000; Hunt and Coutts 

                                                 
12 http://www.makingmorefromsheep.com.au/index.htm; http://www.mla.com.au/Research-and-

development/Extension-and-training/EDGEnetwork; http://www.lifetimewool.com.au/ 
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2009). The resulting programs, including LTEM and BESTWOOL/BESTLAMB, 

appear to have been extremely successful at facilitating behavioural change amongst 

participating producers (Logan 2005; DPI Victoria 2011; Trompf et al. 2011). However, 

the voluntary nature of recruitment for these programs means that only a small 

proportion of farmers take part and the behavioural changes do not extend to the wider 

population (Trompf and Sale 2001b; Logan 2005). As such, it is necessary to achieve a 

greater understanding of the factors affecting adoption across the farming population in 

order to widen extension efforts and improve the adoption of new technologies.  
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Chapter 3 – A review of the agricultural extension literature 

 

3.0 Introduction  

In Chapter 2, the traditional reliance of agricultural extension on top-down knowledge 

transfer practices was discussed and shown to be, for the most part, ineffective. It was 

concluded that a better understanding of the factors influencing adoption and behaviour 

change was necessary in order for wider spread adoption to be achieved. Consequently, 

this chapter will provide a review of the recent literature in agricultural extension and 

adoption. 

 

The early research in agricultural extension and adoption has been reviewed on 

numerous occasions (e.g., Rogers 2003; Pannell et al. 2006) and therefore will not be 

reviewed in detail here. Instead, the following sections will focus on research into 

agricultural extension and adoption that has been undertaken in the last decade, from the 

year 2000 onwards. The review will be further limited to studies from industrialised 

countries, such as Australia, New Zealand, the US, and those countries making up the 

European Union, as the differences in agricultural systems, information gathering and 

marketing between industrialised and emerging economies are so great as to make 

comparisons unhelpful. The focus of the research on conservation and natural resource 

management practices is discussed in section 3.1. The research itself is discussed under 

three general themes: risk and uncertainty (section 3.2), attitudes (3.3) and heterogeneity 

(3.4). The major research papers are listed in Appendix 1. 

 

3.1 Striking the balance  

It is worth noting that much of the recent research focuses on the extension and 

adoption of conservation and natural resource management practices (e.g., Beedell and 
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Rehman 2000; Fuglie and Kascak 2001; Pannell et al. 2006; Knowler and Bradshaw 

2007; Greiner et al. 2009; Bohnet et al. 2011). This focus can be explained by both the 

increased emphasis on sustainability in recent years and the fact that the extension and 

adoption of such practices is complicated by the ‘external’ nature of many of the 

benefits (Maybery et al. 2005; Pannell et al. 2006). That is, many conservation 

practices, such as salinity prevention, require financial inputs and effort by individual 

farmers, but there are no direct financial returns on these types of innovation (Pannell et 

al. 2006). Additionally, benefits often occur only incrementally on the farm itself and 

many benefits occur only in the long-term (Pannell et al. 2006). Thus, it can be more 

difficult to demonstrate the benefits of many conservation practices to farmers than it 

may be to demonstrate the benefits of, for example, a new crop variety. As such, 

farmers need to strike a balance between costs and conservation efforts. In this way, 

similarities can be drawn between the adoption of conversation and natural resource 

management practices and the adoption of strategies to improve lamb survival rates. 

Although improving lamb survival rates directly benefits the farmer in question and, in 

most cases, relatively quickly, a balance must still be struck.  

 

As discussed earlier, lamb mortality is heavily dependent on weather conditions and the 

amount of feed available (Watson and Elder 1961; Alexander 1984; Nowak and 

Poindron 2006). In a good season, the implementation of a lamb survival strategy may 

only have a small pay-off for the farmer, but the benefits of implementation will be 

much larger during a poor season (Martin 2009). Most of the strategies need to be put in 

place before it is clear whether the season will be ‘good’ or ‘bad’. Thus, farmers need to 

find a balance between the costs of the strategy for little benefit in a good year, and the 

risk of doing nothing in a bad year (Martin 2009). Additionally, like conservation 

measures, lamb survival strategies act as a means to an end, where the end-goal is to 
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improve productivity through increased lamb survival rates, and specific strategies are 

simply a means of achieving this. Consequently, research on the adoption of 

conservation and agri-environmental measures may prove useful in studying the 

adoption of strategies to improve lamb survival rates.  

 

3.2 Risk and uncertainty 

Given the risk inherent in the adoption of innovations, it is hardly surprising that risk 

and uncertainty have received a great deal of attention in recent research. It has long 

been acknowledged that perceived risk and uncertainty can affect farmers’ progress 

through the adoption and learning process (Abadi Ghadim et al. 2005), by impacting on 

their ability to evaluate information and make an adoption decision. Despite this, Abadi 

Ghadim et al. (2005) and Marra et al. (2003) both cite a lack of empirical evidence on 

the influence of these factors on adoption. This has been attributed to the difficulty of 

conceptualising and measuring the various aspects of risk (Marra et al. 2003; Abadi 

Ghadim et al. 2005). 

 

High levels of risk, related to highly-variable climatic conditions and unpredictable 

commodity prices, can reduce producers’ confidence and willingness to increase 

investment and change management practices (Simpson et al. 2001). Reducing 

uncertainty through trialling and gaining requisite knowledge and skills can mitigate 

this impediment and lead to increased adoption (Simpson et al. 2001; Abadi Ghadim et 

al. 2005). For example, innovations that can be trialled on a small-scale, or that can be 

split into smaller steps and adopted in a step-wise fashion, are more likely to be adopted 

than non-trialable innovations (Rogers 2003; Pannell et al. 2006).  
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The resources available to individual farmers can also influence adoption, by impacting 

perceptions of, as well as the actual costs and risks involved with running a trial, 

learning about innovations and obtaining requisite skills (Abadi Ghadim et al. 2005). 

For example, in adoption of a new crop variety, greater availability of machinery and 

experienced, skilled labour meant that running a trial did not result in delaying the 

seeding of other crops, reducing the risk to the farmer if the trial was unsuccessful 

(Abadi Ghadim et al. 2005). US cotton producers’ adoption of alternative marketing 

methods, such as futures and forward contracts, increased with farm size (Isengildina 

and Hudson 2001). This was attributed to the ability to spread the cost of learning about 

the alternative methods over a greater level of production, thus reducing the cost of 

learning relative to the expected returns (Isengildina and Hudson 2001). Likewise, 

Nebraskan farmers use of weather forecasts in insurance and marketing decisions 

increased with gross farm sales (p<0.01 in both cases; Artikov et al. 2006). While farm 

size data was not provided, it is likely that those farmers with higher sales also had 

larger farming operations and thus greater capacity to withstand the costs and risks 

associated with learning and behavioural change. Finally, greater resources, high levels 

of diversification and greater exposure to information all contributed to increased 

adoption of conservation practices amongst US farmers, likely due to the increased ease 

and opportunity to learn (Gillespie et al. 2007). 

   

Previous experience with growing chickpeas increased the likelihood of adoption 

because this increased the farmer’s perceived ability to make the trial, or larger-scale 

adoption, work (Abadi Ghadim et al. 2005). Similarly, adoption was more likely if there 

was perceived to be a high-level of covariance between the yields of chickpeas and 

wheat, as this improved the perceived ability to predict trial outcomes and therefore 

reduced perceived risk (Abadi Ghadim et al. 2005). Further, many farmers preferred to 
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wait until others had trialled or adopted the new crop, as this allowed them to learn from 

others’ experiences and avoid some of the short-term losses incurred through running a 

trial (Abadi Ghadim et al. 2005).  

 

Some researchers have focussed on the adoption of strategies which reduce risk, such as 

the use of forward contracts. In many cases, the adoption of these strategies has been 

low (Isengildina and Hudson 2001; Jackson et al. 2007a), which seems counter-

intuitive. This has led researchers to take a closer look at perceptions of risk, with the 

aim of better understanding how farmers view risk and how they seek to reduce risk. 

For example,  considering risk from a whole-farm perspective can help to explain the 

adoption of futures options by wool-growers (Deane and Malcolm 2006). Wool 

production often forms only a small part of Australian farms, with cropping being the 

major determinant of cash flow and expenditure. This means that, not only do farmers 

have in-built risk protection through diversification (Byrne et al. 2010), but that it is 

more sensible to apply risk management strategies to the cropping enterprise, as it 

involves the greatest risk (Deane and Malcolm 2006). Likewise, the likelihood of cotton 

producers adopting forward contracts increased with the proportion of farm income 

derived from cotton (Ada et al. 2006).  

 

Considering the likelihood of risk without taking into account the consequences may 

lead to a flawed view of the adoption decision (Deane and Malcolm 2006). If the costs 

of implementing a risk management strategy are greater than the costs of bearing the 

risk, adoption is unlikely (Deane and Malcolm 2006). For example, the price differential 

between forward contracts and auction sale was not great enough to make the change 

attractive or worthwhile for woolgrowers (Jackson et al. 2008). Forward contracts 

offered slightly lower prices than could be received at auction, therefore the adoption 



48 
 

decision requires that the producer weigh up the benefits of a guaranteed sale at a set 

price against the likelihood of achieving a higher price, without the security (Jackson et 

al. 2008). Given the poor adoption of forward contracts, it can be assumed that the 

appeal of the guaranteed sale was not sufficient to outweigh the higher prices likely to 

be achieved at auction. Without a strong incentive to change, use of current practices 

may be continued out of habit, due to the uncertainty inherent in breaking a habit 

(Jackson et al. 2009).  

 

In summary, perceptions of risk and uncertainty have been shown to influence adoption 

decisions, with high levels of risk inhibiting adoption. Trialling an innovation allows 

farmers to reduce uncertainty, so innovations that can be trialled easily and cheaply are 

likely to be adopted more quickly than innovations that are difficult to trial or that do 

not have easily observable outcomes (Pannell et al. 2006). Similarly, innovations that 

offer a large pay-off are more likely to be adopted than innovations with a lower relative 

advantage (Pannell et al. 2006; Jackson et al. 2009).  Farmers with greater resources 

and previous experience with the innovation or similar technologies are more likely to 

adopt it than smaller-scale farmers, due to reduced uncertainty and a greater ability to 

withstand possible losses (Abadi Ghadim et al. 2005). 

 

3.3 Attitudes 

Social psychology research has influenced agricultural extension researchers 

investigating the effects of attitudes on behaviour, due to the need to understand and 

predict motivations and behaviour (e.g. Carr and Tait 1990; Wilson 1996; Cary and 

Wilkinson 1997; Willock et al. 1999). Attitude is defined as  “the evaluation of an 

object, concept or behaviour along a dimension of favour or disfavour, good or bad, like 

or dislike” (Ajzen and Fishbein 2000, p. 3).  It is a function of an individual’s beliefs 
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about an object or action and the strength of those beliefs, and people are generally 

expected to act in accordance with their attitudes (Willock et al. 1999).  

 

Studies in agriculture have generally found mixed support, in terms of the influence of 

attitudes on behaviour. Farmers’ attitudes towards the use of deep, open drains for 

salinity management were strongly correlated with their use (Kingwell and Cook 2007). 

Specifically, 64 percent of those producers who held positive attitudes towards the 

drains either used or intended to use them in the near future, whereas 85 percent of 

those with negative attitudes did not use, and did not plan to use, deep open drains 

(Kingwell and Cook 2007). However, farmers’ attitudes towards the efficacy and value 

of integrated weed management practices were not related to their use of these practices 

(Llewellyn et al. 2004).  Similarly, there was no relationship between farmers’ attitudes 

towards the impact of ecto-parasites on the welfare and productivity of their sheep and 

their use of treatments, despite the great variation in the perceived severity of impacts 

(Morgan-Davies et al. 2006). This suggests that, while attitudes do seem to play a role 

in the adoption of some innovations, there may be other factors which moderate or 

confound the influence of attitudes on behaviour.  

 

3.3.1 Attitudinal models 

Burton (2004) argues that focusing on attitudes alone and ignoring the role of social 

influence in decision-making can result in serious flaws in our understanding of the 

adoption of new agricultural practices and technologies. Burton (2004) refers to the 

social psychology and marketing disciplines, where researchers have long held that 

social influence is a key determinant of behaviour, in addition to beliefs and attitudes 

(e.g.,  Ajzen and Fishbein 1980; Sheppard et al. 1988; Davis et al. 2002). Models such 

as the Theory of Reasoned Action (TRA; Ajzen and Fishbein 1980) and the Theory of 
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Planned Behaviour (TPB; Ajzen 1991; shown in Figure 3.1) incorporate aspects of 

social influence that have been shown to explain and predict behaviour in many 

contexts, including voting, donating blood and purchasing behaviour (see Sheppard et 

al. 1988 for a review and meta-analysis). There are numerous agricultural papers based 

on the TRA and TPB dating from the 1990s (e.g.,  Perkins et al. 1992; Lynne et al. 

1995; Willock et al. 1999), but research in this area really gathered momentum since 

2000, with the TRA and TPB applied to numerous agricultural contexts, including 

environmental practices, such as the adoption of soil conservation (e.g., Marshall et al. 

2010; Sutherland 2010; Wauters et al. 2010), the adoption of innovations by egg 

farmers (e.g., Keong and Hirst 2010), and the uptake of organic farming (e.g., Lapple 

and Kelley 2010).  

 

The TRA posits that an individual’s attitudes and subjective norms influence their 

intention to perform a behaviour or action (Ajzen and Fishbein 1980). It is proposed that 

behaviour follows naturally from intention, as people tend to act in accordance with 

their intentions (Ajzen and Fishbein 1980). As previously explained, attitude is defined 

as  “the evaluation of an object, concept or behaviour along a dimension of favour or 

disfavour, good or bad, like or dislike” (Ajzen and Fishbein 2000, p. 3). The subjective 

norm is based on how an individual thinks that important referents will react to his/her 

performing the behaviour in question and takes into account how motivated the 

individual is to comply with the perceived expectations of these referents. The TPB 

builds upon the TRA, which Ajzen (1991) acknowledged had limitations when it came 

to predicting behaviours that were not completely under the individual’s volitional 

control. The TPB therefore includes the construct of perceived behavioural control 

(PBC). PBC refers to the individual’s perception of how easy or difficult it would be to 

perform the target behaviour (Ajzen 1991). 
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Figure 3.1. a) The Theory of Reasoned Action; b) The Theory of Planned 

Behaviour 

Note: The dotted line represents the fact that intention can only be translated into 

behaviour if the behaviour is under volitional control. That is, if the individual cannot 

decide to perform the behaviour at will, the intent to perform the behaviour will not lead 

to actual performance. 

  

Studies using these models in an agricultural context appear to be split into two 

categories: those which used the models as frameworks for investigating farmers’ 

attitudes, subjective norms and perceptions of control, and those which used them to 

model decision-making and assess the contribution of each construct to the behavioural 
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intention. In the first category, the models have been used to assess attitudes towards 

diversification and agricultural policy (e.g., Gorton et al. 2008), the use of conservation 

measures by British farmers (e.g., Beedell and Rehman 2000; Sutherland 2010), the 

adoption of zoonotic disease control measures by British dairy farmers (e.g.,  Ellis-

Iverson et al. 2010), entrepreneurial behaviour in Dutch dairy farmers (e.g., Bergevoet 

et al. 2004), and the use of forward contracts by Australian wool producers (e.g., 

Jackson et al. 2007b). The findings of the studies in the first category tend to be specific 

to the focal behaviour, as they focus on eliciting beliefs and measuring attitudes towards 

the behaviour in question, rather than assessing the impact of those attitudes, and other 

constructs, on intentions to perform the behaviour. As such, only those studies in the 

second category are discussed in greater detail. 

 

3.3.2 Theory of Reasoned Action 

In support of the TRA, both attitude and subjective norm were significantly positively 

correlated with dairy farmers’ intentions to adopt recommended observation times for 

heat detection, and intention to use the recommended observation times was a 

significant predictor of actual use (p<0.001; Rehman et al. 2003; Rehman et al. 2007). 

Subjective norm contributed more to intention than attitude in this situation (Rehman et 

al. 2003; Rehman et al. 2007). An expanded version of the study by the same group of 

authors (Garforth et al. 2006), looking at the use of pedometers and milk progesterone 

testing in addition to recommended observation times for heat detection, also showed 

that both attitude and subjective norm were significantly positively correlated with 

intention. However, in this case, the authors stated that, for all three technologies, 

attitude was a more important determinant of intention than subjective norm. The 

discrepancy appears to arise from the attitude measure used in the correlation. Rehman 

et al. (2003; 2007) based their conclusion on the correlation between calculated attitude 
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and intention, in which the attitude measure was calculated by multiplying the strength 

of beliefs about the outcomes of using the recommended observation times by the 

perceived value of those outcomes. The correlation between stated attitude (a measure 

of how good or bad the farmer thought it would be to use the recommended observation 

times) and intention is actually higher than the correlation between subjective norm and 

intention. In contrast, Garforth et al. (2006) relied upon the stated attitude for their 

conclusion, suggesting that the farmers’ decisions appear to be based on a “general 

feeling of whether it would be good or bad for their farms” (stated attitude; p. 166) 

rather than a “detailed analysis of the pros and cons” (calculated attitude; p. 166).  

While beliefs inform attitudes, the stated attitude is the more proximal contributor to 

intention, and forms the basis of most measures of attitude used for these models (e.g., 

Lynne et al. 1995; Perugini and Bagozzi 2001; Bagozzi and Lee 2002). Therefore it 

would appear that the approach used by Garforth et al. (2006) is more fitting. 

Additionally, although Rehman et al. (2003; 2007) carried out a pilot survey and open-

ended interviews to identify salient beliefs for the measurement of calculated attitudes, 

it is possible that some salient beliefs were not identified. The number of farmers 

involved in the pilot study is not specified in either paper, but given that pilot studies are 

usually carried out on a small-scale, it is possible that the composition of the pilot 

sample was small and unlikely to be representative of the larger population. This raises 

the possibility that some salient beliefs of the larger population were not identified, 

which may affect the reliability of the measure of calculated attitude.   

 

In contrast, while subjective norms did significantly influence the adoption of 

environmental practices by winegrowers from New Zealand and the US, attitudes did 

not (Marshall et al. 2010). Although little explanation of this was offered by the authors, 

the attitude scale example provided in the paper (“environmental initiatives lead to cost 
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savings”, p. 409) suggests that the measurement items may have been too general to 

capture attitudes to specific environmental initiatives. General attitudes have been 

shown to explain as little as 10 percent of the variation in behaviour (Wicker 1969), 

which is in line with Marshall et al.’s (2010) results. Stakeholder theory,13 which 

included a measure of pressure to create a competitive advantage for the company, was 

also incorporated in the study (Marshall et al. 2010). There were significant correlations 

between this competitive advantage measure and the adoption of environmental 

practices, and the measure was shown to significantly contribute to the adoption of 

energy-reduction practices. Given the high correlation between competitive advantage 

and attitude (0.41; p < 0.01), and the theoretical overlap (i.e. the competitive advantage 

measure was based on the perception that adopting energy reduction practices would 

create a competitive advantage), it is possible to view competitive advantage as a 

subcomponent of attitude. 

 

3.3.3 Theory of Planned Behaviour 

The TPB incorporates perceived behavioural control (PBC) to account for behaviours 

over which individuals may not have complete control. This construct is described in 

more detail in section 3.3.1. Given the impact of external factors such as weather 

conditions, labour availability and input costs, it might be assumed that PBC would be a 

particularly important factor in farming decisions (Burton 2004). However, the 

empirical evidence is mixed. 

 

Attitudes, subjective norms and PBC were significantly correlated with Nebraskan 

farmers’ use of weather forecast information in farming decisions (Hu et al. 2006). This 

                                                 
13 Stakeholder theory (SHT) is based upon the idea that both internal and external stakeholders exert 

pressure on managers (Freeman, R. E. (1984). Strategic management: A stakeholder approach. Boston, 

Pitman.), 
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research was further developed by Artikov et al. (2006), who found that attitudes 

significantly influenced the use of weather forecasts in agronomic, insurance and 

marketing decisions (p<0.01 in all cases), whereas subjective norms and PBC only 

contributed significantly to agronomic decisions (p<0.01, p<0.05, respectively). That 

PBC did not predict the use of forecasting information in insurance decisions can be 

explained by both the conceptualisation of the construct and the nature of insurance 

itself. PBC was conceptualised to include both perceptions of the ability to understand 

and apply forecasting information properly, and perceptions of the accuracy and 

reliability of the forecasts and the applicability to the area. Thus, PBC should have 

encompassed each farmer’s perception of the likelihood of correctly predicting weather 

events outside their control. The nature of insurance as protection against these 

uncontrollable events can be construed as almost confounding the influence of PBC 

(Artikov et al. 2006).  

 

Attitudes, subjective norms and PBC all exerted a significant, positive influence on Irish 

farmers’ intentions to convert to organic agriculture (Lapple and Kelley 2010). 

Interestingly, these authors split the attitudes construct into distinct economic and 

affective components, and found that the affective beliefs (e.g., positive and negative 

feelings about the outcomes of conversion) had a significant influence on intentions but 

economic beliefs did not. This study also addressed heterogeneity within decision-

making, and is discussed further in section 3.4.  

 

Attitudes and subjective norms contributed significantly to Belgian farmers’ intentions 

to adopt soil conservation measures, such as buffer crops and reduced tillage (Wauters 

et al. 2010). PBC was split into ‘perceived difficulty’ and ‘perceived control’, as 

measures of internal consistency indicated that these components were distinct. While 
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perceived difficulty contributed significantly to intentions, perceived control was not an 

important factor (Wauters et al. 2010). The authors interpreted this to mean that 

adoption was not influenced by perceived inhibiting factors (Wauters et al. 2010). 

However, the mean values for perceived control were relatively high (range = 4.4 – 5.8, 

on a 1 – 7 scale), which suggests that perceived control may not have significantly 

influenced intentions because farmers tended to believe that they could overcome any 

inhibiting factors.  

 

When using the TRA or TPB, it is necessary to ensure that appropriate measurement 

items are used, and that the sample size is sufficient. As previously mentioned, it 

appears that the measurement of general attitudes, rather than attitudes towards specific 

behaviours, resulted in no relationship being observed between attitudes and intentions 

in Marshall et al’s (2010) study. Similarly, while Coleman et al. (2003) found some 

associations between the attitudes of abattoir stockpeople and their use of electric prods 

on pigs, their questions were framed in such a way as to make it doubtful that the 

measure of attitude actually represented attitudes towards the use of prods, rather than 

general attitudes towards pigs. For example, only one of the attitude scales shown in the 

paper mentioned the use of electric prods, the rest focused on the perceived 

characteristics of pigs and perceptions of the importance of keeping pigs moving 

through the lairage system quickly. This emphasis was also reflected in their measure of 

subjective norms. In addition, the sample size was small (n=23), limiting the power of 

their tests, which resulted in few correlations being found between attitudes, subjective 

norms, PBC and observed behaviour. 
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3.3.5 Summary of attitudinal research 

In summary, the research suggests that attitudes, subjective norms and PBC should all 

be taken into account in attempts to study and explain adoption behaviour. However, it 

appears that the relative contributions of each factor to behavioural intentions may vary 

between different innovations. The work on PBC (e.g., Artikov et al. 2006; Wauters et 

al. 2010) suggests that further research into the conceptualisation of, and factors 

underlying, PBC may be warranted. Further, the role of affect, or emotion, in decision-

making, identified by Lapple and Kelly (2010), warrants further attention. 

  

3.4 Heterogeneity 

Agricultural extension researchers have tended to assume that all farmers aim to 

maximise profit and act accordingly (Shucksmith and Herrmann 2002; Vandersmersch 

and Mathijs 2002), and that innovations are equally suited to all members of a farming 

population (Röling 1988). Even when it has been acknowledged that farmers may have 

different goals, priorities and ways of acting, and that social and cultural factors may 

influence decision-making, these factors tend to have been relegated to ‘added extras’ in 

an economic view of decision-making (Burton 2004). Yet, it has become increasingly 

clear that there is considerable heterogeneity within the farming community.  

 

Most research has attributed the differences to demographic factors, such as age and 

level of education (Vandersmersch and Mathijs 2002; Vanclay 2004). These factors 

certainly do seem to play a role in affecting behaviour. For example, farmers who lived 

closer to saleyards and abattoirs were less likely to change to electronic marketplaces 

than producers who lived further away, due to the social opportunity offered by sale 

days (Driedonks et al. 2005). Younger dairy farmers viewed suitability for use by 

untrained staff as a barrier to the adoption of recommended observation times for heat 
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detection, whereas older farmers did not (Rehman et al. 2007). However, not all 

variation can be accounted for by basic demographics (Vandersmersch and Mathijs 

2002) and, as such, it is necessary to consider the different ways in which farmers may 

make decisions. 

 

The concept of farming styles underlies one branch of research in this area, based on the 

notion that there are distinct ways in which farmers go about managing their farms, 

influenced by both structural and socio-cultural factors (Vanclay et al. 2006). These 

studies have shown that different styles do exist but that they largely serve as a heuristic 

for researchers, as the identified styles tend to differ between studies and are difficult to 

definitively assign to individual farmers (Vanclay et al. 2006). For example, Bohnet et 

al. (2011) identified three types of farmers amongst Queensland graziers: traditionalists, 

diversifiers and innovators. Mesiti and Vanclay (2006) identified 14 different styles 

amongst Australian grape-growers, including ‘astute business growers’, ‘low-input 

sustainable agriculture growers’ and ‘conventional growers’. Howden and Vanclay 

(2000) identified 27 styles within Australian broad-acre croppers, including 

‘innovative’, ‘traditional’, ‘middle of the road’ and ‘limited’. Thomson (2002) identified 

ten different styles of farmers and showed that these styles seem to be linked to 

behaviour, such as participation in conservation activities. However, he did not label the 

styles, or even provide clear descriptions, arguing that it is unhelpful to label styles as 

these labels often carry negative connotations for farmers. This is in line with Howden 

and Vanclay’s (2000) discovery that many farmers tended to ‘read between the lines’ of 

style descriptions and assign normative judgements, resulting in social desirability bias. 

They concluded that, for farmers, farming styles tend to act as ‘parables’ or guidelines 

for how to (or indeed, how not to) farm (Howden and Vanclay 2000). Of further support 

for Thomson’s argument are the substantial difficulties  encountered by Mesiti and 
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Vanclay (2006) in obtaining farming style distinctions and descriptions from farmers 

that were supported by quantitative data. Their 14 styles were defined by the 

researchers, not farmers. Indeed, the farmers involved in the study identified only six 

styles with accompanying descriptions, none of which were validated by the subsequent 

quantitative research (Mesiti and Vanclay 2006). Consequently, it can be concluded that 

while the acknowledgement of the existence of different styles of farming may be useful 

as a tool to recognise diversity, if viewed as heuristics or ideal types, it is unlikely to 

lead to a greater understanding of the diversity within the farming community (Vanclay 

et al. 2006). As such, farming styles are unlikely to provide researchers with sufficient 

information to predict farmer behaviour.  

 

A related branch of research considers the different goals and values that farmers may 

hold. Although it has been assumed that all farmers are motivated purely by profit, only 

34 percent of Belgian dairy farmers reported profit maximisation to their primary 

objective (Vandersmersch and Mathijs 2002). Farmers’ goals can be classified as 

‘economic’, ‘conservation’ or ‘lifestyle’ and they tend to adopt practices that align with 

these goals (Maybery et al. 2005; Greiner et al. 2009). Interestingly, those producers 

primarily motivated by economic factors tended to be more concerned about the 

negative impacts of risks on their farming enterprise, suggesting that they may be more 

risk-averse than other farmers (Greiner et al. 2009).  

 

Other researchers have studied differences in attitudes between different groups of 

farmers. For example, there were significant differences in the attitudes of winegrowers 

in the US and New Zealand, toward the adoption of environmental practices, although 

these differences were not discussed in detail and no indication of the source or 

direction of the differences was provided (Marshall et al. 2010). However, they noted 
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that NZ winegrowers tended to perceive greater pressure from customers than American 

growers (Marshall et al. 2010). Differences were also found in the attitudes, subjective 

norms, PBC and intentions of farmers of different nationalities within the European 

Union, where five clusters were identified, although there was some degree of overlap 

attributed to demographic and farm variables (Gorton et al. 2008). For example, 

Swedish farmers were more likely to be indifferent towards policy support and 

subsidies than other farmers, whereas Slovakian farmers were more likely to hold 

positive attitudes towards the Common Agricultural Policy (Gorton et al. 2008).   

 

Farmers’ information networks may also influence their decision-making, as recognised 

by Ryan and Gross (1943). For example, farmers who were members of Farming and 

Wildlife Advisory Groups (FWAG) tended to have more positive attitudes towards 

conservation practices than other farmers, and perceived greater social pressure to 

implement conservation measures from wildlife organisations and councils than other 

farmers (Beedell and Rehman 2000). Similarly, farmers who participated in the 

National Landcare Program were more likely to adopt sustainable farming practices 

than non-participants (Alexander et al. 2000; Lockie and Rockloff 2004). However, 

while members of Landcare groups were more likely to implement environmental 

practices, such as controlled traffic farming, membership had no effect on the adoption 

of other practices, such as reduced tillage (Lockie et al. 2002). This suggests that while 

information networks do seem to influence behaviour, the influence is not uniform 

across different practices. Thus, there may be additional factors influencing decision-

making that need to be considered.  

 

There is also evidence that different groups of farmers may weight various factors 

differently when making decisions. For example, two distinct groups of Irish farmers 
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were identified using latent class analysis, based on their decision-making (2010). The 

first group consisted of farmers who were moderately concerned about the environment 

(69 percent of the sample), and the second of farmers with strong concerns about 

environmental matters (31 percent). The moderately concerned farmers were strongly 

influenced by the affective component of attitude, subjective norms and PBC, whereas 

the strongly concerned farmers were influenced by both the economic and affective 

components of attitude, and subjective norms (Lapple and Kelley 2010). Further, 

Australian farmers who used forward contracts for selling wool at least some of the time 

tended to reject social pressures when making decisions, as they did not view farming as 

a competition and preferred to get a price that covered their costs of production and 

allowed them to feel comfortable financially, rather than aiming to get a better price 

than a neighbour (Jackson et al. 2008). In contrast, the farmers who rejected forward 

contracts and preferred to continue with the auction system tended to take social 

pressures and subjective norms into account (Jackson et al. 2008). Similarly, there were 

two distinct groups of Dutch pig farmers, based on the factors influencing their use of 

futures contracts (Pennings and Leuthold 2000). In this study, risk attitudes and 

perceived risk exposure contributed significantly to the decisions of 27 percent of the 

farmers, labelled as driven by factors related to ‘financial structure’, whereas the 

remaining 73 percent of farmers were not influenced by risk attitudes and perceived risk 

exposure, but were driven by ‘marketing factors’, such as market orientation and the 

ability to express entrepreneurial freedom.  

 

In summary, there is considerable heterogeneity amongst farmers and this appears to 

influence their adoption decisions. Demographic factors, goals, farming styles and 

information networks have all been shown to exert some degree of influence on 

adoption. Additionally, it appears that some farmers apply varying levels of importance 
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to factors such as attitudes, social pressures and risk, although the causes of this are, at 

this point, unclear and warrant further research. 

 

3.5 The proposed approach 

There are numerous branches of research in agricultural extension and adoption, as 

outlined in the previous section of this chapter. However, there are many links between 

the different approaches and findings. It is these links that form the basis for the 

proposed approach of the present study. In this section, the links between the various 

branches of previous work will be examined, and the use of an extended version of the 

TPB, the Model of Goal-directed Behaviour (MGB; Perugini and Bagozzi 2001) will be 

proposed. Finally, the hypotheses for the current study will be presented. 

 

3.5.1 Risk, uncertainty and PBC 

Risk and uncertainty have been shown to affect rates of adoption, with adoption 

increasing as uncertainty is reduced (Simpson et al. 2001; Abadi Ghadim et al. 2005; 

Gillespie et al. 2007). Similarly, through the application of the TPB, PBC has also been 

shown to influence adoption decisions, with greater perceptions of control linked to 

higher levels of adoption (Artikov et al. 2006; Hu et al. 2006; Lapple and Kelley 2010). 

Although at first glance, these appear to be separate areas of research, it can be argued 

that there is substantial overlap between the concepts of uncertainty and PBC. That is, 

uncertainty is likely to be reduced as the farmer increases his/her knowledge and skills 

relevant to the innovation, often through trialling (Abadi Ghadim et al. 2005). PBC, as 

conceptualised by Ajzen (1991), takes into account both the farmer’s perceptions of 

control over external factors and his/her perceptions of his/her own ability to implement 

the innovation, (i.e., whether or not he/she feels he/she possesses the required 

knowledge and skills). In this way, PBC is also closely related to Bandura’s perceived 
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self-efficacy construct, which is defined as the ‘judgements of how well one can execute 

courses of action required to deal with prospective situations’ (Bandura 1982). Thus, as 

the farmer gains relevant knowledge and skills, which reduce uncertainty, PBC could be 

expected to increase. Similarly, the perception of control over external factors is linked 

to the concept of risk, with situations of high risk likely to be accompanied by low 

perceptions of control. 

 

The differentiation between the perceived difficulty and perceived control aspects of 

PBC was highlighted by Wauters et al. (2010) and Conte et al. (2010). Specifically, 

perceived difficulty influenced farmers’ adoption of conservation measures, but 

perceived control did not, possibly because perceptions of control were consistently 

high (Wauters et al. 2010). Based on this, it seems worthwhile to investigate both 

perceived difficulty (self-efficacy) and perceived control and their effects on the 

adoption of lamb survival strategies. Given that lamb mortality is heavily influenced by 

external factors, such as weather conditions (Nowak and Poindron 2006), and that more 

profitable cropping enterprises are often a higher priority than sheep production (Deane 

and Malcolm 2006), it is expected that perceived control will play a significant role in 

influencing behaviour. The same factors, in combination with the wide array of 

available strategies, may also contribute to farmers’ believing that they do not possess, 

or cannot gain, the required knowledge and skills. Thus, perceived difficulty may also 

play an important role in farmers’ decision-making. Given the mixed results in the 

literature, it appears that further investigation of the factors underlying the PBC 

subcomponents is warranted. 
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3.5.2 Goals 

Research highlighting the impact of different farmer goals on adoption, suggests that 

farmers’ goals should be taken into account in adoption research. Indeed, Ticehurst et 

al. (2011) argues that a major flaw of the TPB lies in the fact that it does not take goals 

into account. Farmers’ goals tend to fall into three main categories – economic, social 

and conservation (Maybery et al. 2005; Greiner et al. 2009). For instance, conservation-

type goals may be motivated by a stewardship ethic, in which farmers feel a 

responsibility to look after their land and the surrounding environment, and this ethic 

may also extend to their livestock (Colman 1994). Farmers may place different values 

on increased lamb survival rates, depending on whether they are primarily motivated by 

economic, social or conservation type goals. Increased lamb survival rates could 

provide benefits applicable to all three goal-types, including increased profits for those 

motivated by economics, reduced consumer pressure for those motivated by social 

factors, and improved animal welfare for those motivated by conservation or 

stewardship-type goals. However, these benefits may vary in terms of perceived value 

or utility, depending on motivation. Thus, an investigation of the beliefs about lamb 

survival and the perceived benefits of improving survival rates is required. 

 

3.5.3 Heterogeneity 

It is clear from previous research that there is substantial heterogeneity within the 

farming community and that this heterogeneity results in differences in adoption rates 

and decisions (Vandersmersch and Mathijs 2002; Burton 2004). Demographic factors, 

social influences, goals and farming styles have all been shown to influence behaviour 

(e.g.,  Lockie et al. 2002; Driedonks et al. 2005; Vanclay et al. 2006; Gorton et al. 

2008; Greiner et al. 2009).  It has also been demonstrated that different factors have 

varying degrees of influence across different groups of farmers (Jackson et al. 2008; 
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Lapple and Kelley 2010). However, it is not clear how this heterogeneity in decision-

making comes about, and whether the demonstrated distinctions are transferable across 

populations and innovations. Thus, while it is expected that there will be heterogeneity 

in decision-making with regards to lamb survival strategies, it is necessary to determine 

how this heterogeneity may be manifested and what factors are responsible.  

 

3.5.4 The Model of Goal-directed Behaviour 

The demonstrated support for the TRA and TPB, and the overlap of these robust 

attitudinal models with other extension research, suggests that these models may 

provide appropriate theoretical frameworks to investigate the adoption of lamb survival 

strategies. However, it is proposed that the use of an extended model, the MGB 

(Perugini and Bagozzi 2001), may further advance understanding of the factors 

influencing the adoption of lamb survival rates.  

 

The MGB was specifically developed for behaviours that are carried out because of 

their relationships to a goal, with the goal being the desired end-state (Perugini and 

Bagozzi 2001). For this reason, it seems particularly applicable to the adoption of 

strategies to improve lamb survival. These strategies can be viewed as a means of 

achieving increased lamb survival rates. In this situation the motivating factor, the 

desired end-state, is the reduction of lamb mortality, not the performance of the strategy 

itself. In comparison, in the TPB it is the action itself that is the desired end-state 

(Perugini and Bagozzi 2001). When applied to the prediction of dieting, exercising and 

studying, which are other goal-directed behaviours, the MGB explained 88%, 34% and 

56% more variance than the TPB, respectively (Perugini and Bagozzi 2001). Thus, it is 

expected that the MGB is likely to advance understanding of the adoption of lamb 
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survival strategies, beyond the explanatory power of the TPB. The MGB is shown in 

Figure 3.2. 

 

Figure 3.2. The Model of Goal-directed Behaviour 

 

The MGB includes the constructs of positive and negative anticipated emotions, the 

anticipated nature of which further emphasises the focus on the goal as the end-state. 

Anticipated emotions refer to the individual’s imagined affective response to goal 

achievement or goal failure (Perugini and Bagozzi 2001). These constructs are based on 

how the individual expects to feel upon the completion and outcome of the behaviour, 

not on the action itself. Although attitude is often conceptualised to include affect 

(similar to emotions),  Perugini and Bagozzi (2001) argue that, because anticipated 

emotions focus on the outcome rather than the behaviour itself, they are distinct from 

attitudes, which focus on the behaviour. 
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In agricultural research, the affective and economic subcomponents of their measure of 

Irish farmers’ attitudes towards converting to organic farming were found to be separate 

and distinct (Lapple and Kelley 2010), providing some support for the inclusion of a 

distinct measure of emotion in the present study. In this case, the conceptualisation of 

affect (as positive and negative feelings about the outcomes of conversion) was very 

similar to that of anticipated emotions. In both cases, the measures focus on the 

outcomes of the behaviour, rather than the behaviour itself, whereas the affective 

component of attitude tends to focus on the feelings induced by the behaviour itself 

(Ajzen 2001). Indeed, the prediction of intentions to participate in leisure behaviour was 

not improved by including measures of both evaluative and affective attitudes (Ajzen 

and Driver, cited in Ajzen 1991), leading Ajzen and Fishbein (2000) to conclude that 

while an individual’s emotional state and mood may influence their attitude, attitude is 

primarily a function of their evaluation of the characteristics of an object and the 

strength of the association between the object and the attribute. Based on this, it appears 

that the influence of affect reported by Lapple and Kelley (2010) may actually be the 

effect of anticipated emotions, further justifying the use of the MGB.  

 

3.5.5 Research questions and hypotheses 

The review of the agricultural extension and adoption literature has identified several 

gaps in knowledge, including the role of emotions in decision-making, the nature of 

heterogeneity and the factors underlying perceptions of control. In an attempt to fill a 

small part of this gap, the present study will address the following aims, building upon 

the two general questions presented in the introduction:  

a) assess the current and future use of strategies designed to improve lamb 

survival rates; 
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b) investigate whether the Model of Goal-directed Behaviour (MGB) adds 

significantly to the understanding of farmers’ intentions to adopt strategies to 

improve lamb survival over the more commonly used, parsimonious Theory 

of Reasoned Action (TRA) and Theory of Planned Behaviour (TPB) models; 

c) determine whether the farming population is homogenous in terms of the 

factors which influence decision-making, or whether different groups exist 

within the population; 

d) if different groups exist within the overall population, investigate methods of 

distinguishing between groups to aid with the development of specific 

extension strategies to target each group; 

e) investigate the importance of perceived external constraints, such as weather 

conditions and economic factors, in influencing farmers’ intentions to adopt 

strategies to improve lamb survival; and 

f) identify the belief structure behind each construct to identify which beliefs 

have the greatest influence on intentions. 

Further, it is expected that: 

a) the MGB will add significantly to our understanding of farmers’ intentions 

to adopt strategies to improve lamb survival, relative to the TRA and TPB; 

b) perceived behavioural control (PBC), as depicted in the TPB, will add 

significantly to our understanding of farmers’ intentions to adopt strategies 

to improve lamb survival; 

c) self-efficacy, as conceptualised by Bandura (1982) and distinct from PBC, 

will add significantly to our understanding of farmers’ intentions to adopt 

strategies to improve lamb survival; and 

d) the sample population will be heterogeneous with regards to the factors 

influencing decision-making.  
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Chapter 4 – Qualitative study 

 

4.0 Introduction 

This chapter describes and explains the approach taken to investigate the beliefs and 

attitudes of Australian sheep producers towards lamb mortality and strategies designed 

to improve lamb survival rates, and presents preliminary findings. It details the first, 

qualitative, phase of a two-phase mixed method study designed to address the following 

research questions: 

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

Section 4.1 contains a justification of the research approach. Section 4.2 provides a 

description of the data collection and analysis procedures. Section 4.3 presents and 

discusses the findings of the study. Finally, section 4.4 contains a discussion of the 

results in the context of the thesis.  

 

A version of this chapter was published as Elliott et al. (2011), “Producers have a 

positive attitude toward improving lamb survival rates but may be influenced by 

enterprise factors and perceptions of control." Livestock Science 140(1-3): 103-110. 

This paper is included as Appendix 2. 

 

4.1 Justification of the research approach 

As prior research has not examined producers’ beliefs and attitudes towards lamb 

mortality and lamb survival strategies, focus groups were seen as an appropriate 

exploratory research approach.  Focus groups have been widely used in behavioural 

research to elicit the salient beliefs about objects and behaviours (Sutton et al. 2003; 
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Patch et al. 2005; Morgan-Davies et al. 2006) and are recommended by Ajzen and 

Fishbein (1980) as an appropriate method of collecting data on salient beliefs about 

behaviours of interest.  Focus groups are particularly useful for the collection of 

sensitive data, such as beliefs about lamb mortality, because the synergy between 

participants often results in the offering of information which participants would 

otherwise keep to themselves (Hartman 2004).  

 

Additionally, the use of focus group data in formulating survey questions ensures that 

the questions use the same wording that the respondents use. This reduces the risk that 

respondents will misunderstand the questions or interpret them differently to the way 

they were intended (Morgan and Spanish 1984). The use of focus group data also 

reduces the risk of specification errors, by ensuring that the thoughts and opinions of the 

target population are actually included in the set of questions (Morgan 1997). For 

example, Davis et al. (2002) successfully used focus group data to formulate survey 

questions regarding the factors influencing the decision of African-American students to 

finish high-school. Lee and Green (1991) used focus groups to develop the beliefs 

behind the TRA model for people from different countries (see Figure 3.1 in section 

3.3.1). 

 

As discussed in Chapter 1, the purpose of conducting the qualitative phase of the 

research was to: 

a) provide a list of strategies for improving lamb survival that producers either 

used themselves or did not use but were aware of; 

b) provide a list of perceived external constraints to both lamb survival and the 

adoption of strategies to improve lamb survival; 

c) provide a list of salient beliefs behind each construct in the model; and 
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d) ensure that the language used in the survey was appropriate for the context 

and minimised the risk of misinterpretation by the respondents. 

  

The Theory of Planned Behaviour (TPB; Ajzen 1991; Figure 4.1) and the Model of 

Goal-directed Behaviour (MGB; Perugini and Bagozzi 2001; Figure 4.2) were used as 

the theoretical frameworks for the focus groups. The TPB was the primary framework, 

based on its previous successful use in an agricultural context (Bergevoet et al. 2004; 

Artikov et al. 2006). However, the additional constructs in the MGB, including 

anticipated emotions and frequency of past behaviour, were also considered in the 

analysis. Further, perceived behavioural control (PBC), included in both models, and 

possible heterogeneity in decision-making were investigated, based on the hypotheses 

presented in Chapter 3. 

 

 

 

 

Figure 4.1. The Theory of Planned Behaviour (Ajzen 1991) 
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Figure 4.2. The Model of Goal-directed Behaviour (Perugini and Bagozzi 2001)  

 

4.2 Data collection and analysis 

Four focus group interviews were undertaken with the aims of:  

a) identifying a set of specific behaviours used by producers to improve lamb 

survival rates;  

b) exploring the beliefs behind attitudes to these behaviours; and  

c) investigating the influence of external constraints to adoption, such as 

resource and labour availability.  

For the first two groups, participants were recruited through convenience and snowball 

sampling techniques. Contact was initially made through the researchers’ existing 

connections in the sheep industry and the School of Animal Biology at UWA. If the 

approached producers expressed interest in the research, they were then contacted by 

Attitudes

Positive anticipated 
emotions 

Subjective 
norm 

Desires 

Perceived 
behavioural control 

Intentions 

Frequency of 
past behaviour 

Behaviour 

Recent past 
behaviour 

Negative anticipated 
emotions 

Social identity 

Self-categorisation 
Affective 

commitment 

Group-based 
self esteem 

 



73 
 

telephone by the primary researcher, as per the requirements of the UWA ethics 

committee.  

 

Participants for the remaining two focus groups were recruited through an industry 

representative association (i.e., the Superfine Wool Breeders Association of Western 

Australia) and invited to take part in the group interviews at the annual general meeting 

of the organisation. Woolgrowers have traditionally had lower lamb survival rates than 

other farmers (Safari et al. 2005), so the recruitment purposively targeted this group. 

These producers tend to have primarily focused on improving wool yield and quality 

traits and there is evidence that there are negative correlations between wool yield and 

reproductive traits, such as mothering ability and lamb survival (Safari et al. 2005). 

Additionally, wool had a greater economic value for these producers than lamb meat. 

Consequently, wool producers tend to have been a difficult group to reach in terms of 

the extension of strategies to improve lamb survival rates (Barnett and Sneddon 2006). 

However, in recent years there has been a decline in wool prices and an increase in lamb 

prices and it is now in the economic interests of wool producers to improve lamb 

survival rates (Banks 2002). Thus, this group of producers were particularly appropriate 

to involve in the qualitative phase. 

 

All participants were provided with a copy of the information and consent form 

approved by the UWA ethics committee (Appendix 3) prior to the focus group. The 

discussions were moderated by a trained, independent facilitator. 

 

Each focus group included between 5 and 11 producers. The recommended size for 

focus groups is between 6 and 10 participants (Morgan 1997). While we aimed for this 
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range of group sizes, it was not always possible due to last-minute cancellations and 

additions to the groups.  

 

Four focus groups were deemed sufficient for this study, as data saturation was reached 

with no new issues being raised and previously-raised issues being repeated. Prior 

research supports this view, as few focus group applications require more than three or 

four focus group interviews to obtain sufficient information (e.g., Stewart and 

Shamdasani 1990) 

 

The focus group discussions were informed by an interview guide (see Appendix 4) 

developed using Stewart and Shamdasani’s (1990) guidelines. Discussions focussed on 

producers’ use of various strategies designed to improve lamb survival, their reasons for 

choosing strategies and their experiences with these strategies. Producers were also 

asked to talk about strategies of which they were aware but had not, or would not, 

consider using themselves. This allowed for the collection of a wide-ranging list of 

strategies designed to improve lamb survival and the minimisation of sample bias.  The 

role of perceptions of control over external factors, such as weather conditions and 

labour availability, in decision-making was also investigated, as previously highlighted.   

 

Audio recordings of the discussions were transcribed and coded using NVivo 8 (QSR 

International Pty Ltd, 8th Edition, 2008). First, the data were coded according to the 

constructs in the TPB (attitudes, subjective norms, perceived behavioural control, 

intentions), while attention was also paid to the additional constructs in the MGB. 

Second, the data were coded for emergent themes. The coding schema is shown in 

Appendix 5.  
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4.2.1 Focus group sample description 

The focus group participants were from a range of areas across Western Australia. 

Eleven were from the Great Southern region, nine from the Wheatbelt and five from the 

South-West region.  Of the remaining four participants, two were from the Peel region, 

one from Goldfields-Esperance and one from Perth (see Figure 4.3 for regional 

boundaries).  Twenty-one participants were male and eight were female.  A total of 25 

farm businesses were represented, with a median size of 3832.63 acres. Thirteen of the 

properties were described as mixed livestock-cropping enterprises.  Fourteen properties 

were identified as having a superfine wool production focus and three as prime lamb 

producers, although these categories were not mutually exclusive.  The majority of 

participants reared Merino sheep, although some properties also carried meat breeds 

including South African Meat Merinos (SAMMs), Dorsets and Dohnes.  

 

The four focus groups represented different segments of the farming population. One 

group included undergraduate students who were studying Agriculture or Animal 

Science at UWA and who were mostly from mixed farming backgrounds. A second 

group consisted of wool-focused stud-breeders. The remaining two groups consisted of 

superfine wool-producers. Involving producers from different segments of the farming 

population allowed for the collection of a wide range of beliefs and attitudes, and a 

preliminary investigation of possible sources of heterogeneity in decision-making. 
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Figure 4.3 The agricultural regions of Western Australia (Australian Business Sales 

2010). 

 

4.3 Findings  

In the following sections, the focus group findings will be presented and discussed in 

relation to the literature. Findings related to lamb survival rates on the participating 

producers’ farms will be presented in section 4.3.1. The producers’ beliefs and attitudes 

regarding lamb mortality and the factors contributing to lamb mortality will be 

discussed in section 4.3.2. Attitudes towards specific strategies to improve lamb 

survival and a list of said strategies will be presented in section 4.3.3. Beliefs relating to 

subjective and social norms will be discussed in section 4.3.4 and beliefs relating to 

PBC and external constraints will be described in section 4.3.5. Section 4.3.6 will 
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discuss possible heterogeneity between producers. Finally, findings will be summarised 

in section 4.3.7. 

 

4.3.1 Lamb survival rates  

The average lamb survival rates of the participating producers ranged between 60 and 

105 percent,14 with the majority being between 70 and 90 percent. The lamb survival 

rates of the stud breeder group tended to be slightly higher than those of the other 

groups. Their mean estimated survival rate was 89 percent, compared with 76 percent 

for the student group and 75 percent for the superfine wool producer group. These 

figures are, however, based on verbal estimates from the producers and contained large 

amounts of variation. 

 

The lamb survival rates reported by the participating producers appear to correspond 

with industry averages. Barnett and Sneddon reported an average marking rate15 on 

Australian farms of approximately 77 percent. It should be noted here that lamb survival 

rates do not directly correspond with lamb mortality rates, as the incidence of multiple 

births means that potential marking rates could be well above 100 percent. For example, 

the average marking rate on New Zealand farms has been reported as approximately 

130 percent (Bray 2005).  

 

4.3.2 Beliefs and attitudes relating to lamb mortality and lamb survival 

The findings indicated that the producers felt that improving lamb survival was 

important for productivity and profitability, and that current lamb mortality rates could 
                                                 
14 This is based on estimates of the number of surviving lambs per 100 ewes mated, thus taking multiple 

births into account. 
15 Marking rate reflects the number of lambs marked per 100 ewes mated and is a commonly used 

indicator of lamb survival. As many producers record lamb numbers at marking, it is probable that the 

estimates of lamb survival given by the participating producers were based on marking rates. 
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be problematic for the sheep industry. All of the producers interviewed expressed the 

belief that they could increase their productivity by improving their lamb survival rates 

and were willing to investigate potential solutions.   

Basically lambs on the ground is our income so we are doing everything 

we possibly can to increase our percentages. If they could come up with 

something different we would be all for trying it but it has to be 

practical. 

As such, producers generally appeared to have a positive attitude to towards changing 

their behaviour, where it was seen as necessary. That is, they tended not to support 

change for its own sake, but saw change as necessary for improving lamb survival rates 

and, in some cases, the farming system in general. This supports the framing of 

strategies to improve lamb survival rates as goal-directed behaviours. It also highlights 

the role of profit in motivating behavioural change. Cary and Wilkinson (1997) found 

that perceived profitability was a key driver of the adoption of conservation practices by 

Australian farmers, and it seems likely that perceived profitability will play a similar 

role in the adoption of lamb survival strategies. 

 

There was, however, variation in the extent to which producers viewed lamb mortality 

as important. For example, the student group seemed to be less interested in improving 

lamb survival rates on their families’ properties than the other groups. While they did 

recognise that improving lamb survival rates could lead to increase productivity and 

profitability, in their opinions “sheep [took] a step back from everything else on the 

farm really, so [they were] not really a priority.” This corresponds with Deane and 

Malcolm’s (2006) assertion that, where sheep production is not the main farming 

enterprise, producers are better served by focussing their efforts on managing risk 

within the primary enterprise. Most of the students were from mixed-enterprise farms in 
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which cropping provided the most income. As such, it seems unsurprising that 

improving lamb survival rates was not of the highest priority.  

 

Several producers expressed the belief that the lamb mortality issue needed to be 

addressed by the industry as a whole. The current debate on mulesing was used as an 

example of how the industry could be harmed by negative public perceptions. In 

particular, recent actions by industry representative and research bodies such as AWI 

and MLA were referred to as evidence that the industry needs to act before lamb 

mortality becomes a public issue. 

“[AWI] have certainly noticed the amount of lamb losses and they are worried 

about it. It’s going to become an issue. If it became widely known that we lose 

17% on average every year and up to 25% in a bad year …”  

The opinions of ‘women in the city’ were of particular concern, with one producer 

stating that ‘[if] they get upset about lambs dying, we’re in trouble.” The mulesing 

debate was raised in all of the discussions and was discussed at length. This 

demonstrates that the damage inflicted upon the industry by poor consumer perceptions 

is a concern for producers and suggests that the possibility of lamb mortality becoming 

the next big issue is also a salient concern in producers’ minds.  

 

4.3.2.1 Beliefs about causes of lamb mortality 

Producers cited weather conditions and nutrition as being the most important factors in 

terms of lamb mortality. They also emphasised the link between these two factors, that 

“90 percent of the time weather causes the nutrition [problems].” Weather was seen to 

impact on lamb survival rates in two ways: the effect on nutrition and the effect of cold 

windy conditions.  
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Producers viewed both under- and over-nutrition as a problem. Most of the discussions 

centred on under-nutrition, particularly in poor seasons and with twin lambs. However, 

two producers also described instances when they “had too much food … our lambs 

were growing too quick and we had so many that got stuck.” The beliefs of the 

producers reflect that consensus of  researchers that starvation, dystocia and exposure, 

all related to weather conditions and nutrition, are the major causes of lamb mortality 

(e.g., Dennis and Nairn 1970; Alexander 1984; Nowak and Poindron 2006). 

 

The problems with weather conditions and nutrition were seen to be intensified when 

twin births occurred. 

There was a huge amount of multiple births and not necessarily being aware of 

that or conscious of that I didn’t have the nutrition that I needed and so there 

were a lot of losses. 

There was general agreement that “one good lamb on the ground is going to get a lot 

further than two small ones” and most producers, while they did not avoid twinning, 

preferred single births. This is consistent with the literature, which shows that mortality 

rates are higher in twin lambs than single births (e.g., Watson and Elder 1961; 

Alexander 1984; McNeill et al. 1988).   

 

The final factor producers saw as contributing to lamb mortality was the presence of 

predators such as eagles, crows and foxes. This problem was thought to have become 

worse in recent years because “more and more people are cropping so the foxes can't 

find a feed there so they come in here and eat the lambs” and because reduced 

government funding had resulted in a decrease in coordinated fox baiting. The fact 

that producers believe predators to be a major cause of lamb mortality is noted in the 

literature but is not validated by research results (Alexander et al. 1967; Dennis 1969; 
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Dennis and Nairn 1970; Dennis 1974a; Alexander 1984). Alexander (1984) argued 

that predation appears to be used as a scapegoat by producers, although predation is 

rarely a primary cause of mortality. Indeed, while high levels of post-mortem 

mutilation have been recorded, Dennis and Nairn (1970) and Dennis (1969) found 

that a maximum of three percent of deaths could be attributed to lethal predation. 

 

4.3.3 Beliefs and attitudes relating to strategies to improve lamb survival rates  

Producers mentioned and discussed a number of specific practices designed to improve 

lamb survival rates during the focus groups. These practices could be arbitrarily 

separated into four main approaches to improving lamb survival: genetics, feed and 

nutrition, control of predators, and flock management. A list of specific practices and 

strategies is shown at the end of this section, in Table 4.1. 

 

The participants expressed a range of attitudes towards individual lamb survival 

strategies. The strategies viewed as being most effective in improving lamb survival 

rates were those which addressed weather conditions and nutrition. This is hardly 

surprising, given the producers’ emphasis on weather conditions and nutrition as the 

main factors influencing lamb mortality. If producers feel that weather conditions are 

responsible for lamb survival, it is reasonable to expect that they will therefore try to 

negate the influence of weather conditions as much as possible and reduce their 

vulnerability to unfavourable conditions. For example, the impact of poor weather 

conditions was seen as depending very much on the timing of lambing and shearing.  

It is very weather conditional with May/June lambing.  If you have a good run 

with warm weather – rain doesn’t matter so much but if you have those thunder 

storms coming through that could be dramatic and could ruin your percentage.  

It doesn’t matter what condition the sheep are in. 
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By adjusting the time of lambing to suit their enterprise and location, producers 

considered themselves able to reduce, at least to some degree, the impacts of weather 

conditions. However, it was also highlighted that choosing the ideal time of lambing is 

a complex decision. 

There’s no ideal time of lambing … we pick a timing that gives us our highest 

survivability expectations and highest growth rate and try to match the feed so 

the ewes keep [condition]. The trade-off is that, you know, you’re compromising 

in other areas. 

 

The provision of shelter for lambing ewes was discussed as a method of improving 

lamb survival rates. One producer reported that, although most of the paddocks he used 

for lambing contained some bushland as shelter, there were three or four paddocks 

without shelter that “were a real trap.” To rectify this, he had planted olive trees along a 

fence line and believed that this had been beneficial.  

 

Producers also discussed the importance of encouraging ewes to use the shelter in poor 

weather. Shearing ewes just before lambing was considered effective.  

We like to shear pre-lambing so that the ewes are in shorter wool.  I think that 

has a big impact when bad weather comes in, that a full wool sheep will stay out 

in the open grazing away, whereas a short wool sheep will tend to seek shelter 

and take the lamb with it. 

However, choosing the time of shearing can be a complex decision. One producer 

reported that, although he achieved much better lambing percentages when ewes were 

shorn just before lambing, he had encountered problems with tight time constraints, in 
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particular, making sure that the shearing team was on time. Effects on wool yield, staple 

strength and price were also reported to influence decisions on the timing of shearing. 

We were 10 percent better off with lamb survivability doing autumn shearing.  I 

hated the wool…The yield was probably at least 5 percent below but you lose 

more than 5 percent of your price… [We] were probably losing 10 percent of 

value. 

 

Pregnancy scanning was discussed as a way of allowing producers to optimise 

nutrition to their pregnant ewes and thus improve lamb survival. Opinions on 

pregnancy scanning were quite varied. Some producers viewed pregnancy scanning 

as an essential component of sheep production and felt that “anyone who doesn’t 

preg-test [sic] now the way the seasons have been should have a serious look at 

themselves.” Others, however, did not believe “that for the number of [dry ewes] you 

pull out it's worth the cost to do it.” The producers who did not favour pregnancy 

scanning tended to be happier with their conception and survival rates, perhaps 

explaining why they felt that the use of pregnancy scanning would have only minor 

benefits for their enterprise.  

 

The way in which pregnancy scanning was used also varied. Some producers used 

pregnancy scanning to identify ewes carrying twins. 

It’s actually years ago now we started pregnancy scanning all our ewes, and 

twinning sometimes, and that helped us keep a lot more alive. [Scanning for 

twins] meant that we could put them on our best paddock and maintain their 

food standards really high without … having to feed too much to sheep that 

don’t need it. 

Other producers felt that the extra cost involved in scanning for twins was not justified 
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and scanned simply to identify which ewes were pregnant. The results of pregnancy 

scanning were used both to optimise nutrition and to make culling decisions. 

Anything that scans dry, bar stud maidens, automatically goes on a separate 

farm and then if they scan dry again they are automatically out…We found this 

year that our scanning percentage of our maidens was probably the best ever 

after four years of that practice.  I think our maidens scanned at close to 90%. 

 

Genetic selection was viewed as an important tool for improving lamb survival rates. 

For example, as mentioned above, several producers culled ewes that did not produce a 

lamb two years in a row and this was seen as an effective way of improving lambing 

rates. While some producers mentioned more complex genetic techniques, such as the 

use of DNA markers, this was generally portrayed as too expensive and out of reach for 

most farmers. 

 

Some producers discussed using alpacas to protect sheep from predators, with one 

student noting that neighbours had improved their lambing percentages by 30 percent 

using alpacas. Two other producers who used alpacas stated that they would definitely 

continue to use them. However, most producers seemed to treat the use of alpacas as a 

good-natured joke, citing a lack of substantiated evidence on their effectiveness. 
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Table 4.1. The list of strategies to improve lamb survival rates elicited from the 

focus group discussions. 

Approach Strategy 

Genetics Culling of ewes that do not raise a lamb 

 Selection of ewes based on mothering ability 

 Selection of ewes based on their temperament 

 Using rams from breeds with high survival rates 

Control of predators Use of alpacas as herd guards  

 Baiting foxes 

 Shooting foxes 

 Culling other predators 

Feed and nutrition Pregnancy scanning to identify pregnant and dry ewes 

 Pregnancy scanning to identify twin-bearing ewes 

 Choosing time of lambing based on feed availability 

 Use of perennial pastures 

 Use of summer grazing lands 

 Supplementary feeding ewes just before lambing to increase 
colostrum production 

 Monitoring and maintaining the condition score of ewes 

Flock management Mothering up ewes and lambs 

 Minimising handling and disturbance during lambing 

 Use of short mating periods  

 Use of teasers to synchronise ewes prior to mating 

 Shearing just before lambing 

 Provision of shelter in the form of bushland 

 Provision of shelter in the form of a standing crop or 
stubbles 
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4.3.4 Subjective and social norms 

Throughout the focus group discussions, producers frequently referred to the behaviour 

of other producers. The student group, in particular, discussed the role of other 

producers as important sources of information regarding new practices. Five of the 

students stated that the opinions and behaviour of other farmers in their extended 

family, their community or within their social group influenced the practices used on 

their farm. Further, two of the producers, in the stud breeder and superfine wool 

producer groups, explicitly stated that they had enjoyed the focus group discussion and 

found it useful to be able to talk to other producers about ways to improve lamb 

survival. This is in line with the results of other studies. For example, dairy farmers 

valued the opinions of other farmers and farm agents when considering the use of new 

heat detection methods (Garforth et al. 2006). The advice of other farmers was valued 

much more highly than that of research institutions which were viewed as having a 

vested interest in the adoption of the new technology (Garforth et al. 2006). 

 

The students also viewed farm advisors and farming publications as important sources 

of information. One student stated that his father was likely to act on “pretty much 

whatever [the farm advisors] say.” Similarly, Garforth et al. (2006) noted that farm 

agents were viewed as trusted information sources. Rogers and Beal (1958) noted that 

farming publications tend to be used as information sources to a greater degree by early 

adopters than late adopters, although they are effective at reaching the majority of 

producers.   

 

Social norms, in terms of the perceived opinions and reactions of family members, 

close friends and neighbours, also seemed to influence whether producers felt they 

needed to improve lamb survival rates. It appears that there is a cut-off for a socially 
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acceptable lambing percentage. For example, one producer, in the superfine wool 

producer group, stated that he regularly achieved 96 percent lambing and therefore he 

felt that it was unnecessary for him to carry out pregnancy scanning on his farm. The 

rest of the superfine wool producer group tended to agree with him, despite the fact that 

they had a positive attitude towards using pregnancy scanning themselves. One of these 

producers referred back to it later in the discussion, stating that “if over 90 percent of 

ewes [are in lamb] it’s pretty costly to get somebody to tell you that it’s half a dozen 

ewes in a hundred that are dry… [it] will make no difference [to feed costs].” The 

influence of social norms is well-documented (e.g., Phillips and Gray 1995; Vanclay 

2004; Burton and Paragahawewa 2011). Within farming communities, there is often a 

concept of what constitutes ‘good farming practice’, which serves as a set of guidelines 

for farmers on how they should manage their farms (Phillips and Gray 1995; Vanclay 

2004). 

 

4.3.5 Control beliefs and perceptions of control 

Perceptions of control also emerged as important factors in determining behaviour. 

These perceptions tended to relate to how various aspects of the farming system could 

either encourage or constrain the producer’s desire to implement a particular strategy. 

Twelve producers stated that external factors, including weather conditions, financial 

circumstances, and time and resource availability, may prevent them putting a particular 

practice in place. For example, the expectation of poor weather conditions, or a late 

break in season, may encourage producers to lamb later. 

If it’s looking good we’ll put them in a bit earlier but if it’s looking like 

it’s going to be a bad season we’ll usually try and wait a bit, or hold off 

for as long as we can. 
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These control beliefs appear to influence intentions and behaviour. For example, 

negative control beliefs may result in the producer not performing the behaviour in 

question. An example of this was discussed by the student group. One student stated 

that his family was interested in establishing perennial pastures on their farm, but there 

was a perceived clash in timing with other more important jobs, and so they felt unable 

to put this into practice. Other students agreed that this was a common problem. 

Similarly, concerns over labour availability stopped one producer from shearing his 

ewes at what he believed to be the optimal time for lamb survival. 

 We used to shear our commercial ewes in May and they were the best 

lamb percentages we ever had… We had to give it away and that was 

because you couldn’t rely on the shearers being there exactly when you 

needed them. You didn’t have any leeway. 

 

There was also a perception that the producers often had no control over the outcome of 

lambing. Although the producers tended to have a positive attitude towards improving 

lamb survival rates, there did appear to be an underlying feeling that in some cases lamb 

mortality is inevitable. For example, one producer stated, “you are going to lose ewes 

and they are not going to have lambs.” This seems to reflect almost a sense of 

hopelessness, that producers can put new practices in place but sometimes it just seems 

to be out of their hands. This was further reflected in discussions about weather 

conditions.  

 

Issues of control figured highly in discussions of predation. As discussed in section 

4.3.2, producers ranked predation as one of the major causes of lamb mortality. 

However, while there was general agreement over the impact of nutrition and weather 

conditions, there was some disagreement over whether predators were actually the real 



89 
 

cause of the mortality attributed to them. Sixteen producers felt that their lambing mobs 

were under real threat from foxes and, to a lesser extent, eagles. Two producers, 

however, argued that they had “never seen a fox kill a live lamb yet… [They had] seen 

them take dead ones but never ever seen a fox kill a live lamb.” Emotive language was 

used in the discussions of predation, with one stud breeder stating, “it broke my heart” 

to discover lambs lost to predators. This emotive language tended to be absent in the 

discussions of other causes of mortality. However, its use suggests that the influence of 

emotions on behaviour should be considered. This supports the use of the MGB, as 

proposed in Chapter 3. 

 

The superfine wool producer group in particular seemed to feel frustrated in their 

attempts to reduce losses to predators. While they did lay baits to try and reduce fox 

numbers, they felt that “unless everyone in the area is doing it, you clean out the foxes 

in your area and they converge from all the neighbours.” The increased focus on 

cropping and the resulting move away from sheep in many areas meant that other 

farmers had stopped controlling foxes, which made it harder for those producers who 

continued to run sheep. Restrictions on obtaining and using poisoned baits were also a 

source of frustration for producers, with one stating that “the red tape… is worse than 

the money as far as I'm concerned, having to fill in forms and apply for it.” 

 

The influence of perceptions of control on the intentions to adopt lamb survival 

strategies is unsurprising; however, it has rarely been examined within the context of 

other important variables, such as those suggested by the TBP, in the field of 

agriculture. More commonly, researchers in this area have assessed the influence of 

attitudes on intentions, without considering perceived behavioural control (Burton 

2004). However, Ajzen (1991) concluded that the addition of perceived behavioural 
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control to the TRA significantly improved the prediction of intentions to perform 

behaviours, such as voting, losing weight and attending classes. Similarly, Bandura 

(1982) argued that the likelihood of an individual performing a behaviour is influenced 

by their confidence in their ability to perform it. The current research highlighted this 

with the example of the producer who felt that he was unable to avoid handling his 

lambing ewes because of his requirement for pedigree information. Our findings 

suggest that it is necessary to further investigate the role of PBC, within the framework 

of a model such as the TPB, in this area. 

 

4.3.6 Contextual factors and heterogeneity in decision-making 

As discussed in section 2.4.1, farmers have been grouped for purposes of extension and 

diffusion based on their propensity to adopt innovations. However, there have been a 

large number of studies on contextual factors, such as enterprise size and type, and 

farming style, that may influence adoption behaviour, resulting in heterogeneous 

decision-making (e.g., Howden et al. 1998; Driedonks et al. 2005; Maybery et al. 2005; 

Pannell et al. 2006; Vanclay et al. 2006). These factors are potentially exogenous to the 

constructs in the TPB, informing attitudes, subjective norms and PBC. 

 

There were indications of heterogeneity both within and between the groups of 

participating farmers. In this section, those finding relating to possible heterogeneity in 

decision-making will be presented. First, general impressions of each group will be 

presented. Next, factors contributing to potential heterogeneity will be discussed. 

 

4.3.6.1 General impressions 

The student group tended to view sheep as a secondary enterprise. Sheep were seen as 

providing an opportunity for ready cash in a bad season, but cropping was the main 
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focus. Several of the students stated that while they enjoyed working with sheep and 

could see the value in sheep, they were unsure whether there was a future for sheep on 

their properties. This suggests that the industry may face the challenge of younger 

producers moving away from sheep production and increasing their focus on cropping.  

 

The stud breeder group were concerned about current high lamb mortality rates and 

wanted to improve their lambing percentages. They generally had a positive attitude 

towards practice change, if they thought it would help them achieve this goal. They also 

showed concern over consumer perceptions, of both production practices and wool 

itself, and the resulting impact of increased costs of farming on their ability to manage 

their properties. Although, none of the groups appeared to view lamb mortality as an 

animal welfare issue, this group was aware that it may lead to negative consumer 

perceptions of the industry. 

 

The superfine wool producer group tended to have a positive attitude towards 

improving lamb survival rates, although there was disagreement on how best to achieve 

this. They also gave the impression that farming sheep is all about compromise. Each 

decision that is made requires a complex set of trade-offs between different external 

factors, such as feed availability, weather conditions, labour availability and impacts on 

other farming enterprises. The producers stressed that it is a case of finding the optimum 

solution given a range of external conditions, and that there is no ‘one-size-fits-all’ 

solution for farmers.  

 

4.3.6.2 Factors contributing to heterogeneity 

Enterprise factors, such as goals, size and structure, appeared to play a key role in the 

intentions and adoption of lamb survival strategies, leading to differences in decision-
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making. For example, when making decisions, producers took into account the degree 

to which suggested practices related to the main focus of their enterprise and allowed 

them to achieve their goals, including the practicality, and economic viability within the 

parameters of their farming system. Decisions also seemed to be influenced by the 

primacy of sheep in the enterprise mix, as suggested by Deane and Malcolm (2006). For 

example, in mixed farming systems with a greater focus on cropping, less time tends to 

be devoted to sheep and management decisions are often based on ‘easy-care’ 

principles. Conversely, in stud enterprises, sheep are the main focus and therefore there 

is value in devoting time, money and effort towards improving production. Seven of the 

18 superfine wool producer participants stated that they often implemented strategies 

with their stud flock that they did not use with their commercial flock, simply because 

the value of the commercial sheep did not justify the extra effort. It is interesting to note 

that the student group, although interested in sheep, felt that sheep were a lower priority 

than cropping enterprises. This suggests that there may be a shift away from sheep 

production in the future. 

 

Enterprise factors also affected the degree of importance attached to lamb survival. 

Producers in both the stud breeder and superfine wool producer groups raised the point 

that until recently they had not focused on increasing lambing percentages. Their main 

objectives were increased wool yield and improved wool quality characteristics. 

However, in recent years, the price of wool has declined relative to lamb prices and 

these producers are now trying to improve lambing percentages and lamb survival rates. 

As one producer, from the stud breeder group, stated:  

The way the current industry is going you don’t want 80 lambs with 5 

kilos of wool on them - you want 100 lambs with 4.5 on them. With the 

meat value we need that extra 20 percent of lambs on ground even if you 
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have to forfeit on the wool side. I hate saying it but at the moment that is 

where we have to head. 

 

These findings indicate that factors related to the farming enterprise are likely to 

influence decision-making. Likewise, farmer characteristics, such as age, may also play 

a role, as suggested by the lower priority given to sheep by the students compared to the 

older farmers. Willock et al. (1999) also found that characteristics of the farming 

system, and characteristics of the producer themselves, played an important role in 

decision-making through their influence on the attitudes and values of the producer. 

This reiterates the idea, suggested by the participants, that there is no ‘one-size-fits-all’ 

strategy for improving lamb survival rates and therefore, the widespread adoption of 

many strategies may not be appropriate. As such, it appears necessary to further 

investigate heterogeneity within farming populations. 

 

4.3.7 Summary of findings 

From the present study, it appears that sheep producers tend to have a positive attitude 

to improving lamb survival rates, and that social norms and perceptions of control play 

a role in these decisions. Exogenous factors, including enterprise goals, appear to 

influence attitudes, perceptions of control and social norms, contributing to 

heterogeneity within the population. The findings add to the existing literature by 

identifying the salient factors and beliefs behind each of the more general variables in 

the TPB model. A summary of the findings, based on the TPB, is presented in Figure 

4.4. 
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4.4 Discussion of the findings in relation to the larger study 

These qualitative findings suggest that the TPB model is an appropriate framework on 

which to base the quantitative survey in phase two of the study. It was demonstrated 

that attitudes, subjective norms and perceptions of control do seem to influence 

producers’ adoption of strategies to improve lamb survival rates. The exploratory nature 

of this phase of the research means that it would be inappropriate to generalise these 

findings beyond the sample. However, integration of relevant literature from the 

disciplines of social psychology and agricultural innovation and extension demonstrate 

the potential of these findings to be used in the development of a survey to confirm and 

quantify the roles of the TPB constructs in the adoption of strategies to improve lamb 

survival rates. 

 

The findings support the view, proposed in Chapter 3, that the adoption of lamb survival 

strategies is a goal-directed behaviour. Participants in the current study expressed a 

desire to improve lamb survival rates, rather than to perform a specific lamb survival 

strategy. The lamb survival strategies (e.g., pregnancy scanning) were considered a 

means to an end (improving lamb survival). This lends support to the hypothesis that the 

MGB will provide a better understanding of the adoption of lamb survival strategies 

than the TPB.  

 

The MGB extends the TPB by considering goal-related factors, such as the anticipated 

emotions upon success or failure in achieving the goal, and past behaviours. Some 

support was found for these additional variables in the current study, with farmers using 

emotive language when they described the loss of lambs to predators and discussing 

their past behaviours. Thus it appears sensible to investigate the applicability of the 

MGB to this context in the quantitative phase of the study as further research is required 
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to explore and quantify the relationships between the constructs proposed in this phase 

and additional constructs in the MGB and the adoption of lamb survival strategies.  
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Figure 4.4. A summary of the findings, based on the key themes which emerged from the focus groups discussions. 
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The findings indicate that perceptions of control over external constraints did influence 

producers’ adoption decisions. In particular, time, money, labour availability, weather 

conditions and consumer perceptions were identified as external constraints to adoption. 

Abadi Ghadim et al. (2005) noted that time, resource availability and the availability of 

skilled labour can affect the ability of farmers to trial innovations, and thus affect 

adoption. The availability of resources, as noted by Abadi Ghadim et al. (2005), is 

likely to reflect both the amount of money available to the producer and the amount of 

money that needs to be spent to implement the new practice. That is, if the farmer 

already owns or has access to the required resources, trialling the innovation requires 

less expenditure. Weather conditions were also identified as a major cause of lamb 

mortality by the participating producers, and this is likely to be the reason for their 

influence on behaviour. As Martin (2009) highlighted, in ‘good’ seasons, investments in 

lamb survival strategies are unlikely to yield much benefit, but the benefits are clear in 

‘poor’ seasons. Thus, weather conditions, and the perceived risk of poor weather 

conditions, seem likely to play an important role in farmers’ decisions. Based on these 

findings, it appears that producers’ beliefs about external constraints, such as weather 

conditions, time and labour availability, and their influence on intentions, should be 

investigated further in the quantitative phase of the study. 

 

The findings also lent support to the idea that there is considerable heterogeneity within 

the farming population. The study showed that enterprise factors, such as goals and 

objectives, appear to influence producers’ attitudes towards particular strategies. 

Further, there were also differences in the relative value accorded to sheep production, 

which further influenced attitudes. This suggests that characteristics of both the farm 

and the farmer may influence management decisions, but it is not clear what form this 

influence may take. It is also not clear from this qualitative study whether different 
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groups of producers take different factors into account in their decision-making, as has 

been demonstrated by other authors (e.g., Pennings and Leuthold 2001; Jackson et al. 

2008; Lapple and Kelley 2010). Thus, it is necessary to investigate the causes of 

heterogeneity in greater detail using the quantitative survey. 

 

Finally, a list of 22 strategies to improve lamb survival rates was elicited in this study. 

These strategies were divided into four themes or approaches to improving lamb 

survival: feed and nutrition, flock management, genetics, and the control of predators. It 

appears from the focus groups that the feed and nutrition strategies were viewed as the 

most effective, most probably because of the influence of nutrition on lamb mortality. 

This impression does, however, need to be confirmed and quantified. 

 

4.5 Conclusion 

In conclusion, the focus group participants expressed positive attitudes towards 

improving lamb survival rates on their properties, but had differing views on the best 

way to achieve this. Social norms and perceptions of control also appeared to play 

important roles in predicting intentions to adopt lamb survival strategies. Enterprise 

factors emerged from the focus group discussions as potential influencers of perceptions 

of control, attitudes and social norms towards the adoption of lamb survival strategies. 

Further, the findings suggest that lamb survival strategies are likely to be goal-directed 

behaviours toward improving lamb survival rates, rather than target behaviours (e.g., 

pregnancy scanning). However, further research, of a quantitative nature, is necessary to 

confirm and quantify the suggested relationships.  
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Chapter 5 - Quantitative Research Methodology 

 

5.0 Introduction 

This chapter describes and explains the approach used to test the focal models in 

predicting and explaining the adoption behaviour of Australian sheep producers. It 

details the second, quantitative phase of a two-phase, mixed-method study. Section 5.1 

describes the quantitative data collection approach, including the formulation and 

distribution of the survey, and a justification of the necessary sample size. Section 5.2 

describes the analyses of the current and potential future use of lamb survival strategies, 

the adoption of pregnancy scanning, the belief structure underlying model constructs, 

and the testing of the three proposed behavioural models. 

 

The current study was designed to investigate the decision-making processes of 

Australian sheep farmers to address the following research questions: 

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

More specifically, the research aims were to: 

a) assess the current and future use of strategies designed to improve lamb 

survival rates; 

b) investigate whether the Theory of Planned Behaviour (TPB) and the Model 

of Goal-directed Behaviour (MGB) add significantly to our understanding of 

farmers’ intentions to adopt strategies to improve lamb survival over the 

more commonly used, parsimonious Theory of Reasoned Action (TRA) 

model; 
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c) determine whether the farming population is homogenous in terms of the 

factors which influence decision-making, or whether different groups exist 

within the population; 

d) if different groups exist within the overall population, investigate methods of 

distinguishing between groups to aid with the development of specific 

extension strategies to target each group; 

e) investigate the importance of perceived external constraints, such as weather 

conditions and economic factors, in influencing farmers’ intentions to adopt 

strategies to improve lamb survival; and 

f) identify the belief structure behind each construct to identify which beliefs 

have the greatest influence on intentions. 

 

Based on the review of the agricultural extension and adoption literature (Chapter 3), it 

was expected that: 

a) the MGB will add significantly to our understanding of farmers’ intentions 

to adopt strategies to improve lamb survival, relative to the TRA and TPB; 

b) perceived behavioural control (PBC), as depicted in the TPB, will add 

significantly to our understanding of farmers’ intentions to adopt strategies 

to improve lamb survival; 

c) self-efficacy, as conceptualised by Bandura (1982) and distinct from PBC, 

will add significantly to our understanding of farmers’ intentions to adopt 

strategies to improve lamb survival; and 

d) the sample population will be heterogeneous with regards to the factors 

influencing decision-making. 
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5.1 The data collection approach 

A survey was designed to provide the data needed to examine the research questions 

and aims outlined in section 5.0. The constructs and items used to answer the first 

research question, “What strategies do farmers use to improve lamb survival rates?” are 

described in section 5.1.1. The constructs and items used to answer the second research 

question, “What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates?” are described in section 5.1.2. The demographic 

questions are described in section 5.1.3. The data collection procedure is outlined in 

section 5.1.4 and the design of the survey is described in section 5.1.5. Finally, the 

survey sample, including a justification of the chosen sample size and a description of 

the composition of the sample, is detailed in section 5.1.6. 

 

5.1.1 What strategies do farmers use to improve lamb survival rates?  

The constructs and items described in this section were used to address the following 

research aim: 

a) assess the current and future use of strategies designed to improve lamb 

survival rates. 

 

5.1.1.1 Best-worst analysis of the perceived effectiveness of approaches to improving 

lamb survival rates 

This section of the survey used best-worst scaling to measure the perceived 

effectiveness of four general approaches (genetics, control of predators, feed and 

nutrition, and flock management) to improving lamb survival rates. Best-worst scaling 

is a measurement technique in which respondents are asked to choose the ‘best’ and 

‘worst’ options in repeated subsets of items (Jaeger et al. 2008). As a type of maximum 

difference scaling, best-worst scaling was first introduced by Finn and Louviere (1992) 
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as an extension of the paired comparisons tests, traditionally used to measure 

respondents’ ranking of items and issues. Best-worst scaling has been shown to provide 

greater discrimination between items than methods, such as monadic rating scales 

(Cohen and Orme 2004), and is no more difficult, and may actually be easier, for 

respondents to complete (Jaeger et al. 2008). This method reduces context effects and 

order effects, by placing each item in a subset with all other items  and varying the 

position of items through the use of an experimental design (Lee et al. 2007). It also 

eliminates the effect of ‘response styles,’ as respondents are unable to use only part of a 

scale, such as choosing all items as important or very important (Cohen and Orme 2004; 

Lee et al. 2007). As such, it is most appropriate for evaluating trade-off items, where all 

items are unlikely to be equally important. It is also easier for respondents to complete 

when the number of items is small enough to limit the subsets to a manageable number. 

As such, the four general approaches were used in the best-worst to maximise 

differentiation between the item scores. 

 

In the current survey, the four general approaches were subject to the Youden square 
design (Raghavarao 1971), to create four subsets of three items, depicted in  
 
 
Table 5.1, where ‘0’ represents the missing item from each subset. This design resulted 

in each approach being seen three times and each pair twice across the four subsets, 

providing multiple measurements for each general approach. 
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Table 5.1 The design of subsets used in the best-worst analysis of general 

approaches to improving lamb survival rates, indicating the position of each 

general approach in each subset. 

 Subset 1 Subset 2 Subset 3 Subset 4 

Genetics 1 0 2 1 

Control of predators 2 3 1 0 

Feed and nutrition 3 1 0 3 

Flock management 0 2 3 2 
 

An example of the first subset is shown below, in question form: 

 

Of these, which is the most effective and least effective approach? 

 Most 

effective 

Least 

effective 

 Pick one Pick one 

Genetics (e.g., crossbreeds, selection on temperament)   

Control of predators (e.g., baiting or shooting foxes)   

Feed & nutrition (e.g., pregnancy scanning, perennial pastures)   
 

 

5.1.1.2 Current and future use of strategies to improve lamb survival rates 

This section of the survey included the full list of strategies to improve lamb survival 

rates derived from the initial qualitative phase of the research, which were presented 

under the four previously-mentioned general approaches: genetics; control of predators; 

feed and nutrition; and flock management. In addition to the strategies derived from the 

qualitative strategies, each of the four approaches included an “other” option, in which 

the respondent could list another strategy belonging to that approach. In the online 

survey, the strategy table was shown twice. In the first table, respondents were asked to 
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indicate which strategies they currently used on their property. In the second table, they 

were asked to indicate which strategies they would consider using in the future. 

Respondents were instructed to indicate as many strategies as was appropriate. In the 

mailed survey, the “current use” and “future use” options appeared in two separate 

columns in the same table. For both the online and mail surveys,  answers were given in 

a yes/no format, as this is appropriate for concrete behaviours, and further information 

regarding intentions was gathered using ratings scales in the next section. 

 

5.1.2 What factors influence farmers’ intentions to implement strategies to improve 

lamb survival rates? 

The constructs and items described in this section were used to address the following 

specific research aims: 

b) investigate whether the Theory of Planned Behaviour (TPB) and the Model 

of Goal-directed Behaviour (MGB) add significantly to our understanding of 

farmers’ intentions to adopt strategies to improve lamb survival over the 

more commonly used, parsimonious Theory of Reasoned Action (TRA) 

model; 

c) determine whether the farming population is homogenous in terms of the 

factors which influence decision-making, or whether different groups exist 

within the population; 

d) if different groups do exist within the overall population, investigate 

methods of distinguishing between groups to aid with the development of 

specific extension strategies to target each group; 

e) investigate the importance of perceived external constraints, such as weather 

conditions and economic factors, in influencing farmers’ intentions to adopt 

strategies to improve lamb survival; and 
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f) identify the belief structure behind each construct to identify which beliefs 

have the greatest influence on intentions. 

The models, previously discussed in Chapter 3, are shown in Figure 5.1 for ease of 

reference. The hypotheses derived from the models are listed in Table 5.2, as they were 

discussed in more detail in the literature review. The survey contained a series of 

measurement scales relating to the constructs in each model, which allowed us to 

measure the relationships between the constructs, and determine which of the three 

models explained the greatest amount of variation in intentions. In order to adequately 

test the models in an efficient manner, a single target behaviour had to be identified. In 

this case, the target behaviour was chosen to be pregnancy scanning to identify single-

bearing, twin-bearing and dry ewes. This specific practice was chosen as this strategy 

produced relatively high variability in attitudes in the qualitative phase. 

 

The scales used to measure each construct (see Chapter 2 for detailed descriptions of 

constructs) were obtained from the existing scales for the TPB and MGB. Multiple-item 

scales were used to provide greater reliability and validity. Where necessary, the scales 

were adapted and expanded to suit a farming context using information gathered in the 

focus group stage. By ensuring that the questions use the same wording as the 

respondents commonly use, the risk that respondents will misunderstand the questions 

or interpret them differently to the way they were intended will be reduced (Morgan and 

Spanish 1984). The item formats for each of the constructs in the model have been well-

developed in prior research. Table 5.3 lists each construct, the number and type of 

scales commonly used in its measurement and gives an example of the source/s of these 

scales. 
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Figure 5.1. a) The theory of reasoned action b) The theory of planned behaviour c) 

The modified model of goal-directed behaviour 
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Table 5.2 The hypotheses derived from the TRA, TPB and MGB 

Hypotheses Model  

H1 Attitude toward the behaviour is positively related to the intention to act  TRA, TPB 

H2 Subjective norms are positively related to the intention to act TRA, TPB, 
MGB 

H3 Attitude toward the behaviour is positively related to the desire to act MGB 

H4 Subjective norms are positively related to the desire to act MGB 

H5 Positive anticipated emotions are positively related to the desire to act MGB 

H6 Negative anticipated emotions are positively related to the desire to act MGB 

H7 The degree to which the farmer identifies with a social group is 
positively related to the desire and intention to act in accordance with 
the goals of that group 

MGB 

 

H8 Perceived behavioural control is positively related to the intention to act TPB, MGB 

H9 Perceived behavioural control is positively related to the desire to act, 
and to action itself 

MGB 

 

H10 Frequency of past behaviour is positively related to the desire and the 
intention to act, and to action itself 

MGB 

H11 Desire to act is positively related to the intention to act MGB 

H12 Intention to act is positively related to action TRA, TPB, 
MGB 

H13 Recency of past behaviour is positively related to action MGB 
 

In the following sections, each of the focal constructs is briefly defined. Then, the 

measurement of the construct is discussed, including the most commonly used item 

formats. Finally, the specific items used to answer the basic researcher questions are 

described.  

 

 

 
 
 



108 
 

Table 5.3 Overview of the constructs 

Construct Items Answer format Source of measure 

Attitude 5 7-point semantic differential (Bagozzi and Dholakia 2006) 

Positive anticipated 
emotions 

6 7-point Likert  (Bagozzi and Dholakia 2006) 

Negative anticipated 
emotions 

6 7-point Likert (Bagozzi and Dholakia 2006) 

Subjective norms 9 7-point Likert (Bagozzi and Dholakia 2006) 

Self-efficacy 4 7-point Likert/semantic 
differential 

(Armitage and Conner 1999) 

Perceived 
behavioural control 

3 7-point Likert/semantic 
differential  

(Armitage and Conner 1999) 

Affective 
commitment 

2 7-point Likert (Bagozzi and Dholakia 2006) 

Self-categorisation 2 7-point Likert (Bagozzi and Dholakia 2006) 

Group-based self 
esteem 

2 7-point Likert (Bagozzi and Dholakia 2006) 

Frequency of past 
behaviour 

1 5-point Likert (Perugini and Bagozzi 2001) 

Recency of past 
behaviour 

1  Yes/No  

Intentions 3 7-point semantic differential (Bagozzi and Edwards 1998; 
Davis et al. 2002)  

Desire 3 7-point semantic differential (Bagozzi and Dholakia 2006) 
 

5.1.2.1 Attitudes  

Attitudes was defined by Ajzen and Fishbein (2000, p. 3) as “the evaluation of an 

object, concept or behaviour along a dimension of favor or disfavor, good or bad, like or 

dislike.” Attitude is typically measured using evaluative semantic differential scales, 

developed by Osgood, Suci and Tannenbaum (1957), where the individual rates their 

attitude toward an object or behaviour on an adjective scale, such as pleasant vs. 

unpleasant (Himmelfarb 1993). In addition to Bagozzi and Dholakia’s (2006) study on 

brand behaviour, three of the five items used in this research, shown below, have been 
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used in studies on a wide range of behaviours, including eating lunch with a group of 

friends (e.g., Bagozzi and Lee 2002) and the installation of new irrigation systems by 

strawberry farmers in Florida (e.g., Lynne et al. 1995). The fourth item (ineffective – 

effective) was thought particularly relevant in this context because we were focussing 

on implementing a possible solution to a problem. It has previously been used by 

Perugini and Bagozzi (2001) to investigate intentions to control body weight. The fifth 

item (unnecessary-necessary) was included as a measure of whether the respondent 

believed that lamb survival was an issue they needed to address and whether pregnancy 

scanning would help them do this. 

 

The items used to measure attitudes toward implementing pregnancy scanning during 

the next lambing season were as follows: 

I think that implementing pregnancy scanning during the next lambing season would be 

…  

1. Foolish – wise 

2. Harmful – beneficial 

3. Ineffective – effective 

4. Bad – good 

5. Unnecessary - necessary 

Each item was measured on a 1-7 semantic differential scale. 

 

5.1.2.2 Anticipated emotions 

Positive and negative anticipated emotions relate to how the individual expects to feel 

at the completion of the behaviour and refer to the outcome of the behaviour, rather than 

the process itself (Perugini and Bagozzi 2001). Perugini and Bagozzi (2001) define 

these anticipated emotions as ‘prefactual appraisals’, wherein the decision-maker 
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imagines the emotional consequences of success or failure prior to actually making the 

decision. It is important to measure both positive and negative anticipated emotions as 

the positive anticipated emotions relate to how the individual expects to feel if they 

achieve their goal, and the negative anticipated emotions relate to expectations upon 

failing to achieve the goal. Negative anticipated emotions (NAE) have been shown to be 

important factors in predicting HIV preventative behaviours (Richard et al. 1995) and 

driving violations (Parker et al. 1995), whereas Bagozzi et al.(1998) found that both 

positive and negative emotions play an influential role in the prediction of behaviour to 

regulate body weight. Similar scales were used in the prediction of bodyweight 

regulation (e.g., Bagozzi et al. 1998) and health behaviours (e.g., Leaf 2008). No 

examples of the use of anticipated emotions were found in studies of the adoption of 

agricultural innovations. However the use of emotive language by some of the 

participants in the qualitative phase suggests that the role of anticipated emotions should 

be investigated in this context.  

 

The items used to measure positive and negative anticipated emotions toward 

implementing pregnancy scanning during the next lambing season were as follows: 

If I am able to implement pregnancy scanning during the next lambing season, I will 

feel … 

1. Glad 

2. Delighted 

3. Satisfied 

4. Relieved 

5. Proud 

6. Happy 
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If I am unable to implement pregnancy scanning during the next lambing season, I will 

feel … 

1. Anxious 

2. Frustrated 

3. Worried 

4. Guilty 

5. Disappointed 

6. Nervous  

All items were measured on 1 (‘not at all’) to 7 (‘very much’) scales. 

 

5.1.2.3 Subjective norms 

Subjective norms refer to how the individual thinks his or her important referents will 

feel about him or her performing the behaviour in question (Ajzen 1991). In addition, 

subjective norms takes into account how motivated the individual is to comply with the 

perceived expectations of others and is often viewed as compliance (Bagozzi and Lee 

2002). The measurement scales used in the current study have also been used in a wide 

variety of studies, including eating lunch with a group of friends (e.g., Bagozzi and Lee 

2002), donating blood (e.g., Pomazal and Jaccard 1976) and the adoption of oestrus 

detection techniques by dairy farmers (e.g., Garforth et al. 2006). The referent 

categories ‘family’, ‘peers’ and ‘farm advisor’ were chosen from a review of the 

literature, which suggested that these groups of people were viewed as important 

sources of information by producers (e.g., Carr and Tait 1990; Garforth et al. 2004; 

Vanclay 2004). The findings from the qualitative phase of the study supported the use 

of these referent categories. 
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The items used to measure subjective norms on implementing pregnancy scanning in 

the next lambing season for each referent were as follows: 

 

My family think I should / should not implement pregnancy scanning during the next 

lambing season. 

 

My peers think I should / should not implement pregnancy scanning during the next 

lambing season. 

 

My farm advisor thinks I should / should not implement pregnancy scanning during the 

next lambing season. 

 

My family would approve / disapprove of me implementing pregnancy scanning during 

the next lambing season. 

 

My peers would approve / disapprove of me implementing pregnancy scanning during 

the next lambing season. 

 

My farm advisor would approve / disapprove of me implementing pregnancy scanning 

during the next lambing season. 

 

Each item was measured on a 1 (‘should not’ / ‘disapprove’) to 7 (‘should’ / ‘approve’) 

scale.  
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As is the usual practice, we also determined how motivated the producer was to comply 

with the perceived expectations of others by asking “How much do you want to do what 

[referent group] think you should?” (7-point ‘not at all – very much’ scale). 

 

5.1.2.4 Perceived behavioural control and self-efficacy 

Perceived behavioural control (PBC) refers to how easy or difficult the individual 

believes it will be to perform the behaviour in question (Ajzen 1991). This construct 

was included in the TPB to improve the model’s predictive ability for behaviours in 

which the actor may not have total control over the performance and outcome of the 

behaviour (Ajzen 1991). As previously mentioned, recent research has also included 

perceptions of control or self-efficacy (e.g., Artikov et al. 2006; Hu et al. 2006; Conte et 

al. 2010; Lapple and Kelley 2010; Wauters et al. 2010). Self-efficacy refers to the 

individual’s perception of his or her own ability to perform the behaviour in question 

(Bandura 1977). To account for the large number of possible external constraints on 

behaviour, we included scales relating to both PBC and self-efficacy. Both scales had 

previously been used by Armitage and Conner (1999) in the prediction of adherence to a 

low-fat diet. Similar measurement scales were used by Davis et al. (2002) to measure 

PBC in their study on the intentions of African-American students toward completing 

high school and by Beedell and Rehman (1999) in their study of farmers’ conservation 

behaviour.  

 

The items used to measure perceived behavioural control over implementing pregnancy 

scanning during the next lambing season were as follows: 

 

Whether or not I implement pregnancy scanning during the next lambing season is 

entirely up to me. This item was measured on a 1 (‘disagree’) to 7 (‘agree’) scale.  
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How much personal control do you feel you have over implementing pregnancy 

scanning during the next lamb season? This item was measured on a 1 (‘no control’) to 

7 (‘total control’) scale.  

 

How much do you feel that whether you implement pregnancy scanning during the next 

lambing season is beyond your control? This item was measured on a 1 (‘not at all’) to 7 

(‘very much’) scale.  

 

 

The items used to measure self-efficacy toward implementing pregnancy scanning 

during the next lambing season were as follows: 

 

I believe I have the ability to implement pregnancy scanning during the next lambing 

season. This item was measured on a 1 (‘disagree’) to 7 (‘agree’) scale.  

 

If it were entirely up to me, I am confident that I would be able to implement pregnancy 

scanning during the next lambing season. This item was measured on a 1 (‘disagree’) to 

7 (‘agree’) scale.  

 

To what extent do you see yourself being capable of implementing pregnancy scanning 

during the next lambing season? This item was measured on a 1 (‘not at all’) to 7 (‘very 

capable’) scale. 
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How confident are you that you will be able to implement pregnancy scanning during 

the next lambing season? This item was measured on a 1 (‘not at all’) to 7 (‘very 

confident’) scale.  

 

5.1.2.5 Social identity 

Farmers were asked to respond to three commonly-used measurement scales to elicit 

their social identity with the farmer they spoke to most about farming. Construct 

validity of the measurement scales used for the three social identity constructs has been 

demonstrated in studies on eating lunch with friends (e.g., Bagozzi and Lee 2002) and 

social identity in work organisations (e.g., Bergami and Bagozzi 2000). These three 

scales are described in the following sections. 

 
5.1.2.5.1 Affective commitment 

Affective commitment is the level of emotional involvement in the group, which is 

expected to affect the degree to which the individual acts in accordance with his/her 

perception of the expectations of the group (Bagozzi and Lee 2002). The items used to 

measure affective commitment to the farmer the respondent talked to most about 

farming were as follows: 

 

How attached are you to the farmer you described above? This item was measured on a 

1 (‘not at all’) to 7 (‘very much’) scale.  

 

How strong would you say your feelings of belongingness are toward the farmer you 

described above? This item was measured on a 1 (‘not at all strong’) to 7 (‘very strong’) 

scale. 
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5.1.2.5.2 Self-categorisation 

Self-categorisation refers to the individual’s awareness of his/her membership in a 

group (Bagozzi and Lee 2002). The items used to measure self-categorisation in relation 

to the farmer the respondent talked to most about farming were as follows: 

 

How would you express the degree of overlap between your personal identity and the 

identity of the farmer you described above?  

 
 

My own personal 
identity 

The identity of the 
farmer as I see it 

 

 
a. 

 
 
 

 
Far apart 

 
b. 

 
 
 

 
Close together  
but separate 

 
c. 

 
 
 

 
Very small  
overlap 

 
d. 

 
 
 

 
Small overlap 

 
e. 

 
 
 

 
Moderate  
overlap 

 
 
f. 

 
 
 

 
 
Large overlap 

 
 
g. 

 
 
 

 
 
Very large  
Overlap 
 

 
h. 

 
 
 

 
Complete  
overlap 

 

Please indicate to what degree your self-image overlaps with the identity of the farmer 

you described above as you perceive it. This item was measured on a 1 (‘not at all’) to 7 

(‘very much’) scale. 
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5.1.2.5.3 Group-based self-esteem 

Group-based self-esteem denotes a “positive and negative value connotation” (Bagozzi 

and Lee 2002 p. 232) associated with the membership of the group, in other words, how 

the individual feels about his/her association with the group. The items used to measure 

group-based self-esteem in relation to the farmer the respondent talked to most about 

farming were as follows: 

 

I am a valuable peer to the farmer I described above. This item was measured on a 1 

(‘does not describe me at all’) to 7 (‘describes me very well’) scale.  

 

I am an important peer to the farmer I described above. This item was measured on a 1 

(‘does not describe me at all’) to 7 (‘describes me very well’) scale.  

 

5.1.2.6 Desires 

Desires are thought to provide the motivational impetus to form an intention to act 

(Perugini and Bagozzi 2001). While numerous scales have been proposed to measure 

desire (e.g., Bagozzi and Edwards 1998; Bagozzi et al. 2003), Bagozzi and Dholakia’s 

(2006) scale was used, as this scale focuses on the desire to enact a particular behaviour 

rather than a desire to reach an end-point. 

 

The items used to measure the desire to implement pregnancy scanning during the next 

lambing season were as follows: 

 

I desire to implement pregnancy scanning during the next lambing season. This item 

was measured on a 1 (‘agree’) to 7 (‘disagree’) scale.   
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My desire for implementing pregnancy scanning during the next lambing season can be 

described as… This item was measured on a 1 (‘very weak desire’) to 7 (‘very strong 

desire’) scale.  

 

I want to implement pregnancy during the next lambing season. This item was 

measured on a 1 (‘does not describe me at all’) to 7 (‘describes me very much’) scale.   

 

5.1.2.7 Frequency and recency of past behaviour 

Past behaviour (frequency and recency) take into account the effect of previous 

enactments of the behaviour on future enactments. Frequency accounts for habit 

strength; the idea that the more the individual has enacted the behaviour in the past, the 

more likely he/she is to do it again (Perugini and Bagozzi 2001). Frequency was 

measured using a single item, as in Perugini and Bagozzi’s (2001) work on losing 

weight.  

 

The item used to measure the frequency of past use of pregnancy scanning was as 

follows: 

 

How often during the last five years did you perform pregnancy scanning in order to 

improve lamb survival rates? This item was measured on a 1 (‘never’) to 5 (‘always’) 

scale. 

 

Recency takes into consideration the availability of information on the behaviour and 

how to enact it (Perugini and Bagozzi 2001). The item used to measure the recency of 

implementing pregnancy scanning was as follows: 
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Did you perform pregnancy scanning during the last lambing season? This item was 

measured on a ‘yes’ / ‘no’ scale. 

 

5.1.2.8 Intentions 

Intentions are the plan, or intent, to perform the behaviour in question (Ajzen 1991). 

The scales used to measure intention in Bagozzi and Dholakia’s (2006) study were 

designed for group behaviours and thus take into account the intentions of the group as 

a whole. This is not applicable to the current study, and as such, scales were adapted 

from Bagozzi and Edwards (1998) and Davis et al. (2002). 

 

The items used to measure intentions to implement pregnancy scanning during the next 

lambing season were as follows: 

 

I intend to implement pregnancy scanning in the next lambing season. This item was 

measured on a 1 (‘definitely do not’) to 7 (‘definitely do’) scale.   

 

I plan to implement pregnancy scanning in the next lambing season. This item was 

measured on a 1 (‘definitely do not’) to 7 (‘definitely do’) scale.   

 

I will try to implement pregnancy scanning in the next lambing season. This item was 

measured on a 1 (‘definitely will not’) to 7 (‘definitely will’) scale.   

 

5.1.3 Background questions 

Respondents were also asked for personal and farm background information in order to 

allow us to evaluate the representativeness of our sample and to identify potential 
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differences between groups of respondents. The following items were used to collect 

this information: 

 

What gender are you? (“male/female”) 

 

In what year were you born? 

 

What is the approximate size of your property? (in “acres” or “hectares”) 

 

What is your main farming enterprise? 

a. Mixed livestock – cropping (sheep as secondary enterprise) 

b. Wool production (sheep as primary enterprise) 

i. Superfine wool 

ii. Fine wool 

c. Prime lamb production (sheep as primary enterprise) 

d. Sheep – beef 

e. Other _______________________________ 

 

In which region is your property? (an ABARE list and a map of Australian broadacre 

regions were provided) 

 

What was the maximum number of sheep on your farm in 2009 and what breed were 

they? 

 

What was your estimated lamb survival rate last lambing season? 
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What was your estimated average lamb survival rate over the last five years? 

 

Have you participated in any workshops or training sessions on how to use pregnancy 

scanning to improve lamb survival? 

 

Are you a member of any industry-based organisations? Please list 

 

5.1.4 Data collection procedure 

The quantitative phase was conducted via an online survey (see Appendix 6), which 

was backed up with a mail survey, on request. In this case, hard copies of the survey 

were mailed out, including a stamped, self-addressed return envelope.  

 

An online survey was chosen because of the lower cost, higher response rates, faster 

response times and greater geographical reach of this method compared to mail surveys 

(Cobanoglu et al. 2001; Ilieva et al. 2002; Truell et al. 2002; Deutskens et al. 2006). 

Sheep producers were recruited from across Australia, making an online survey an 

effective method of reaching as many producers as possible, due to the large coverage 

area and the remoteness of some potential respondents. Delivering the survey online 

also allowed us to minimise the amount of missing data, as respondents were required to 

answer all questions, except the demographic questions in Section 5. A mixed-mode 

survey (i.e. combining online and mail surveys) was used to increase the response rate, 

as they tend to have higher responses rates (Cobanoglu et al. 2001). In terms of 

equivalence in mixed-mode surveys, Deutskens, de Ruyter and Wetzels  (2006) found 

that there were virtually no differences in the responses to online and mail surveys, 

although online surveys tended to have more, and lengthier, responses to some open-

ended questions.  
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Respondents were required to currently own sheep or to have owned them in the past.  

They were recruited via emails and newsletters, circulated by industry organisations and 

representative bodies, including the following organisations: 

 BESTWOOL/BESTLAMB,  

 Cooperative Research Centre for Sheep Industry Innovation (Sheep 

CRC), 

 Department of Industry and Investment NSW, 

 Pastoralists and Graziers Association of Western Australia,  

 the Sheepmeat Council of Australia,  

 Sheep Genetics, 

 South Australian Research and Development Institute, 

 Stud Merino Breeders Association of Western Australia,  

 Victorian Farmers Federation,  

 Western Australian Farmers Federation, and 

 Western Australia Meat Marketing Cooperative (WAMMCO). 

 

The email contained a short description of the research and an invitation to participate in 

the survey. An example of this email is included as Appendix 7. The Participant 

Information Sheet (as required by the University Ethics Committee; Appendix 8) and 

link to the online survey were provided. Respondents were also invited to provide their 

contact details to enter the draw for a prize of $500 and assured that their competition 

entries would be processed separately, to ensure that survey responses remained 

confidential and anonymous. The survey and data collection procedures were approved 

by the University Ethics Committee before the survey was distributed to respondents. 
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5.1.5 Survey design 

The Participant Information Sheet was used as the cover sheet of the survey. It 

explained the purpose of the research and included information on the topic of the 

survey, the expected length of time to complete, confidentiality, consent and who to 

contact in case of complaints. The contact details of the researchers were also included. 

The questionnaire was composed of five sections, described below.  

 

Section 1 asked respondents about the various strategies to improve lamb survival rates, 

found to be important in the qualitative phase. These strategies were divided into four 

general groups: genetics, control of predators, feed and nutrition, and flock 

management. Respondents were asked to indicate which strategies they currently 

employed on their farm and which strategies they would consider employing in the 

future. They were also asked to indicate which of the strategies they believed to be most 

and least effective for improving lamb survival rates on their farm.  

 

Section 2 asked respondents a series of questions related to the models being tested in 

the current study. These questions included scales to measure attitude, anticipated 

emotions, subjective norm, PBC and self-efficacy, desire, intention, frequency and 

recency of past behaviour, which are described in detail in Section 5.1.2. As discussed 

in section 5.1.2, we chose pregnancy scanning to identify single-bearing, twin-bearing 

and dry ewes as the target behaviour because of substantial variability in attitudes 

towards pregnancy scanning in the qualitative phase.  

 

In Section 3, respondents were asked to indicate their agreement with 19 belief 

statements about pregnancy scanning. The belief statements were elicited in the 
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qualitative phase and related to attitudes, subjective norms, and perceived behavioural 

control.  

 

Section 4 related to the concept of social identity. It contained questions about the 

attributes of the farmer the respondent talked to most about farming, as well as the 

measurement scales for the affective commitment, group-based self-esteem and self-

categorisation constructs, as described in Section 5.1.2.  

 

Section 5 contained personal and farm background questions, including the respondents’ 

age and gender and farm characteristics, as described in section 5.1.3. In this section, 

respondents were permitted to proceed without answering each question, if they 

preferred.  

 

The online survey was designed so that respondents were required to respond to all 

questions. However, this was not possible with the mailed survey. In total, 15 mail 

surveys were received, as compared to 163 online surveys. 

 

5.1.6 The sample  

The appropriate sample size was determined based on the requirements of structural 

equation modelling (SEM), which generally requires a larger sample than other 

multivariate techniques (Hair et al. 2006). Although there is no set sample size for 

SEM, there are a number of guidelines for researchers, based on the a) estimation 

technique used, b) model complexity, c) amount of missing data, d) average error 

variance or communalities, and d) data distribution (Hair et al. 2006). The following 

paragraphs discuss these guidelines, in the context of our study. 

 



125 
 

The most common estimation technique for SEM is maximum likelihood estimation 

(MLE) (Cunningham 2008). This method was chosen for the current study, as it is 

consistent, unbiased, and efficient when the data meets the assumption of multivariate 

normality (Hair et al. 2006) and generally performs better than other estimation 

methods (Hu and Bentler 1998).  MLE is also reasonably robust and can withstand 

violations of multivariate normality (Iacobucci 2010). The recommended sample size 

for MLE ranges widely, between 150 and 400 (Hair et al. 2006). However, Anderson 

and Gerbing (1984) found that a sample size of 150 was sufficient for MLE when using 

three or more indicators per construct. They reported that this range of respondents 

reduces the likelihood of producing invalid results, without becoming statistically 

overly sensitive. 

 

However, more complex models require larger sample sizes (Hair et al. 2006). The 

three models tested in our study have varying degrees of complexity, based on the 

number of constructs. The most complex model was the MGB and thus we based our 

estimate of required sample size on the complexity of this model. Previous studies have 

successfully used the MGB with sample sizes ranging between 108 and 154 (Perugini 

and Bagozzi 2001; Bagozzi and Dholakia 2006), as such it would seem that a sample 

size over 150 would be sufficient to satisfy the requirements of both MLE and the most 

complex model.   

 

The amount of missing data can also affect sample size. In this case, the online survey 

was designed so that, with the exception of Section 5, respondents could not proceed 

through the survey without answering all questions. This minimises the amount of 

missing data. However, a small amount of missing data was expected in the mail 

surveys. As such, the sample size was increased slightly to account for this.  
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The strength of communalities can also influence the required sample size, with smaller 

sample sizes being required when communalities are consistently 0.6 or above 

(MacCallum et al. 1999). MacCallum et al. (1999) recommended a sample size of 100-

200 when communalities are around 0.5 and a sample size of at least 300 at lower 

communalities. In the current studies, the communalities were expected to be relatively 

high, as the measurement of the constructs have been well established in the literature 

(Bagozzi and Edwards 1998; Armitage and Conner 1999; Perugini and Bagozzi 2001; 

Davis et al. 2002; Bagozzi and Dholakia 2006). As such, a sample size in the range of 

100-200 would seem to be reasonable.  

 

A higher sample size is required when distribution of the data deviates from normal. 

However, the measurement scales used on our survey were adapted from previous 

studies using SEM (Bagozzi and Edwards 1998; Armitage and Conner 1999; Perugini 

and Bagozzi 2001; Davis et al. 2002; Bagozzi and Dholakia 2006). As such, it was 

expected that the data would not deviate significantly from a normal distribution and no 

upward adjustment would be necessary.  

 

Finally, a sample size of 200 was chosen as a target for the current study. However, 

based on the discussion above, it was felt that at least 150 would be required to have 

confidence in the results. In the current study, 178 surveys were returned, after all 

avenues for collecting further responses were exhausted. This included 163 internet 

based surveys, and 15 mailed surveys. Although this number was lower than the desired 

200 responses, it fell within the required range of 150-200 responses and as such was 

deemed sufficient for analysis. While none of the internet-based surveys included 

missing data, 10 of the mailed surveys included missing data.  In one of these, 
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approximately 70 percent of the survey was unanswered. Given the relatively small 

number of surveys containing missing data, these were removed, rather than imputing 

the data. Therefore the number of surveys included in the final analysis was 168, which 

was within the target range. 

 

5.1.6.1 Sample composition 

Of the retained 168 responses, 76 percent of the respondents were male and the 

remaining 24 percent female. The average age of respondents was 59 years, with a 

minimum age of 29 years and a maximum of 86 years.  Respondents were located 

across a broad geographical range in Australia, including 34 percent from Victoria, 20 

percent from Western Australia, 17 percent from New South Wales, 15 percent from 

Queensland, 9 percent from South Australia and 5 percent from Tasmania. The mean 

property size was 4438 hectares, with a minimum property size of 2 hectares and a 

maximum of 121,406 hectares. 

 

Respondents were asked to identify their main farming enterprises: 41 percent of 

identified their enterprise as prime lamb producer, 30 percent as wool producers, 23 

percent as mixed livestock – cropping farmers, 21 percent as sheep-beef producers, 17 

percent as fine wool producers, 7 percent as superfine wool producers and 13 percent as 

‘other’ including fruit production. The percentages of respondents identifying with each 

enterprise types totals more than 100 percent, as respondents were directed to indicate 

as many enterprise types as they felt appropriate to describe their farming system.  

 

The mean reported lamb survival rate for the last lambing season was 92 percent (s.e.m. 

= 2.12), and the mean reported survival rate for the last five years was 91 percent (s.e.m. 

= 1.98). When asked if they belonged to any industry groups or organisations, 77 
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percent of respondents listed at least one. In addition, twenty-four percent of 

respondents stated that they had attended a workshop or training session on the use of 

pregnancy scanning. 

 

5.2 The data analysis approach 

This section describes the stages of data analysis that were undertaken to address the 

aims of the research, which are as follows: 

a) assess the current and future use of strategies designed to improve lamb 

survival rates; 

b) investigate whether the Theory of Planned Behaviour (TPB) and the Model 

of Goal-directed Behaviour (MGB) add significantly to our understanding of 

farmers’ intentions to adopt strategies to improve lamb survival over the 

more commonly used, parsimonious Theory of Reasoned Action (TRA) 

model; 

c) determine whether the farming population is homogenous in terms of the 

factors which influence decision-making, or whether different groups exist 

within the population; 

d) if different groups exist within the overall population, investigate methods of 

distinguishing between groups to aid with the development of specific 

extension strategies to target each group; 

e) investigate the importance of perceived external constraints, such as weather 

conditions and economic factors, in influencing farmers’ intentions to adopt 

strategies to improve lamb survival; and 

f) identify the belief structure behind each construct to identify which beliefs 

have the greatest influence on intentions. 
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Aim (a) was addressed by the analysis in Section 5.2.1. The procedures used to address 

aims (b) to (f) are then described in Section 5.2.2.  

 

5.2.1 Analysis of current and future use of lamb survival strategies 

The data analysis described in this section was used to assess the perceived relative 

effectiveness of a set of general approaches to improving lamb survival, as well as the 

current and future intended use of lamb survival strategies.  

 

5.2.1.1 Best-worst analysis of strategies to improve lamb survival rates 

Farmers were asked to indicate which of four general approaches to improving lamb 

survival rates (i.e., genetics, control of predators, feed and nutrition, and flock 

management) they believed to be most effective and least effective, using best-worst 

scaling. As described in section 5.1.1.1, farmers were presented with four subsets, each 

containing three of the four general approaches, based on a Youden square design. For 

each subset, farmers were asked to choose which of the three general approaches they 

believed to be the most effective, and which they believed to be the least effective, at 

improving lamb survival rates. Following Lee et al. (2007), metric scores for each 

general approach were calculated for each individual by counting the number of times 

each general approach was chosen as the most or the least effective and subtracting the 

number for least effective from the number for most effective. This number was then 

divided by three (i.e., number of times the general approach was able to be chosen), 

creating a scale (-1 to +1) in which high scores implied that a value was more important 

to the respondent. For example, a score of 1 (-1) would mean that every farmer chose 

the same strategy as the most effective (least effective), every time it appeared in a 

subset. As such, lower scores indicate some variability in answers, between or within 

farmers, rather than perceived ineffectiveness. Calculating the difference scores in this 
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manner is the simplest method of analysing best-worst scaling data; however, it has 

been shown to yield the same results as the more complicated multinomial logit (MNL) 

analysis (Marley and Louviere 2005; Jaeger et al. 2008). Essentially, this creates an 

individual-level interval scale for each approach. 

 

Paired t-tests were conducted to determine whether there were any significant 

differences between the perceived effectiveness of the four general approaches. The 

assumptions underlying paired t-tests are that data are normally distributed and that 

there is homogeneity of variances between the two samples (Reed 2005). Normality was 

assessed through skewness and kurtosis. Skewness is a measure of the symmetry of the 

distribution (Hair et al. 2006). A value of zero reflects a normal distribution, with values 

increasing as the distribution moves further away from normal (Hair et al. 2006). An 

absolute value of 2 or greater represents a moderately non-normal distribution 

(Cunningham 2008). Kurtosis is a measure of the peakedness of the distribution, or how 

closely the data cluster together (Cunningham 2008). Absolute values of 7 or greater 

denote moderately non-normal distributions (Cunningham 2008).   The skewness and 

kurtosis values indicated that the best-worst scores were normally distributed, with 

skewness values ranging from 0.11 for flock management to 0.97 for feed and nutrition, 

and kurtosis values ranging from 0.01 for feed and nutrition to 1.00 for control of 

predators.  

 

In addition, the relationships between the perceived effectiveness of the different 

general approaches and background variables of both the farmer and farm were 

examined. Independent samples t-tests were conducted to assess the relationships 

between the perceived effectiveness of different general approaches and dichotomous 

background variables, such as gender and farming enterprise. In the case of farming 
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enterprise, respondents were asked to indicate whether or not they considered each type 

of enterprise to be a part of their farming system, thus creating a dichotomous scale for 

each of the six listed farming enterprises. The assumptions underlying independent 

samples t-tests are that the data are normally distributed and there is homogeneity of 

variance between the two samples. Normality was assessed by checking the 

Kolmogorov-Smirnoff statistic and the histograms. Levene’s test was used to assess 

homogeneity of variance. 

 

One-way ANOVAs were conducted to assess the relationships between the perceived 

effectiveness of different general approaches and background variables with more than 

two categories, such as State and age group. The assumptions underlying ANOVAs are 

that data is normally distributed and that there is homogeneity of variance between the 

groups. However, ANOVAs are relatively robust to violations of these assumptions 

(Lindman 1974). Where the ANOVAs uncovered significant differences, independent 

samples t-tests were used to identify between which Australian states or age groups 

those differences occurred. 

 

Pearson product-moment correlations were conducted to assess the relationship between 

the perceived effectiveness of the different general approaches and property size (in 

hectares), as both were metric variables. Coakes, Steed and Price (2008) list the 

following assumptions for Pearson’s correlations: 

a) the data are from related pairs; 

b) the data are either interval or ratio scale data; 

c) the data are normally distributed; 

d) there is a linear relationship between the two variables in question; and  

e) there is equality of variance between the two variables. 
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5.2.1.2 The current and future use of strategies to improve lamb survival rates 

The second stage of this analysis involved investigating the current and expected future 

use of specific strategies to improve lamb survival rates. Farmers were asked to report 

their current and intended future use of 22 strategies within the four main general 

approaches to improve lamb survival rates (e.g., genetics included culling of ewes that 

do not raise a lamb, selection of ewes based on mothering ability, selection of ewes 

based on their temperament, and using rams from breeds with high survival rates), as 

described in section 5.1.1.2. The current and intended future use of the various 

strategies were reported as the frequency of farmers selecting each strategy.  First, chi-

square tests were performed to determine whether there were significant differences in 

the frequency of use of the general approaches. The χ2 goodness of fit statistic for each 

general approach was also examined to determine where the differences occurred. 

Second, chi-square tests were performed to assess whether there were significant 

differences in the frequency of the use of strategies within each general approach. 

Again, differences were identified by assessing the χ2 goodness of fit statistic for each 

strategy. Third, chi-square tests were performed to assess potential differences in 

general approach use between and within Australian states and within primary 

enterprises (as indicated in Section 5 of the questionnaire). The χ2 goodness of fit 

statistics were examined to identify in which Australian states (or primary enterprise) 

respondents used, or would consider using each general approach, more than or less 

than expected.  
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5.2.2 Analysis of adoption of pregnancy scanning using the TRA, TPB and MGB 

5.2.2.1 Data analysis approach for the models 

Structural equation modelling (SEM) was used to analyse the applicability of the 

suggested models to the prediction of adoption of strategies to improve lamb survival 

rates. SEM was chosen because it allows for the testing of both construct validity and 

the theoretical relationships between the constructs (Hair et al. 2006). Essentially, it 

allows us to investigate several dependence relationships simultaneously, rather than 

conducting several separate analyses. SEM provides an extension to traditional 

multivariate analysis techniques as it both accounts for error and tests the goodness-of-

fit of the structural model (Cunningham 2008). Amos 19 (IBM SPSS Statistics, 

Chicago) was used as the statistical package for the analysis. Maximum Likelihood 

Estimation (MLE) was used as the estimation technique because of its robustness, 

consistency and efficiency (Hair et al. 2006; Iacobucci 2010)  and because MLE indices 

have been shown to be more reliable in identifying model misspecification than indices 

calculated using other estimation techniques (Hu and Bentler 1998). 

 

The SEM was conducted in several stages: 1) examining and preparing the data; 2) 

testing the measurement properties of the constructs; 3) examining the model 

descriptives; 4) testing the measurement model fit; and 5) testing and comparing the 

structural models. Each of these stages is described in greater detail below. 

 

5.2.2.1.1 Stage 1: Data preparation 

The data were examined prior to analysis to ensure that they met the requirements and 

guidelines for SEM. The procedures recommended by Hair et al.(2006) were used for 

the data-checking.  
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Missing data 

It is important to establish the reasons for missing data before choosing the best 

course of action. The process recommended by Hair et al.(2006) was followed. 

First, the extent of the missing data was determined. Then, the nature of the 

missing data was examined to determine whether there were any patterns. 

Finally, the appropriate imputational method was chosen. In this case, all 

missing data could be classed as ‘missing completely at random’ (MCAR) or 

‘missing at random’ (MAR). Data can be classed as MCAR if the fact that the 

data is missing is unrelated to any other variables (Arbuckle 1996). Data can be 

categorised as MAR if the probability that the respondent would answer the 

question is independent of the answer to that question, but related to the answer 

to another question (Arbuckle 1996). However, due to the low number of 

surveys containing missing data (10 surveys), it was decided to simply remove 

these surveys from the final analysis.  

 

Outliers 

Outliers are values which are much higher or lower than the mean. The general 

rule is that, for large sample sizes, when data are standardised (i.e. with a mean 

of zero and a standard deviation of one), those values with standard scores 

approaching 4 can be categorised as outliers (Hair et al. 2006). Box-plots were 

used to identify the outliers for each construct. Outliers were present in the 

boxplots of some items. However, the identified outliers fell within the range of 

1-7 and as such were correct responses and not the result of reporting error. 

Consequently, it was decided to deal with the outliers by using methods robust 

to violations of normality. 
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Normality 

MLE requires that the data display both univariate and multivariate normality 

(Hair et al. 2006), although it is relatively robust to violations of normality as 

long as the sample size is greater than 100 (Steenkamp and van Trijp 1991). 

Normality was assessed using skewness and kurtosis, as discussed in section 

5.2.1. Multivariate normality can be assessed using Mardia’s coefficient for 

multivariate kurtosis (Mardia 1970). A value of zero represents multivariate 

normality. While there is no definite cut-off for Mardia’s coefficient, 

Cunningham (2008) suggests that values greater than 3 are a cause for concern. 

If multivariate normality is a problem, the chi-square goodness of fit statistic can 

be inflated. In this case, bootstrapping will be used to estimate standard errors 

and to determine the significance in SEM, as the assumption of normality is not 

required with this method (Cunningham, 2008). 

 

All of the items used in the analysis of intentions to implement pregnancy 

scanning had absolute skewness values of less than 2 and absolute kurtosis 

values of less than 7. However, both the Kolmogorov-Smirnoff statistic and the 

Shapiro-Wilk statistic, which are also used as indicators of normality, were 

significant (P < 0.001) for each item. Consequently, to guard against the 

potential inflation of the χ2 statistic, it was decided to employ the bootstrapping 

technique in SEM analyses.  

 

5.2.2.1.2 Stage 2: Assessing measurement properties of constructs 

As all of the constructs, with the exception of frequency and recency of past behaviour, 

were reflective constructs (i.e., the constructs cause the measurement items and error 

results in an inability to fully explain the items; Hair et al. 2006), it was important to 
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assess all aspects of construct validity. Confirmatory factor analysis (CFA) was used to 

assess the undimensionality of each measure. Reliability, convergent validity and 

discriminant validity were assessed using Fornell and Larcker’s (1981) procedure. 

Common measure variance was also assessed.  

 

It should be noted that evaluative measures of constructs (i.e., stated attitude) were 

used, rather than additive measures (i.e., calculated attitudes, in which the strength of 

beliefs about outcomes or characteristics are multiplied by the value of the outcomes or 

characteristics). As discussed in section 3.3.2, the models used in the present study are 

based upon these evaluative measures, which are more proximal contributors to 

intentions than the additive measures. 

 

Frequency and recency of past behaviour were observed variables measured with single 

indicators. As such, it was necessary to assess only the discriminant validity for these 

constructs. 

  

Due to the nature of the social identity construct, it was expected that there would be 

some covariance between the three constructs (self-categorisation, group-based self-

esteem and affective commitment) included in it. To account for this, the social identity 

construct was set up as a second-order factor, causing the three first-order factors of 

self-categorisation, group-based self-esteem and affective commitment (Hair et al. 

2006). This also serves to reduce model complexity and increase parsimony (Hair et al. 

2006). Composite indicators were created from the two items measuring each first-order 

factor. These composites indicated the first-factors, which were then combined to 

indicate the second-order factor of social identity, as described by Hair et al.(2006). 
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This process was followed by Bagozzi and Dholakia (2006) in their use of the MGB to 

investigate consumer participation in brand communities. 

 

Unidimensionality 

Unidimensionality is present when the set of measured variables for each 

construct represent only that construct (Hair et al. 2006). One-factor congeneric 

models were used to assess unidimensionality for each construct with at least 

four indicator items. For those with less than four items, Joreskog (1993) 

recommends testing the constructs in pairs to ensure enough degrees of freedom.  

 

The chi-square goodness of fit index was used to assess unidimensionality, 

where a  p-value associated with the chi-square statistic of greater than, or equal 

to, 0.05 indicates unidimensionality (Iacobucci 2010). Where the chi-square 

statistic indicated poor fit, the modification indices were used to iteratively 

remove ill-fitting paths, based on which paths were predicted to yield the 

greatest change if removed, until adequate fit was achieved. Additionally, if the 

standardised regression weight of a construct was less than 0.6, the cut-off 

recommended by Hair (2006), the path was removed.  

    

While the chi-square test is the only fit index that allows hypothesis testing, 

rather than the use of a heuristic (Iacobucci 2010), several other fit indices are 

also reported in the analysis, including root mean square error of approximation 

(RMSEA), root mean square error (RMR), goodness-of-fit index (GFI), 

comparative fit index (CFI) and the Tucker-Lewis index (TLI). These are 

described in more detail in section 5.2.2.1.4. 
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Convergent validity 

Convergent validity refers to the expectation that there should be a high 

proportion of shared variance between the measured variables or items relating 

to a particular construct (Hair et al. 2006). The standardised factor loadings, 

when squared, show how much of the variation in the measured variable is 

explained by the construct. Hair et al. (2006) recommend that factor loadings 

should be above 0.5, although 0.7 or higher is preferable. The standardised 

factor loadings can be used to calculate the average variance extracted (AVE), a 

measure of convergence based on the average percentage of variance in the 

measurement items explained by the construct (Hair et al. 2006). As with factor 

loadings, Hair et al.(2006) recommend a minimum AVE of 0.5 to demonstrate 

adequate convergence. If AVE is less than 0.5, it means that there is more 

variance due to error in the items than variance explained by the construct 

(Fornell and Larcker 1981).  

 

Reliability 

The construct reliability (CR) value was used to assess reliability. The CR value 

measures internal consistency and is calculated using the squared sum of factor 

loadings and the sum of the error variance terms for each construct (Hair et al. 

2006). A CR value of 0.7 indicates good reliability, although values between 0.6 

and 0.7 may be acceptable if other indicators are strong (Hair et al. 2006). 

 

Discriminant validity 

Discriminant validity refers to the degree of uniqueness of a construct in relation 

to other constructs (Hair et al. 2006). It can be assessed by comparing the AVEs 

for two constructs with the squared correlation estimate between the two 
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constructs. If there is adequate discriminant validity, the AVEs will be greater 

than the squared correlation estimates, meaning the each construct explains its 

own variables better than it does another construct (Hair et al. 2006). If this is 

not the case, the two constructs are not truly distinct and will represent the data 

just as well combined as separately.  

 

Common method variance 

Malhotra, Kim and Patil (2006, p. 1865) define common method variance 

(CMV) as the “amount of spurious covariance shared amongst variables because 

of the common method used in collecting data.”  It can be a problem when self-

report data collection methods are used, as in the present study, and may result 

in the inflation of the observed relationships between variables (Lindell and 

Whitney 2001). CMV can be assessed by examining the correlations between 

each measurement item and an unrelated ‘marker’ variable (Malhotra et al. 

2006). The second-lowest correlation between measurement items can also be 

used in place of the marker variable (Lindell and Whitney 2001). Using this 

method, CMV-corrected correlations (rA ) are calculated using the equation: 

rA  =  (rU – rM) / (1 – rM) 

in which rU represents the uncorrected correlation and rM represents the second-

lowest correlation. If the difference between the corrected and uncorrected 

correlations is not significant, CMV bias is not likely to be present in the data 

set, and the original data can safely be used in subsequent analyses (Joshi 2010). 

 

5.2.2.1.3 Stage 3: Model descriptives 

Composite variables were created for all of the formative and reflective constructs to 

enable analysis and comparison of the descriptive statistics for each construct. The 
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mean value, mode and standard deviation of each construct were examined and 

reported. 

 

5.2.2.1.4 Stage 4: Measurement model fit 

The measurement model consists of the loadings from the retained measurement items 

onto each construct and non-directional correlations between the constructs.  Anderson 

and Gerbing (1988) recommend that the measurement model fit is assessed before 

causal relationships are examined in the structural model. There are several goodness-

of-fit tests available to assess the degree to which the variance-covariance matrix 

estimated by the model (in this case, the measurement model) replicates the variance-

covariance matrix derived from the sample (Cunningham 2008). Hair et al.(2006) 

recommend using the chi-square statistic, as well as at least one additional absolute fit 

index and at least one incremental fit index to assess model fit. Absolute fit indices 

assess how well the specified model reproduces the sample data (Cunningham 2008), 

whereas incremental fit indices measure how much better the proposed model fits the 

sample than an independence model (a null model in which all variables are assumed to 

be uncorrelated). Iacobucci (2010) suggests the use of the standardised root mean 

square error (SRMR) as the additional absolute fit index and the comparative fit index 

(CFI) as the incremental fit index, while Bagozzi (2010) recommends supplementing 

these with the root mean square error of approximation (RMSEA) and the  Tucker 

Lewis index (TLI). Each of these is discussed. 

 

The chi-square test uses the null hypothesis that there is a difference between the 

variance-covariance matrix observed from the sample and the matrix estimated from the 

model (Fornell and Larcker 1981). Thus, a p-value of greater than 0.05 is desirable, as 

the larger the p-value, the smaller the difference between the matrices. The chi-square 
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test is the only fit index that allows hypothesis testing, rather than the use of a heuristic, 

therefore it is desirable to include it in the analysis (Iacobucci 2010). It is, however, 

sensitive to both the sample size and the number of observed variables (Hair et al. 

2006), leading researchers to report the normed chi-square, where values of less than 

three are considered a good fit (Marsh and Hocevar 1985). Additionally, it is necessary 

to use other statistics to reliably evaluate the model fit.  

 

The root mean square error of approximation (RMSEA) is another absolute fit index 

but, unlike chi-square, RMSEA accounts for both model complexity and sample size. It 

is also relatively sensitive to model misspecification (Hu and Bentler 1998; 

Cunningham 2008). It is a “badness-of-fit” measure and therefore lower values indicate 

a better fit. RMSEA values of 0.05 or less are considered to represent close fit, and 

values of between 0.05 and 0.08 reflect a reasonable fit (Browne and Cudeck 1993)   

 

Like RMSEA, SRMR is a ‘badness-of-fit’ index. It is calculated by taking the square 

root of the average difference between the observed and predicted matrix values 

(Iacobucci 2010). Iacobucci (2010) recommends the use of SRMR because of its 

relative tolerance of violations of normality. Bagozzi (2010) recommends a maximum 

cut-off of 0.07 for SRMR to indicate reasonable fit.  

 

The Goodness-of-Fit Index (GFI) was also examined as it is one of the most commonly 

cited fit indices (Cunningham 2008). It estimates the relative amounts of covariance in 

the constructs that is accounted for by the model. GFI values range between 0 and 1, 

and values greater than 0.95 are considered to demonstrate good fit. However, despite 

its popularity, GFI has been shown to be insensitive to model misspecification (Hu and 
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Bentler 1998). For this reason, we have chosen to represent GFI only in conjunction 

with RMSEA and SRMR, more reliable indices.   

 

The comparative fit index (CFI) is widely used as an incremental fix index because it 

attempts to account for model complexity (Iacobucci 2010). It is also relatively 

insensitive to sample size, provided that a minimum sample of 50 is achieved 

(Iacobucci 2010). CFI values fall between 0 and 1, and values of less than 0.90 tend to 

indicate poor fit. Bagozzi (2010) recommends that the CFI should be 0.95 or greater to 

indicate good fit. Again, it is one of the mostly commonly cited incremental fit indices, 

but there is disagreement over its reliability (Cunningham 2008). Given this, the Tucker 

Lewis Index (TLI) was assessed as well, as it is sensitive to model misspecification and 

is relatively independent of sample size (Hu and Bentler 1998). The TLI has an 

approximate range of between 0 and 1. Values of 0.95 or greater are preferred (Bagozzi 

2010); however, values exceeding 1 may suggest over-fitting of the model 

(Cunningham 2008). 

 

5.2.2.1.5 Stage 5: Testing the structural models 

The structural model consists of the loadings from the latent constructs to their observed 

indicators and directional, hypothesized relationships between the constructs.  The three 

proposed models (TRA, TPB and MGB; shown in Figure 5.1) were assessed for 

acceptable fit. Chi-square difference tests were then performed to assess which of the 

three best represented the data.  

 

Model fit was assessed in the same way as in CFA, focusing on the chi-square value, 

RMSEA, SRMR, GFI, TLI and CFI for each of the three models (TRA, TPB and 

MGB). However, it is also necessary to examine the individual parameter estimates to 
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ensure that they support the hypothesised relationships. The parameter estimate should 

have statistical significance, be in the hypothesised direction, and be non-trivial based 

on the standardised loading estimates (Hair et al. 2006).  

 

Squared multiple correlations were also computed to assess the models ability to 

explain endogenous constructs. Squared multiple correlations estimate how well an item 

measures a construct by measuring the proportion of variance accounted for by a latent 

factor (Hair et al. 2006). 

 

As the three models were nested models, chi-square difference tests were performed to 

assess which model fitted the data best, given differences in the degrees of freedom. The 

chi-square difference statistic was computed by taking the chi-square goodness-of-fit 

statistic of the more complex model from that of the simpler model (Werner and 

Schermelleh-Engel 2010). Similarly, the degrees of freedom for the difference test were 

computed by taking the degrees of freedom for the more complex model from that of 

the simpler model (Werner and Schermelleh-Engel 2010). If the chi-square statistic is 

significant, the more complex model fits the data better, whereas a non-significant result 

indicates that the simpler model fits the data equally as well as the more complex model 

(Werner and Schermelleh-Engel 2010). 

 

5.2.2.2 Latent class regression analysis 

Latent class regression analysis (LCR) was used to determine whether the sample 

population was homogenous in terms of their relationships between the independent and 

outcome variables, or whether respondents could be classified into different groups 

based on differences in these relationships. LCR analysis identifies these distinct 

segments (also referred to as groups or classes) and builds a model for each segment 
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(Garver et al. 2008). The beta parameters of the model vary between segments and 

segment membership is determined based on these differences in parameters (Garver et 

al. 2008). This allows researchers to more accurately characterise the sample population 

(Dillon and Kumar 1994). Latent Gold 4.5 (Statistical Innovations, MA) was used to 

perform the LCR. 

 

LCR was performed for both the TPB and MGB models. Models containing between 1 

and 4 classes were estimated, as recommended by Magidson and Vermunt (2004). The 

Bayesian Information Criterion (BIC) was used to select the model which best 

represented the population, with lower BIC values indicating better fit (Wedel and 

DeSarbo 1994). Wald statistics and their associated p-values were examined to see 

which independent variables had a significant influence on intentions (Magidson and 

Vermunt 2004). The Wald (=) statistics and associated p-values were examined to 

assess whether differences in the beta parameters across segments for any independent 

variables were significant (Magidson and Vermunt 2004). Finally, the beta parameters 

were examined to assess the magnitude of the influence of each independent variable on 

intentions for each segment (Magidson and Vermunt 2004). 

 

5.2.2.2.1 Indicators of class membership  

Where the beta parameters indicated that differentiation between latent classes may be 

possible in practice, the relationships between class membership and other variables, 

such as background variables and beliefs, were also examined. Independent samples t-

tests were performed to assess the relationships between class membership and 

dichotomous or continuous background variables, such as gender, farming enterprise 

and lamb survival rates. Independent samples t-tests were also used to assess the 

relationships between class membership and the mean strength of beliefs about 
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pregnancy scanning and lamb mortality, and class membership and the construct means. 

One-way ANOVA’s were performed to assess the relationships between class 

membership and background variables with more than two categories, such as age 

group and Australian state. Pearson’s product-moment correlations were used to assess 

the relationship between class membership and property size. 

 

5.2.2.3 Comparison of farmers who used pregnancy scanning with those who did not 

To identify any potential differences in the factors influencing behaviour between 

farmers who used pregnancy scanning and those who did not, a regression analysis was 

run for each group. Regression using the construct composite values was chosen instead 

of grouped SEM due to the small sample sizes (N = 57, N = 111, respectively).  The 

beta parameters and their associated p-values were used to assess which independent 

variables exerted a significant influence on intentions and the magnitude of this 

influence (Hair et al. 2006). 

 

5.2.3 Analysis of the beliefs underlying model constructs 

The data analysis procedures described in this section were used to assess the beliefs 

underlying TPB model constructs to examine whether the model constructs adequately 

captured the related salient beliefs elicited in the qualitative phase.  

 

Each of the 19 belief statements in section 3 of the survey were elicited from the 

qualitative phase to reflect attitudes (3), subjective norms (3), or PBC (13). Since these 

belief statements involve different influences on the model constructs (i.e., formative, 

rather than reflective (Hair et al. 2006)), and the main aim was to assess their influence 

on the related model construct, linear regression was an appropriate method for analysis 

(Hair et al. 2006). The related belief statements were regressed on the composite 
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variables for each construct. Initially, all of the independent variables were entered into 

the equations for attitudes (3), subjective norms (3) and PBC (10). However, high levels 

of multicollinearity between variables can result in inaccurate results (Hair et al. 2006). 

Hair et al. (2006) recommend that tolerance values, an indicator of multicollinearity, 

should be greater than 0.10. Thus, when the tolerance values were below 0.10, stepwise 

regression was used.  

 

For the attitudes regression, the tolerance values ranged from 0.30 to 0.52. This 

indicated that multicollinearity was not a problem and, as such, all of the independent 

variables were retained in the regression. For the subjective norms regression, the 

tolerance values ranged from 0.45 to 0.64. This indicated that multicollinearity was not 

a problem and, as such, all of the independent variables were retained in the regression. 

For the PBC regression, the tolerance values ranged from 0.08 to 0.73. Four of the 13 

tolerance values were below, or very close to, the cut-off of 0.10. As such, stepwise 

regression was used to avoid problems with multicollinearity. The tolerance values of 

the variables used in the stepwise regression ranged from 0.52 to 0.91, indicating that 

multicollinearity was not a problem. 

 

To ensure that the constructs captured the relevant belief statements (i.e. rather than just 

being correlated), the relationships between the 19 belief statements and the construct 

composites, and the intentions composite were assessed. If the constructs did not 

capture the belief statements sufficiently, it was expected that the beliefs statements 

would be shown to have a significant relationship with intentions, with or without the 

construct in question. The tolerance values ranged from 0.07 to 0.66. Four of the 29 

tolerance values were below, or very close to the cut-off of 0.10. As such, stepwise 
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regression was used. The tolerance values of the variables used in the stepwise 

regression ranged from 0.47 to 0.88, indicating that multicollinearity was not a problem. 

 

5.2.4 Summary of the data collection and analysis 

The data required to test the focal models and investigate the factors influencing 

farmers’ decisions to adopt lamb survival strategies was collected using a quantitative 

survey, in both online and mail formats. It was decided that, based on factors including 

the analysis techniques, model complexity, and data distribution, between 150 and 200 

responses were required; 168 completed responses were received. Chi-square tests and 

frequency data were used to determine which strategies farmers use to improve lamb 

survival, and to investigate the use of four general approaches to improving survival 

rates. Structural equation modelling was used to identify the factors influencing 

farmers’ decisions, and to test the ability of the focal models (TRA, TPB and MGB) to 

predict and explain farmers’ decisions to use pregnancy scanning to improve lamb 

survival. Finally, latent class regression was used to identify different segments of 

farmers, based on the relationships between the independent and outcome variables.
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Chapter 6 – Results 

 

6.0 Introduction 

In Chapter 5, the methods used to address the research questions were described. In this 

chapter, the results of the quantitative analysis of the survey data are presented. The 

survey and consequent data analysis were designed to address the following questions:  

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

 

The first research question is examined in Sections 6.1 and 6.2, where the perceived 

effectiveness of general approaches to improving lamb survival rates (Section 6.1) and 

farmers’ current and future use of lamb survival strategies (Section 6.2) are examined. 

The second research question is examined in Sections 6.3 to 6.5. First, the applicability 

of existing decision making models (e.g., Theory of Reasoned Action (TRA), the 

Theory of Planned Behaviour (TPB) and the Model of Goal-directed Behaviour (MGB)) 

to farmers’ decisions is examined (Section 6.3). Then, the possibility of the existence of 

farmer subgroups that differ in their approaches to lamb survival is explored (section 

6.4). In section 6.5, farmers who used pregnancy scanning are compared with farmers 

who did not use pregnancy scanning. Finally, the belief structure that underlies the 

decision model constructs is examined (section 6.6). A brief summary is then provided 

in section 6.7.  

 

6.1 Best-worst analysis of general approaches to improve lamb survival rates 

This section of the survey used best-worst scaling to investigate whether farmers 

perceived relative differences in the effectiveness of each of the listed general 
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approaches. Farmers were asked to indicate which of four general approaches to 

improving lamb survival rates (i.e. genetics, control of predators, feed and nutrition, 

and flock management) they believed to be most effective and least effective.  

 

The means for the perceived relative effectiveness of the four general approaches are 

depicted in Figure 6.1. Using paired t-tests, the feed and nutrition approach was 

perceived to be significantly more effective for improving lamb survival rates (mean = 

0.58) than any of the other three general approaches, including genetics (m = -0.23, t = -

10.85, p < 0.001), control of predators (m = -0.30, t = -11.38, p < 0.001) and flock 

management (m = -0.05, t = 11.14, p < 0.001). Flock management was also perceived to 

be more effective (m = -0.05) than both genetics (m = -0.23, t = -2.33, p = 0.02) and 

control of predators (m = -0.30, t = -3.10, p = 0.002). However, there was no difference 

in the perceived effectiveness of genetics (m = -0.23) and control of predators (m = -

0.30, t = 0.84, p = 0.40). The standard deviations, ranging from 0.50 for feed and 

nutrition to 0.69 for control of predators, indicate reasonable variation between farmers. 

 

6.1.1 Relationships between perceived effectiveness and background variables 

The best-worst scores for each general approach were also examined in relation to a 

series of farmer and farm background variables, including the farmer’s gender, and age, 

and the farm location and enterprise type, to determine whether there were any 

significant differences in perceptions of the effectiveness of each general approach 

across groups.  
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6.1.1.1 Farmer characteristics 

6.1.1.1.1 Gender 

Independent samples t-tests revealed significant differences between males and females 

in their perceptions of the relative effectiveness of genetics and control of predators, but 

not for feed and nutrition or flock management.  Males perceived genetics to be 

significantly more effective (mean = -0.13) than females (m = -0.54, t = 4.07, p < 

0.001). In contrast, females perceived control of predators to be significantly more 

effective (m = -0.03) than males (m = -0.38, t = -2.80, p < 0.006). There were no 

differences between males and females in their perceptions of the relative effectiveness 

of the feed and nutrition approach (m = 0.56; m = 0.62; t = -0.72, p = 0.47) or the flock 

management approach (m = -0.06; m = -0.05; t = -0.05, p = 0.96). 

 

 

Figure 6.1. The mean scores and standard errors for the each general approach, 

derived from the best-worst analysis of their perceived effectiveness at improving 

lamb survival rates. 
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6.1.1.1.2 Age 

There were no significant differences between four age groups (under 35; 35 to 50; 51 

to 65; older than 65) in their perceived effectiveness of the genetics (F = 0.97, p = 0.41), 

control of predators (F = 0.34, p = 0.79), feed and nutrition (F = 1.36, p = 0.26), or 

flock management (F = 2.73, p = 0.03) approaches.  

 

6.1.1.2 Farm characteristics 

6.1.1.2.1 Location 

The state in which the farming enterprise was located had an effect on the perceived 

effectiveness of genetics (F = 2.74, p < 0.02), control of predators (F = 6.21, p < 0.001), 

and flock management (F = 2.36, p = 0.04), but not feed and nutrition (F = 1.18, p = 

0.32). Farmers in Queensland rated the genetics approach as significantly less effective 

(m = -0.56) than farmers in Tasmania (m = 0.29, t = -3.47, p = 0.002), NSW (m = -0.14; 

t = 2.46, p = 0.02), and Victoria (m = -0.17, t = 2.40, p = 0.02), and that farmers in 

South Australia rated genetics as significantly less effective (m = -0.40) than farmers in 

Tasmania (m = 0.29, t = -2.95, p = 0.02). However, no other significant differences 

were found between Australian states for the genetics approach.  

 

Farmers in Queensland rated the control of predators approach as more effective (m = 

0.29) than farmers from all other Australian states (New South Wales = -0.25, t = -2.98, 

p = 0.004; Victoria = -0.45, t = 4.89, p < 0.001; South Australia = -0.64, t = 4.43, p < 

0.001; Western Australia =    -0.25, t = 2.97, p = 0.004; and Tasmania = -0.71, t = 3.59, 

p = 0.001). No other significant differences were found between Australian states in the 

perceived effectiveness of the control of predators approach.   
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South Australian farmers rated the flock management approach as more effective (m = 

0.24) than farmers in NSW (m = -0.18, t = -3.13, p = 0.003), Queensland (m = -0.25, t = 

-2.81, p = 0.01) and Tasmania (m = -0.17, t = 2.12, p = 0.05). No other significant 

differences were found between States in the perceived effectiveness of the flock 

management approach.  

 

6.1.1.2.2 Farming enterprise  

In the survey, farmers were asked to select as many farming enterprises as they felt 

accurately described their farming system. To accommodate this, as discussed in 

Chapter 4, comparisons were made between those farmers that selected an enterprise 

type and those that did not.  

 

Sheep – beef producers perceived control of predators to be significantly more effective 

(m = -0.07) than other farmers (m = -0.36, t = -2.23, p = 0.03), whereas they perceived 

genetics to be significantly less effective (m = -0.55) than other farmers (m = -0.14, t = 

3.41, p = 0.001). There were no differences between sheep – beef producers and other 

farmers in their perceptions of the relative effectiveness of feed and nutrition (m = 0.58; 

m = 0.58; t = -0.08, p = 0.94), or flock management (m = 0.03; m = -0.08; t = -1.14, p = 

0.26). 

 

Wool producers perceived flock management to be significantly more effective (m = 

0.07) than other farmers (m = -0.10, t = -2.02, p = 0.05). There were no differences 

between wool producers and other farmers in their perceptions of the relativeness 

effectiveness of genetics (m = -0.30; m = -0.19; t = 1.02, p = 0.34), control of predators 

(m = -0.44; m = -0.24; t = 1.72, p = 0.09), or feed and nutrition (m = 0.67; m = 0.54; t = 

-1.50, p = 0.14). 
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Superfine wool producers perceived feed and nutrition to be significantly more effective 

(m = 0.79) than other farmers (m = 0.56, t = -2.22, p = 0.04). There were no differences 

between superfine wool producers and other farmers in their perceptions of the relative 

effectiveness of genetics (m = -0.30; m = -0.22; t = 0.40, p = 0.69), control of predators 

(m = -0.52; m = -0.28; t = 1.07, p = 0.29), or flock management (m = 0.03; m = -0.06; t 

= -0.53, p = 0.60).  

 

No significant differences were found for mixed livestock – cropping farmers, fine wool 

producers, and prime lamb producers as compared with other farmers in terms of the 

perceived effectiveness of these different general approaches. Mixed livestock – 

cropping farmers were not significantly different from other farmers for genetics (m = -

0.08; m = -0.27; t = -1.58, p = 0.12), control of predators (m = -0.41; m = -0.27; t = 

1.14, p = 0.26), feed and nutrition (m = 0.61; m = 0.57; t = -0.51, p = 0.61) or flock 

management (m = -0.12; m = -0.03; t = 0.95, p = 0.35). Similarly, fine wool producers 

were not significantly different from other farmers for genetics (m = -0.24; m = -0.22; t 

= 0.14, p = 0.89), control of predators (m = -0.47; m = -0.26; t = 1.47, p = 0.14), feed 

and nutrition (m = 0.63; m = 0.57; t = -0.64, p = 0.52) or flock management (m = 0.08; 

m = -0.08; t = -1.49, p = 0.14). Likewise, prime lamb producers were not significantly 

different from other farmers for genetics (m = -0.16; m = -0.27; t = -1.07, p = 0.28), 

control of predators (m = -0.32; m = -0.29; t = 0.31, p = 0.76), feed and nutrition (m = 

0.57; m = 0.59; t = 0.23, p = 0.82) or flock management (m = -0.09; m = -0.03; t = 0.71, 

p = 0.48). 

 
6.1.1.2.3 Property size 

Property size was positively correlated with the perceived effectiveness of the control of 

predators approach (r = 0.25, p = 0.001). In contrast, property size was negatively 

correlated with the perceived effectiveness of the genetics approach (r = -0.18, p = 
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0.02). There was no relationship between property size and the perceived effectiveness 

of the feed and nutrition and flock management approaches (r = 0.01, p = 0.93; r = -

0.11, p = 0.17, respectively).  

 

6.2 The current and future use of strategies to improve lamb survival rates 

The following section reports the frequencies of farmers’ current and intended future 

use of strategies and describes the significant differences. This allows for comparison of 

the actual use of strategies and general approaches with the perceived effectiveness of 

these general approaches (as described in section 6.1). After this, differences in the 

reported current and future use of strategies are explored across geographical locations 

and types of farming enterprises. Finally, a summary of the perceived effectiveness, and 

current use and future use is presented. 

 

6.2.1 Current use of strategies to improve lamb survival rates  

Farmers commonly used multiple strategies to improve lamb survival rates, with the 

indication of current use of the 26 strategies (including the ‘other’ options) by the 168 

farmers totalling 1679 (refer to Table 6.13 for a detailed overview).  As there were four 

strategies listed under each of the genetics and control of predators approaches, and 

seven under each of the feed and nutrition, and flock management approaches, the 

expected values used in the chi-square tests for each general approach were adjusted to 

take this into account (see Table 6.1).  

 

The frequencies of use of the four general approaches differed from the expected 

frequencies (χ2 = 17.32, df = 3, p < 0.001). The feed and nutrition strategies were 

currently used more than expected (p < 0.01), whereas the flock management strategies 

were used less than expected (p < 0.05; Table 6.1). 
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Table 6.1. Current general approach used to improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Feed and nutrition 565 490.64 11.27 ** 

Flock management 442 490.64           4.82 * 

Control of predators 265 280.36           0.84 

Genetics 270 280.36           0.38 
  Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

Within each general approach, there were differences in the frequency of the use of 

specific strategies; feed and nutrition (χ2 = 81.89, df = 6, p < 0.001), flock management 

(χ2 = 154.11, df = 6, p < 0.001), genetics (χ2 = 51.36, df = 3, p < 0.001) and control of 

predators (χ2 = 48.49, df = 3, p < 0.001). 

 

For feed and nutrition, the strategies “choosing time of lambing based on feed 

availability” and “monitoring and maintaining the condition score of ewes” were used 

more than expected (p < 0.01) and pregnancy scanning to identify twin-bearing ewes 

and use of summer grazing lands were used less than expected (p < 0.01; Table 6.2). 

 

For flock management, the strategies “minimising handling and disturbance during 

lambing”, “use of short mating periods” and “provision of shelter in the form of 

bushland” were used more than expected (p < 0.01), whereas the “use of teasers to 

synchronise ewes prior to mating”, “shearing just before lambing” and “provision of 

shelter in the form of a standing crop or stubbles” were used less than expected (p < 

0.01; Table 6.3). 
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Table 6.2. The current frequency of use of feed and nutrition strategies to improve 

lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Use of summer grazing lands 25 80.71 38.46 ** 

Monitoring and maintaining 
the condition score of ewes 121 80.71 20.11 ** 

Choosing time of lambing 
based on feed availability 117 80.71 16.31 ** 

Pregnancy scanning to identify 
twin-bearing ewes 57 80.71 6.97 ** 

Use of perennial pastures 82 80.71            0.02 

Supplementary feeding ewes 
just before lambing to increase 
colostrum production 82 80.71            0.02 

Pregnancy scanning to identify 
pregnant and dry ewes 81 80.71         < 0.001 

Note: χ2
crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

Table 6.3. The current frequency of use of flock management strategies to improve 

lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Minimising handling and 
disturbance during lambing 119 63.14 49.41 ** 

Provision of shelter in the form 
of a standing crop or stubbles 17 63.14 33.72 ** 

Use of teasers to synchronise 
ewes prior to mating 21 63.14 28.13 ** 

 Use of short mating periods 96 63.14 17.10 ** 

Provision of shelter in the form 
of bushland 92 63.14 13.19 ** 

Shearing just before lambing 35 63.14 12.54 ** 

Mothering up ewes and lambs 62 63.14            0.02 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 
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For genetics, “culling of ewes that do not raise a lamb” was used more than expected (p 

< 0.01), whereas “selection of ewes based on their temperament” (p < 0.01), and “using 

rams from breeds with high survival rates” (p < 0.05) were used less than expected 

(Table 6.4).  

 

Table 6.4. The current frequency of use of genetics strategies to improve lamb 

survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Culling of ewes that do not 
raise a lamb 

117 67.50 36.30 ** 

Selection of ewes based on 
their temperament 

41 67.50 10.40 ** 

 Using rams from breeds 
with high survival rates 

51 67.50 4.03 * 

Selection of ewes based on 
mothering ability 

61 67.50           0.63 

Note: χ2
crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

For control of predators, the strategies “baiting foxes” and “shooting foxes” were used 

more than expected (p < 0.01), while “using alpacas as herd guards” and “culling other 

predators” were used less than expected (p < 0.01; Table 6.5). 
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Table 6.5. The current frequency of use of control of predators strategies to 

improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Shooting foxes 100 66.25 17.19 ** 

Culling other predators 33 66.25 16.69 ** 

Using alpacas as herd guards 44 66.25 7.47 ** 

Baiting foxes 88 66.25 7.14 ** 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

 

6.2.2 Relationships between current use of approaches to improve lamb survival and 

background variables 

The current use of each general approach was examined in relation to farm background 

variables, including farm location and enterprise type, to determine whether there were 

any differences in the frequency of use of the general approaches across groups.  

 

6.2.2.1 State 

After adjusting the expected values to take account of the number of respondents in 

each state, there were no differences between Australian States in the use of each 

general approach; genetics (χ2 = 0.56, df = 5, p = 0.99), control of predators (χ2 = 3.80, 

df = 5, p = 0.58), feed and nutrition (χ2 = 0.10, df = 5, p = 1.00) and flock management 

(χ2 = 0.10, df = 5, p = 1.00). The number of farmers who used at least one strategy in 

each general approach within each State was different for Victoria (χ2 = 8.62, df = 3, p = 

0.04), with the control of predators approach used more than expected (p < 0.05; Table 

6.6), but was not different for any other Australian states: NSW (χ2 = 4.56, df = 3, p = 

0.21), Queensland (χ2 = 4.52, df = 3, p = 0.21), South Australia (χ2 = 1.59, df = 3, p = 
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0.66), Tasmania (χ2 = 1.60, df = 3, p = 0.66) and Western Australia (χ2 = 5.92, df = 3, p 

= 0.12).  

 

Table 6.6. The observed and expected frequencies for the use of the four general 

approaches to improving lamb survival by Victorian farmers, and the associated χ2 

goodness-of-fit statistics. 

 Observed Expected χ2 

Genetics 50 42.12 1.48 

Control of predators 55 42.12 3.94 * 

Feed and nutrition 57 67.38 1.60 

Flock management 57 67.38 1.60 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

6.2.2.2 Farming enterprise 

As farmers were instructed to indicate as many farm enterprise types as were 

appropriate to their farming system, the percentages of farmers in each enterprise type 

equalled more than 100 percent. As a result, it was not possible to accurately calculate 

expected values for the use of general approaches between the different farm enterprise 

types. 

 

Due to the low numbers of farmers who indicated they produced wool, superfine wool 

and fine wool, these categories were combined, so the final analysis was carried out for 

wool production, generally. There were no differences in the numbers of farmers who 

used at least one strategy from each general approach within the mixed livestock – 

cropping (χ2 = 4.09, df = 3, p = 0.25), wool production (χ2 = 2.88, df = 3, p = 0.41),  

prime lamb production (χ2 = 6.70, df = 3, p = 0.08), mixed sheep – beef production (χ2 = 

2.69, df = 3, p = 0.44), and other (χ2 = 1.92, df = 3, p = 0.59) enterprises.  
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6.2.3 Future use of strategies to improve lamb survival rates 

Farmers also commonly intended to use multiple strategies in the future, with the 

indication of intended future use of the 26 strategies (including the ‘other’ options) by 

the 168 farmers totalling 1334 (refer to Table 6.13 for a detailed overview).  The 

genetics strategies were considered more than expected (p < 0.05), while the flock 

management strategies were considered less than expected (p < 0.01; Table 6.7). 

 

Table 6.7. Possible future general approaches used to improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Flock management 334 402.18 11.56 ** 

Genetics 268 229.82 6.34 * 

Feed and nutrition 441 402.18             3.75 

Control of predators 221 229.82             0.34 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

Within each general approach, there were significant differences in the use of individual 

strategies; flock management (χ2 = 38.84, df = 6, p < 0.001), control of predators (χ2 = 

33.71, df = 3, p < 0.001), feed and nutrition (χ2 = 27.81, df = 6, p < 0.001) and genetics 

(χ2 = 12.66, df = 3, p = 0.01).  

 

For flock management, “use of short mating periods” (p < 0.01), “minimising handling 

and disturbance during lambing” (p < 0.05), and “provision of shelter in the form of 

bushland” (p < 0.05) were considered more than expected and “shearing just before 

lambing” (p < 0.01) and “use of teasers to synchronise ewes prior to mating” (p < 0.05) 

were considered less than expected (Table 6.8). For control of predators, “shooting 

foxes” and “baiting foxes” were considered more than expected (p < 0.05; p < 0.01, 
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respectively), whereas “culling other predators” was considered less than expected (p < 

0.01; Table 6.9). For feed and nutrition, “use of summer grazing lands” was considered 

less than expected (p < 0.01; Table 6.10). For genetics, “culling of ewes that do not 

raise a lamb” was considered more than expected (p < 0.01), whereas selection of ewes 

based on their temperament was considered less than expected (p < 0.05; Table 6.11). 

 

Table 6.8. The intended frequency of future use of flock management strategies to 

improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Shearing just before lambing 24 47.71 11.79 ** 

Use of short mating periods 70 47.71 10.41 ** 

Minimising handling and 
disturbance during lambing 64 47.71 5.56 * 

Use of teasers to synchronise 
ewes prior to mating 33 47.71 4.54 * 

Provision of shelter in the form 
of bushland 62 47.71 4.28 * 

Provision of shelter in the form 
of a standing crop or stubbles 39 47.71            1.59 

Mothering up ewes and lambs 42 47.71            0.68 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 
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Table 6.9. The intended frequency of future use of control of predators strategies to 

improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Culling other predators 26 55.25 15.49 ** 

Baiting foxes 81 55.25 12.00 ** 

Shooting foxes 70 55.25 3.94 * 

Using alpacas as herd guards 44 55.25            2.29 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

Table 6.10. The intended frequency of future use of feed and nutrition strategies to 

improve lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Pregnancy scanning to identify 
pregnant and dry ewes 70 63            0.78 

Pregnancy scanning to identify 
twin-bearing ewes 71 63            1.02 

Choosing time of lambing 
based on feed availability 70 63            0.78 

Use of perennial pastures 60 63            0.14 

Use of summer grazing lands 26 63 21.73 ** 

Supplementary feeding ewes 
just before lambing to increase 
colostrum production 67 63           0.25 

Monitoring and maintaining 
the condition score of ewes 77 63          3.11 

Note: χ2
crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 
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Table 6.11. The intended frequency of future use of genetics strategies to improve 

lamb survival rates 

Strategies Observed N Expected N χ2 goodness of fit 

Culling of ewes that do not 
raise a lamb 89 67 7.22 ** 

Selection of ewes based on 
their temperament 49 67          4.84 * 

 Using rams from breeds 
with high survival rates 61 67          0.54 

Selection of ewes based on 
mothering ability 69 67          0.06 

Note: χ2
crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

6.2.4 Relationships between future use of general approaches to improving lamb 

survival and background variables 

The intended future use of each general approach was examined in relation to farm 

background variables, including farm location and enterprise type, to determine whether 

there were any differences in the frequency of intended future use of the general 

approaches across groups.  

 

6.2.4.1 State 

After adjusting the expected values to take account of the number of respondents in 

each state, there were no differences between Australian States in the use of the genetics 

(χ2 = 0.54, df = 5, p = 0.99), control of predators (χ2 = 2.99, df = 5, p = 0.70), feed and 

nutrition (χ2 = 0.85, df = 5, p = 0.97) and flock management (χ2 = 0.37, df = 5, p = 1.00) 

approaches. However, the number of farmers who would consider the future use of at 

least one strategy in each general approach within each State was different for Victoria 

(χ2 = 13.26, df = 3, p = 0.004), with the genetics approach considered more than 

expected (p < 0.05; Table 6.12), but was not different for any other Australian states: 
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NSW (χ2 = 5.68, df = 3, p = 0.13), Queensland (χ2 = 5.20, df = 3, p = 0.16), South 

Australia (χ2 = 1.26, df = 3, p = 0.74), Tasmania (χ2 = 2.43, df = 3, p = 0.49) and 

Western Australia (χ2 = 6.53, df = 3, p = 0.09).  

 

Table 6.12. The observed and expected frequencies for the future consideration of 

the four general approaches to improving lamb survival by Victorian farmers, and 

the associated χ2 goodness-of-fit statistics. 

 Observed Expected χ2 

Genetics 49 34.42 6.17 * 

Control of predators 43 34.42 2.14 

Feed and nutrition 45 55.08 1.84 

Flock management 42 55.08 3.10 
Note: χ2

crit = 3.84 for * p<0.05; 6.64 for ** p<0.01 

 

6.2.4.2 Farming enterprise 

As farmers were instructed to indicate as many farm enterprise types as were 

appropriate to their farming system, the percentages of farmers in each enterprise type 

equalled more than 100 percent. As a result, it was not possible to accurately calculate 

expected values for the use of general approaches between the different farm enterprise 

types.  

 

Due to the low numbers of farmers who indicated they produced wool, superfine wool 

or fine wool, these categories were combined, so the final analysis on the numbers of 

farmers using each approach across enterprises was carried out for wool production 

generally. There were no differences in the numbers of farmers who used at least one 

strategy from each general approach within the mixed livestock – cropping (χ2 = 5.84, df 

= 3, p = 0.12), wool production (χ2 = 4.84, df = 3, p = 0.18),  prime lamb production (χ2 
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= 5.67, df = 3, p = 0.12), mixed sheep – beef production (χ2 = 3.63, df = 3, p = 0.30), 

and other (χ2 = 1.14, df = 3, p = 0.77) enterprises.  

 

Table 6.13. The numbers of respondents (n=168) who indicated that they currently 

use, or would consider the future use, of each strategy to improve lamb survival 

rates. 

 
Current 
use Future use 

Genetics   

Culling of ewes that do not raise a lamb 117 89 

Selection of ewes based on mothering ability 61 69 

Selection of ewes based on their temperament 41 49 

 Using rams from breeds with high survival rates 51 61 

Other  28 13 

Control of predators   

Use of alpacas as herd guards 44 44 

Baiting foxes 88 81 

Shooting foxes 100 70 

Culling other predators 33 26 

Other  42 23 

Feed and nutrition   

Pregnancy scanning to identify pregnant and dry 
ewes 81 70 

Pregnancy scanning to identify twin-bearing ewes 57 71 

Choosing time of lambing based on feed 
availability 117 70 

Use of perennial pastures 82 60 

Use of summer grazing lands 25 26 

Supplementary feeding ewes just before lambing 
to increase colostrum production 82 67 

Monitoring and maintaining the condition score of 121 77 
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ewes 

Other 24 14 

Flock management   

mothering up ewes and lambs 62 42 

minimising handling and disturbance during 
lambing 119 64 

 use of short mating periods 96 70 

use of teasers to synchronise ewes prior to mating 21 33 

shearing just before lambing 35 24 

provision of shelter in the form of bushland 92 62 

provision of shelter in the form of a standing crop 
or stubbles 17 39 

other  43 20 

None of the above 2 12 
 

6.2.5 Summary of approach effectiveness and the current and future strategy use 

Sections 6.2 and 6.3 presented information about farmers’ perceptions of approach 

effectiveness, as well as the current and intended future use of a list of general 

approaches and strategies within each general approach. In this section, the results are 

summarised by general approach to clarify the findings. 

 

Feed and nutrition was clearly considered to be the most effective general approach for 

improving lamb survival rates. This general approach was currently used more often 

than any other general approach, and is considered for future use more often. Superfine 

wool producers perceived feed and nutrition to be more effective than other farmers. 

 

Flock management was considered to be the second-most effective general approach for 

improving lamb survival rates. The flock management approach also ranked second in 

terms of both current use and intended future use, although in both cases, use was less 
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than expected. South Australian farmers perceived flock management to be more 

effective than farmers in NSW, Queensland and Tasmania, and wool producers 

perceived flock management to be more effective than other farmers. 

 

Control of predators and genetics were perceived to be the least effective general 

approaches for improving lamb survival. The control of predators approach had the 

lowest current use and the lowest intended future use. Female farmers perceived control 

of predators to be more effective than male farmers, and mixed sheep – beef producers 

perceived it as more effective than other farmers. Farmers in Queensland perceived 

control of predators to be more effective than farmers from all other Australian states, 

although Victorian farmers actually used the control of predators approach more than 

expected. 

 

Although genetics was perceived to be one of the least effective general approaches for 

improving lamb survival rates, the intended future use of genetics was higher than 

expected.  This suggests that there may be a change in the observed frequencies of 

strategy use in the future, with genetics strategies becoming more popular. In fact, 

Victorian farmers considered the future use of genetics more than any other general 

approach. Male farmers perceived genetics to be more effective than female farmers, 

but mixed sheep – beef producers perceived it to be less effective than other farmers. 

Likewise, Queensland farmers perceived genetics as less effective than farmers from all 

other Australian states, and South Australian farmers perceived it to be less effective 

than Tasmanians.  
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6.3 Analysis of intentions to implement pregnancy scanning 

This section presents the results of the analyses used to address the second research 

question. To test the effectiveness of the existing models (i.e. the TRA, TPB and MGB) 

to account for variation in intentions to implement pregnancy scanning, four stages of 

analysis were necessary. In section 6.3.1, the data preparation is reported. In section 

6.3.2, the measurement properties in each construct are reported, including the 

unidimensionality, convergent validity, reliability and discriminant validity. The 

descriptive statistics of the resulting constructs are presented in section 6.3.3. In section 

6.3.4, the measurement model fit statistics for the TRA, TPB and MGB are reported. In 

section 6.3.5, the structural model fit for each model is reported. 

 

6.3.1 Stage 1: Data preparation 

The dataset was assessed for missing data, outliers and normality. The procedures and 

criteria used are outlined in section 5.2.2.1.1.  

 

6.3.2 Stage 2: Assessing measurement properties of constructs 

6.3.2.1 Unidimensionality 

In the following section, the χ2 goodness-of-fit is used to assess the items that supported 

a unidimensional fit. Additionally, all of the fit indices, including RMSEA, RMR, GFI, 

CFI and TLI, were supportive of unidimensional fit and are shown in Table 6.24. 

 

Attitudes 

Unidimensionality was supported for attitudes towards the use of pregnancy scanning, 

when three of the five indicators were retained. The CFA on attitudes was initially 

performed using a one-factor congeneric model with all five initial indicators. However, 

this model did not fit the data well (χ2 = 39.12; df = 5, p < 0.001). The modification 
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indices were examined, following the procedures outlined in section 5.2.2.1, to alter the 

model iteratively until adequate fit was achieved, as described in Chapter 5. The items 

“foolish – wise” and “unnecessary – necessary” were removed, in that order, based on 

high modification indices. The final model was tested in a pair with positive anticipated 

emotions as the retention of only three items left insufficient degrees of freedom to test 

the construct in isolation. This final model indicated good fit (χ2 = 16.07; df = 13, p = 

0.25). The standardised regression weights for the retained items were also well above 

the recommended 0.6 or greater (Hair et al. 2006), ranging from 0.92 to 0.96. The 

retained indicators for the attitudes construct are shown in table 6.15. 

 

Table 6.15 The retained indicators, and their associated standardised regression 

weights, for the attitudes construct. 

  Std. regression weights 

1 I think that implementing pregnancy scanning during the next 
lambing season would be bad - good 

0.96 

2 I think that implementing pregnancy scanning during the next 
lambing season would be ineffective - effective 

0.95 

3 I think that implementing pregnancy scanning during the next 
lambing season would be harmful - beneficial 

0.92 

Note: 0.6 was used as the minimum allowable standardised regression weight. 

Positive anticipated emotions 

Unidimensionality was supported for positive anticipated emotions (PAE), when three 

of the six indicators were retained.  The CFA on PAE was initially performed using a 

one-factor congeneric model with all five initial indicators. However, this model did not 

fit the data well (χ2 =56.69, df = 9, p < 0.001). The modification indices were examined 

to alter the model iteratively until adequate fit was achieved. The items “proud”, 

“satisfied” and “happy” were removed, in that order, based on high modification 

indices. The final model was tested in a pair with attitudes, as the retention of only three 
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items left insufficient degrees of freedom to test the model in isolation. This final model 

indicated good fit (χ2 = 10.92, df = 8, p = 0.21). The standardised regression weights for 

the retained items were also well above the recommended 0.6 or greater (Hair et al. 

2006),  ranging from 0.89 to 0.99. The retained indicators for the PAE construct are 

shown in Table 6.16. 

 

Table 6.16. The retained indicators, and their associated standardised regression 

weights, for the PAE construct. 

  Std. regression 
weights 

1 If I am able to implement pregnancy scanning during the 
next lambing season, I will feel relieved. 

0.89 

2 If I am able to implement pregnancy scanning during the 
next lambing season, I will feel delighted. 

0.96 

3 If I am able to implement pregnancy scanning during the 
next lambing season, I will feel glad. 

0.99 

 

Negative anticipated emotions 

Unidimensionality was supported for negative anticipated emotions (NAE), when four 

of the six indicators were retained.  The CFA on NAE was initially performed using a 

one-factor congeneric model with all six initial indicators. However, this model did not 

fit the data well (χ2 = 110.00, df = 9, p < 0.001). The modification indices were 

examined to alter the model iteratively until adequate fit was achieved. The items 

“disappointed” and “frustrated” were removed, in that order, based on high modification 

indices. The final model indicated good fit (χ2 = 0.773, df = 2, p = 0.68). The 

standardised regression weights for the retained items were also well above the 

recommended 0.6 or greater (Hair et al. 2006),  ranging from 0.80 to 0.98. The retained 

indicators for the NAE construct are shown in Table 6.17. 
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Table 6.17. The retained indicators, and their associated standardised regression 

weights, for the NAE construct. 

  Std. regression 
weights 

1 If I am unable to implement pregnancy scanning during the 
next lambing season, I will feel nervous. 

0.96 

2 If I am unable to implement pregnancy scanning during the 
next lambing season, I will feel anxious. 

0.98 

3 If I am unable to implement pregnancy scanning during the 
next lambing season, I will feel worried. 

0.95 

4 If I am unable to implement pregnancy scanning during the 
next lambing season, I will feel guilty. 

0.80 

 

Subjective norms 

Unidimensionality was supported for subjective norms, when three of the six indicators 

were retained.  The CFA on subjective norms was initially performed using a one-factor 

congeneric model with all six inital indicators. However, this model did not fit the data 

well (χ2 = 283.26, df = 9, p < 0.001). The modification indices were examined to alter 

the model iteratively until adequate fit was achieved. The items “my farm advisor thinks 

I should not – should implement pregnancy scanning during the next lambing season”, 

“my peers (e.g., other farmers) would disapprove – approve of me implementing 

pregnancy scanning during the next lambing season” and “my farm advisor would 

disapprove – approve of me implementing pregnancy scanning during the next lambing 

season” were removed, in that order, based on high modification indices. The final 

model indicated good fit (χ2 = 10.75, df = 8, p = 0.23). The standardised regression 

weights for the retained items were also well above the recommended 0.6 or greater 

(Hair et al. 2006). The retained indicators for the subjective norms construct are shown 

in Table 6.18. 
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Table 6.18. The retained indicators, and their associated standardised regression 

weights, for the subjective norms construct. 

  Std. regression weight

1 My family think I should – should not implement 
pregnancy scanning during the next lambing season 

0.89 

2 My peers think I should – should not implement 
pregnancy scanning during the next lambing season 

0.64 

3 My family would disapprove – approve of me 
implementing pregnancy scanning during the next lambing 
season 

0.86 

 

Perceived behavioural control  

Unidimensionality was supported for perceived behavioural control (PBC), when two 

of the three indicators were retained.  The CFA on PBC was performed in a pair with 

self-efficacy, using all three initial indicators for PBC, as there were insufficient degrees 

of freedom to test the construct in isolation. However, this model did not fit the data 

well (χ2 = 32.32, df = 13, p = 0.002). The modification indices were examined to alter 

the model iteratively until adequate fit was achieved. The item “How much do you feel 

that whether you implement pregnancy scanning during the next lambing season is 

beyond your control (where 1 = not at all and 7 = very much)?” was removed based on 

a standardised regression weight of -0.17, below the recommended minimum of 0.6. 

The final model indicated good fit (χ2 = 2.94, df = 4, p = 0.57). The standardised 

regression weights for the retained items were also well above the recommended 0.6 or 

greater (Hair et al. 2006),  ranging from 0.75 to 0.94. The retained indicators for the 

PBC construct are shown in Table 6.19. 
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Table 6.19. The retained indicators, and their associated standardised regression 

weights, for the PBC construct. 

  Std. regression weight

1 Whether or not I implement pregnancy scanning during the 
next lambing season is entirely up to me. 

0.75 

2 How much personal control do you feel you have over 
implementing pregnancy scanning during the next lambing 
season? (no control – total control) 

0.94 

 

Self-efficacy 

Unidimensionality was supported for self-efficacy, when three of the four initial 

indicators were retained.  The CFA on self-efficacy was performed in a pair with PBC. 

However, this model did not fit the data well (χ2 = 32.32, df = 13, p = 0.002).  The 

modification indices were examined to alter the model iteratively until adequate fit was 

achieved. The item “To what extent do you see yourself being capable of implementing 

pregnancy scanning during the next lambing season (where 1 = not at all and 7 = very 

capable)?” was removed, based on a high modification index. The final model indicated 

good fit (χ2 = 2.94, df = 4, p = 0.57). The standardised regression weights for the 

retained items were also well above the recommended 0.6 or greater (Hair et al. 2006),  

ranging from 0.84 to 0.93. The retained indicators for the self-efficacy construct are 

shown in Table 6.20. 

 

Social identity 

Social identity was tested as a second-order construct, indicated by three first-order 

factors: self-categorisation, affective commitment, and group-based self-esteem. They 

were tested together, as each had only two indicators, leaving insufficient degrees of 

freedom to test them separately. The CFA showed that the model displayed adequate fit 

(χ2 = 11.71, df = 6, p = 0.07) and thus all items were retained.  The standardised 
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regression weights for the items used to indicate the first-order factors were also above 

the recommended 0.6 or greater (Hair et al. 2006),  ranging from 0.65 to 0.98. The 

standardised regression weights for the first-order factors used to indicate social identity 

ranged from 0.65 for self-categorisation to 0.93 for affective commitment. The items 

used to measure social identity are shown in Table 6.21. 

 

Table 6.20. The retained indicators, and their associated standardised regression 

weights, for the self-efficacy construct. 

  Std. regression weight 

1 I believe I have the ability to implement pregnancy 
scanning during the next lambing season. 

0.93 

2 If it were entirely up to me, I am confident that I would be 
able to implement pregnancy scanning during the next 
lambing season. 

0.90 

3 How confident are you that you will be able to implement 
pregnancy scanning during the next lambing season? (not 
at all – very confident) 

0.84 

 

Desire 

Unidimensionality was supported for the three items used to measure the desire 

construct. The CFA was performed in a pair with PAE, as there were only three 

indicator items for desire, leaving insufficient degrees of freedom to test the construct in 

isolation.  

The model indicated good fit (χ2 = 11.02, df = 13, p = 0.61). The standardised regression 

weights for the items were also well above the recommended 0.6 or greater (Hair et al. 

2006),  ranging from 0.96 to 1.00. The retained indicators for the desire construct are 

shown in Table 6.22. 
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Table 6.21. The items used to measure the second-order factor social identity, the 

first-order factors onto which they load, and their standardised regression weights.  

   Std. regression 
weight 

1 Self-
categorisation 

How would you express the degree of 
overlap between your personal identity 
and the identity of the farmer described 
above? (diagram: Far apart – complete 
overlap) 

0.98 

2 Self-
categorisation 

Please indicate to what degree your 
personal identity overlaps with the 
identity of the farmer described above as 
you perceive it. (Not at all – very much). 

0.65 

3 Affective 
commitment 

How attached are you to the farmers you 
described above? (Not at all – very 
much). 

0.95 

4 Affective 
commitment 

How strong would you say your feelings 
of belongingness are toward the farmer 
you described above? (Not at all strong 
– very strong). 

0.96 

5 Group-based 
self-esteem 

I am a valuable peer of the farmer I 
described above. (Does not describe me 
well at all – describes me very well). 

0.97 

6 Group-based 
self-esteem 

I am an important peer of the farmer I 
described above. (Does not describe me 
well at all – describes me very well). 

0.93 

 

Intentions 

Unidimensionality was supported for intentions towards the use of pregnancy scanning, 

when two of the three indicators were retained. The CFA for intentions was performed 

in a pair with desire, as there were only three indicator items for intentions, leaving 

insufficient degrees of freedom to test the construct in isolation. However, this model 

did not fit the data well (χ2 = 49.29, df = 8, p < 0.001). The modification indices were 

examined to alter the model iteratively until adequate fit was achieved. The item “I will 

try to implement pregnancy scanning in the next lambing season” was removed, based 
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on a high modification index. This final model indicated good fit (χ2 = 7.77, df = 4, p = 

0.10). The standardised regression weights for the retained items were also well above 

the recommended 0.6 or greater (Hair et al. 2006), and were 1.00 in both cases. The 

retained indicators for the attitudes construct are shown in table 6.23. 

 

Table 6.22. The retained indicators, and their associated standardised regression 

weights, for the desire construct. 

  Std. regression weight

1 I want to implement pregnancy scanning during the next 
lambing season. (Does not describe me well at all – 
describes me very well). 

0.97 

2 I desire to implement pregnancy scanning during the next 
lambing season. (Disagree - agree). 

1.00 

3 My desire for implementing pregnancy scanning during the 
next lambing season can be described as very weak desire 
– very strong desire. 

0.96 

 

 

Table 6.23. The retained indicators, and their associated standardised regression 

weights, for the intentions construct. 

  Std. regression weight 

1 I intend to implement pregnancy scanning in the next lamb 
season. (Definitely do not – definitely do).  

1.00 

2 I plan to implement pregnancy scanning in the next lamb 
season. (Definitely do not – definitely do). 

1.00 

 

As can be seen in Table 6.24, all of the fit statistics support the final construct 

unidimensionality, in accordance with the rules of thumb described in section 5.2.2.1.4. 
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Table 6.24. The fit indices for the final iterations of each construct. 

Construct χ2 
statistic 

χ2 p-
value 

RMSEA* RMR* GFI* CFI* TLI* 

Attitudes 16.07 0.25 0.04 0.05 0.97 1.00 1.00 

PAE 10.92 0.21 0.05 0.06 0.98 1.00 1.00 

NAE 0.77 0.68 0.00 0.02 1.00 1.00 1.00 

Subjective 
norms 10.75 0.23 0.04 0.06 0.98 1.00 1.00 

PBC 2.94 0.57 0.00 0.03 0.99 1.00 1.01 

Self-efficacy 2.94 0.57 0.00 0.03 0.99 1.00 1.01 

Social 
identity 11.71 0.07 0.08 0.09 0.98 0.99 0.98 

Desire 11.02 0.61 0.00 0.06 0.98 1.00 1.00 

Intentions 7.77 0.10 0.08 0.01 0.98 1.00 1.00 
* RMSEA = root mean square error of approximation, RMR = root mean square 

error, GFI = goodness-of-fit index, CFI = comparative fit index and TLI = 

Tucker-Lewis index. These fit indices are described in more detail in section 

5.2.2.1.4. 

 

6.3.2.2 Convergent validity 

The Average Variance Extracted (AVE) values for each construct were all above the 

recommended minimum of 0.5 (Hair et al. 2006), ranging from 0.64 to 0.99 (Table 

6.25).  This indicates that all constructs displayed convergent validity. 

 

6.3.2.3 Construct reliability 

All constructs had a CR value of greater than 0.7, as recommended by Hair et al. 

(2006), ranging from 0.81 to 1.00 (see Table 6.25). This indicates that all constructs 
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displayed adequate reliability, with the measurement items adequately reflecting their 

respective constructs.  

 

Table 6.25. The Average Variance Extracted (AVE) and reliability values for each 

construct in the MGB. 

 

 

6.3.2.4 Discriminant validity 

All constructs displayed adequate discriminant validity, with squared correlation 

estimates being lower than the AVE values, as recommended by Hair et al. (2006), with 

the exceptions of desires and intentions (see Table 6.26). The squared correlation 

estimate between desire and intentions was 0.89, which was larger than the smallest 

AVE value of 0.64. This indicates that there was insufficient discriminant validity 

between desire and intentions (i.e. that these constructs overlap). Consequently, it was 

Construct AVE Reliability 

Attitudes 0.89 0.96 

PAE 0.90 0.97 

NAE 0.85 0.96 

Subjective norms 0.64 0.84 

PBC 0.72 0.84 

Self-efficacy 0.79 0.92 

Self-categorisation 0.69 0.81 

Affective commitment 0.91 0.96 

Group-based 

self-esteem 0.90 0.95 

Desire 0.95 0.98 

Intentions 0.99 1.00 
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decided to exclude desire from the final analysis and use intentions, as intentions is a 

well-established construct and common to all three models.  

 

Discriminant validity for the observed constructs, frequency and recency of past 

behaviour, was assessed by examining their correlations with the other constructs in the 

model. The correlations between frequency and recency of past behaviour and the other 

constructs were all below 0.8, suggesting that discriminant validity was achieved (see 

Table 6.27). 
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Table 6.26. The AVE scores and correlation estimates for each construct. 

  AVE Attitudes SN PBC 
Self-
efficacy PAE NAE Self-cat. 

Aff. 
comm. G-b S-e Desire 

Attitudes 0.89                    

SN 0.64 0.44                  

PBC 0.72 0.08 0.08                

Self-efficacy 0.79 0.18 0.25 0.28              

PAE 0.84 0.45 0.37 0.02 0.10            

NAE 0.85 0.15 0.14 0.00 0.03 0.28          

Self-categorisation 0.69 0.01 0.01 0.08 0.09 0.00 0.01        

Affective commitment 0.91 0.01 0.02 0.01 0.02 0.01 0.01 0.25      

Group-based self-
esteem 0.90 0.02 0.02 0.08 0.02 0.00 0.00 0.18 0.37    

Desire 0.95 0.50 0.51 0.05 0.20 0.56 0.28 0.03 0.01 0.00  

Intentions 0.99 0.45 0.46 0.04 0.27 0.51 0.29 0.02 0.01 0.00 0.89 * 
* Denotes cases where correlation value is higher than the AVE and thus there is no discriminant validity. 
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Table 6.27. The correlations between frequency (Frequency PB) and recency of 

past behaviour (Recency PB) with the reflective constructs in the MGB. 

 Frequency PB Recency PB 

Attitude 0.44 -0.33 

PAE 0.48 -0.39 

NAE 0.41 -0.39 

Subjective norm 0.50 -0.39 

PBC 0.25 -0.19 

Self-efficacy 0.50 -0.41 

Desire 0.61 -0.59 

Intention 0.68 -0.65 

Social identity 0.18 -0.07 

Self-categorisation 0.08 0.08 

Affective commitment 0.14 -0.11 

Group-based self-
esteem 

0.23 -0.13 

Frequency PB 1 -0.77 

Recency PB -0.77 1 
 

6.3.2.5 Common method variance 

The correlations between each of the 27 retained items ranged from r = 0.001 to r = 

0.99, and the second lowest correlation equalled 0.002. The mean difference between 

the uncorrected correlation and the CMV-corrected correlation was 0.001, and the 

maximum difference was 0.002. Based on this, it seems unlikely that there is a 

significant CMV bias in the data set. Consequently, the original data was used in the 

subsequent analysis. 
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6.3.3 Stage 3: Model descriptives 

Composite variables were created for all of the formative and reflective constructs to 

enable analysis and comparison of the descriptive statistics for each construct (Table 

6.28). Respondents felt strong subjective norms towards the use of pregnancy scanning 

(mean = 5.06, mode = 7), strong PBC over the decision to use pregnancy scanning 

(mean = 6.06, mode = 7), and strong self-efficacy with regards to the use of pregnancy 

scanning (mean = 5.99, mode = 7). They had moderately strong intentions to implement 

pregnancy scanning (mean = 4.93, mode = 7), moderate to strongly positive attitudes 

towards the use of pregnancy scanning (mean = 5.98, mode = 7), moderately strong 

PAE towards the use of pregnancy scanning (mean = 4.80, mode = 7), and moderately 

strong social identity scores (mean = 4.3, mode = 4.5).  Finally, they had low to 

moderate frequency of using pregnancy scanning in the last five years (mean = 3.74, 

mode = 1) and weak NAE towards the use of pregnancy scanning (mean = 3.00, mode = 

1). Overall, the descriptive statistics suggest that the respondents tended to be relatively 

positive about pregnancy scanning in the next lambing season, with reasonable variation 

around the means of each construct (standard deviations ranged from 1.3 to 2.5 on the 

7-point scales). 

 
6.3.4 Stage 4: Measurement model fit 

As described in Chapter 5, the measurement models were assessed for fit prior to 

examining the structural models. Before the fit statistics for each measurement model 

were assessed, the error variances were checked for potential errors. 

 

6.3.4.1 Model fit: Theory of Reasoned Action 

The TRA model initially displayed a negative error variance for one of the intention 

indicator items. Negative error variances, or Heywood cases, can be indicative of 

problems with model specification, over-identification, sampling fluctuations or outliers 
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(van Driel 1978; Dillon et al. 1987). When the error variance is close to zero, the 

confidence interval includes zero, and the standard error is of similar magnitude to the 

other standard errors, the negative error variance is likely due to sampling error (van 

Driel 1978; Gerbing and Anderson 1987). In this case, Dillon et al.(1987) recommend 

setting the error variance to zero and proceeding with the analysis. Since the error 

variance was -0.006, with a standard error of 0.05 (similar to the other estimated 

standard errors), Dillon et al’s (1987) recommendation was followed. The error variance 

in question was set to zero in the following analysis. 

 

Table 6.28. The mean, mode and standard deviation of the composite value created 

for each construct. 

Construct Mean Mode Standard deviation 

Attitudes 5.98 7 1.30 

PAE 4.80 7 1.88 

NAE 3.00 1 1.90 

Subjective norms 5.06 7 1.47 

PBC 6.06 7 1.32 

Self-efficacy 5.99 7 1.52 

Social identity 4.30 4.5 1.39 

Freq. PB 3.74 1 2.51 

Intention 4.93 7 2.31 
 

 

The SEM showed that the TRA fit the data reasonably well. The χ2 statistic was 29.40 

(df = 18, p = 0.04); however, the normed χ2 (i.e. the ratio of the χ2 statistic to the 

degrees of freedom) was 1.63:1, which is considered to indicate acceptable fit (Marsh 

and Hocevar 1985). In addition, all other fit indices supported the model. The RMSEA 
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was 0.06, less than 0.08 which demonstrates reasonable fit (Browne and Cudeck 1993). 

The SRMR value was 0.03, which is less than the maximum of 0.07 recommended by 

Bagozzi (2010). The GFI value was 0.96, greater than the minimum of 0.95 

recommended by Cunningham (2008). The CFI and TLI values were both 0.99, 

indicating good fit (Bagozzi 2010).  

 

6.3.4.2 Model fit: Theory of Planned Behaviour 

The TPB model initially displayed a negative error variance for one of the intention 

indicator items. The same procedure was followed as with the TRA model to identify 

the likely source of the negative error variance. The error variance was -0.005, with a 

standard error of 0.05 (similar to the other estimated standard errors). Based on this, the 

error variance was set to zero in the following analysis.  

 

The SEM indicated that the TPB was a good fit for the data. The χ2 statistic was 51.94 

(df = 30, p = 0.08), and the normed χ2 statistic to the degrees of freedom was 1.73:1, 

indicating that the model fitted the data well. However, all other fit indices, with the 

exception of GFI, support the model. The RMSEA was 0.07, which demonstrates 

reasonable fit (Browne and Cudeck 1993). The SRMR value was 0.03, less than the 

maximum of 0.07 recommended by Bagozzi (2010). The CFI and TLI values were 0.99 

and 0.98 respectively, indicating good fit (Bagozzi 2010). However, the GFI value was 

0.94, which was slightly less than the minimum of 0.95 recommended by Cunningham 

(2008). Given that all of the other fit indices indicated reasonable to good fit, it was 

decided to accept the model. 
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6.3.4.3 Model fit: Model of Goal-directed Behaviour 

The SEM indicated that the MGB was a reasonable fit for the data. The χ2 statistic was 

433.10 (df = 286, p < 0.001); however, the normed χ2 statistics was 1.51:1, indicating 

good fit. Further, most other fit indices supported the model. The RMSEA was 0.06, 

which demonstrates reasonable fit (Browne and Cudeck 1993). The SRMR value was 

0.05, less than the maximum of 0.07 recommended by Bagozzi (2010). The CFI and 

TLI values were both 0.97, indicating good fit (Bagozzi 2010). However, the GFI value 

was 0.85, less than the minimum of 0.95 recommended by Cunningham (2008). Given 

that the other fit indices indicated reasonable to good fit, it was decided to accept the 

model. 

 

6.3.5 Stage 5: Testing the structural models 

In this section, each of the models was first checked for acceptable levels of fit. The 

hypotheses were evaluated by examining the significance of the relevant paths, based on 

the size of the path coefficients. The total effect of the various constructs, and the 

squared multiple correlations (i.e., the percentage of the variation explained for each 

endogenous construct) are also reported. Then, a comparison of the three models was 

conducted to determine the model that best reflected the data. 

 

6.3.5.1 Theory of Reasoned Action 

All of the model fit statistics indicated a reasonable fit for the TRA model (χ2 = 29.41, p 

= 0.04, χ2/df = 1.63, RMSEA = 0.06, SRMR = 0.03, CFI = 0.99, TLI = 0.99), based on 

the criteria described in section 5.2.2.1. The standardised regression weights and the 

correlations between exogenous constructs are shown in Figure 6.2. Both hypotheses 

were supported, with significant positive relationships between attitudes and intentions 

(β = 0.25, p = 0.005) and between subjective norms and intentions (β = 0.58, p < 0.001; 
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Table 6.29). These standardised regression weights suggest that subjective norms exerts 

approximately twice as much influence on intentions as attitudes. The correlation 

between attitudes and subjective norms was 0.75 which, while high, is below the level 

at which multicollinearity becomes a problem (Hair et al. 2006). Finally, the squared 

multiple correlation for intentions was 0.61, indicating that the antecedent constructs, 

attitudes and subjective norms, explained a relatively large part of the variation in 

intentions to implement pregnancy scanning in the next lambing season (61 percent). 

 

 

 

 

 

Figure 6.2. The structural path estimates for the Theory of Reasoned Action. Note: 

The standardised estimates appear outside the brackets, whereas the unstandardized 

estimates are within the brackets. ** signifies significance at p<0.01, and *** p<0.001. 

 

Table 6.29. The hypotheses testing for the TRA 

 Hypothesis Standardised 
regression 
coefficient 

P value Result 

1 Attitudes  Intentions 0.24 0.005 Supported 

2 Subjective norms  Intentions 0.58 <0.001 Supported 
 

 

6.3.5.2 Theory of Planned Behaviour 

All of the model fit statistics indicated a reasonable fit for the TPB model (χ2 = 51.94, p 

= 0.01, χ2/df = 1.73, RMSEA = 0.07, SRMR = 0.03, CFI = 0.99, TLI = 0.98), based on 

the criteria described in section 5.2.2.1. The standardised regression weights and the 
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correlations between exogenous constructs are shown in Figure 6.3. In this case, 

hypotheses 1 and 2 were supported, but hypothesis 3 was not. As with the TRA, there 

were significant positive relationships between attitudes and intentions (β = 0.24, p = 

0.01) and between subjective norms and intentions (β = 0.58, p < 0.001), however, the 

relationship between PBC and intentions was not significant (β = 0.01, p = 0.94; Table 

6.30), indicating that PBC did not contribute significantly to the prediction of intentions. 

The correlations between attitudes and  subjective norms, attitudes and PBC, and 

subjective norms and PBC were 0.75, 0.35 and 0.34 respectively, which, while 

significant, were below the level at which multicollinearity may pose a problem (Hair et 

al. 2006). Finally, the squared multiple correlation for intentions was 0.61, indicating 

that the antecedent constructs explained a relatively large part of the variation in 

intentions to implement pregnancy scanning in the next lambing season (61 percent). 

 

 

 

 

 

 

 

 

Figure 6.3. The structural path estimates for the Theory of Planned Behaviour. 

Note: The standardised estimates appear outside the brackets, whereas the 

unstandardized estimates are within the brackets. ** signifies significance at p<0.01, 

and *** p<0.001. 
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Table 6.30. The hypotheses testing for the TPB 

 Hypothesis Standardised 
regression 
coefficient 

P-value Result 

1 Attitudes  Intentions 0.24 0.01 Supported 

2 Subjective norms  Intentions 0.58 <0.001 Supported 

3 PBC  Intentions 0.01 0.94 Rejected 
 

6.3.5.3 Model of Goal-directed Behaviour  

The model fit statistics indicated a reasonable fit for the MGB model (χ2 = 433.10, p < 

0.001, χ2/df = 1.51, RMSEA = 0.06, SRMR = 0.06, CFI = 0.97, TLI = 0.97), based on 

the criteria described in section 5.2.2.1. The standardised regression weights and the 

correlations between exogenous constructs are shown in Figure 6.4. The initial 

hypotheses for the model predicted that the exogenous constructs (attitudes, PAE, NAE, 

subjective norms, PBC, self-efficacy, social identity and frequency of past behaviour) 

would be positively related to desire. However, as there was insufficient discriminant 

validity between desire and intentions, only the intentions construct was used in the 

estimation of the model. As such, the hypotheses were modified to predict positive 

relationships between the exogenous constructs and intentions to allow testing. Further, 

the recency of past behaviour construct was not included in the SEM, as it was 

measured on a dichotomous scale (i.e. pregnancy scanning was used in the previous 

lambing season, or it was not), rather than a 7-point scale and, as such, could have 

skewed the results and hidden the effects of other constructs (de Vaus 2002). 

Additionally, as the frequency of past behaviour construct was limited to use within the 

previous five lambing seasons, it was decided that recency of past behaviour could 

reasonably be expected to be included in this measure. 
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Hypotheses 2, 5, 6 and 8 were supported, and hypothesis 1 received directional support, 

but hypotheses 3, 4 and 7 did not receive support. As expected, there were significant 

positive relationships between subjective norms and intentions (β = 0.24, p = 0.01), PAE 

and intentions (β = 0.21, p = 0.001), NAE and intentions (β = 0.12, p = 0.02), and Freq. 

PB and intentions (β = 0.34, p < 0.001). Further, directional support was found for a 

positive relationship between attitudes and intentions at the 0.1 level (β = 0.12, p = 

0.09), but no support was found for the hypothesised relationships between PBC and 

intentions (β = -0.07, p = 0.31), self-efficacy and intentions (β = 0.13, p = 0.10), and 

social identity and intentions (β = -0.07, p = 0.17; see Table 6.31). The correlations 

between the constructs were all below the level at which multicollinearity may become 

a problem (Hair et al. 2006). Finally, the squared multiple correlation for intentions was 

0.77, indicating that the antecedent constructs explained a large part of the variation in 

intentions to implement pregnancy scanning in the next lambing season (77 percent). 
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Figure 6.4. The structural path estimates for the Model of Goal-directed 

Behaviour.  

Note: * signifies significance at p<0.1, ** signifies significance at p<0.05, and *** 

p<0.01. 

 

6.3.5.4 Reduced Model of Goal-directed Behaviour 

Given that four of the eight exogenous constructs in the MGB were found to be non-

significant at the 0.05 level, a reduced version was analysed. The non-significant 

constructs were removed in an iterative fashion, starting with the least significant 

(PBC). The final reduced model contained the attitudes, subjective norms, PAE, NAE, 

and frequency of past behaviour constructs. Although the p-value for attitudes remained 

above 0.05, it was decided to retain attitudes, as Harrell (2001) argues that valuable 
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predictive information can be lost by deleting marginally significant variables. In other 

studies, Laurent and Powers (2006) and O’Connor et al.(2004) retained marginally 

significant relationships in predictive models. 

 

Table 6.31. Hypotheses testing for the MGB 

 Hypothesis Standardised 
regression 
coefficient 

P-value Result 

1 Attitudes  Intentions 0.12 0.10 Directionally 
supported 

2 Subjective norms  Intentions 0.24 0.01 Supported 

3 PBC  Intentions -0.07 0.31 Rejected 

4 Self-efficacy  Intentions 0.13 0.10 Rejected 

5 PAE  Intentions 0.21 0.001 Supported 

6 NAE  Intentions 0.12 0.02 Supported 

7 Social identity  Intentions -0.07 0.17 Rejected 

8 Frequency of past behaviour  
Intentions 

0.34 <0.001 Supported 

 

 

All of the model fit statistics indicated a reasonable fit for the reduced MGB model (χ2 = 

128.02, p = 0.01, χ2/df = 1.42, RMSEA = 0.05, SRMR = 0.04, CFI = 0.99, TLI = 0.99), 

based on the criteria in Chapter 4. The standardised regression weights and the 

correlations between exogenous constructs are shown in Figure 6.5. Hypotheses 2, 3, 4 

and 5 were supported, and hypothesis 1 again received directional (marginal) support. 

There were significant positive relationships between subjective norms and intentions (β 

= 0.27, p = 0.02), PAE and intentions (β = 0.21, p = 0.001), NAE and intentions (β = 

0.12, p = 0.02), and Freq. PB and intentions (β = 0.36, p < 0.001). Only directional 

support was found for a positive relationship between attitudes and intentions (β = 0.12, 
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p = 0.09; Table 6.32). The correlations between constructs ranged between 0.40 and 

0.74, all below the level at which multicollinearity becomes a problem (Hair et al. 

2006). Finally, the squared multiple correlation for intentions was 0.76, indicating that 

the antecedent constructs explained a large part of the variation in intentions to 

implement pregnancy scanning in the next lambing season (76 percent), and that the 

removal of PBC, self-efficacy and social identity resulted in a reduction of the 

explanatory power of the model of only one percent.  

 

Table 6.32. Hypotheses testing for the reduced MGB 

 Hypothesis Standardised 
regression 
coefficient 

P-value Result 

1 Attitudes  Intentions 0.12 0.09 Partially 
supported 

2 Subjective norms  Intentions 0.27 0.02 Supported 

3 PAE  Intentions 0.21 0.001 Supported 

4 NAE  Intentions 0.12 0.02 Supported 

5 Frequency of past behaviour  
Intentions 

0.36 <0.001 Supported 
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Figure 6.5. The structural path estimates for the reduced Model of Goal-directed 

Behaviour.  

Note: * signifies significance at p<0.1, ** signifies significance at p<0.05, and *** 

p<0.01. 

 

6.3.5.5 Model comparison  

The χ2 difference test between the TRA and TPB was not significant (χ2 = 0.38, df = 1, 

p = 0.54), indicating that the TRA and the TPB fit the data equally well. As such, the 

more parsimonious model would be recommended. The χ2 difference test between the 

TRA and the reduced MGB was significant (χ2 = 56.94, df = 3, p < 0.001), as was the χ2 

difference test between the TRA and the full MGB (χ2 = 61.60, df = 6, p < 0.001), 

indicating that the full and reduced MGB fit the data better than the TRA. The χ2 

difference test for the TPB and the reduced MGB was also significant (χ2 = 56.56, df = 

2, p < 0.001), as was the χ2 difference test for the TPB and the MGB (χ2 = 61.22, df = 5, 

p < 0.001), indicating that the full and reduced MGB fit the data better than the TPB. 

Finally, the χ2 difference test for the reduced MGB and the MGB was not significant (χ2 
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= 4.66, df = 3, p = 0.20), indicating that the reduced MGB and the MGB fit the data 

equally well. As such, the more parsimonious reduced MGB would be recommended. 

 

6.3.6 Summary of the analysis of intentions to adopt pregnancy scanning 

The SEM showed that while all the models fit the data well, the reduced MGB fit the 

data significantly better. This model explained 76 percent of the variation in intentions; 

a very large proportion of the variation. The largest impact was for frequency of past 

behaviour (β = 0.36), followed by subjective norms (β = 0.27), PAE (β = 0.21), NAE (β 

= 0.12) and finally attitudes (β = 0.12). 

 

6.4 Latent class regression analysis 

Latent class regression analysis was carried out to determine whether there were distinct 

classes, or groups, of producers that show different relationships within the models. 

Latent class modelling allows for the identification of different groups and the creation 

of a separate model for each group (Garver et al. 2008). The composites created for 

each construct, as reported in section 6.3.3, were used in the latent class regression 

analysis for each model. 

 

6.4.1 Theory of Planned Behaviour 

Four models, with between one and four classes, were specified and examined for the 

TPB, based on the recommendation in Magidson and Vermunt (2004). The results 

indicated that a three-class model fitted the data best, as this model yielded the lowest 

BIC value (570.73; see Table 6.33). The R2 value for the three-class model was 0.93, 

indicating that the model explains 93 percent of the variance in intentions, a 38 percent 

improvement on the baseline one-class model. The probability of classification errors 

for this model was 15 percent (Table 6.33). 
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Table 6.33. The BIC values, classification errors and regression coefficients for the 

four latent models specified for the Theory of Planned Behaviour. 

 BIC No. of 
parameters 

Classification 
error 

R² 

1 class regression model 648.59 5 0.00 0.55 

2 class regression model 577.18 11 0.09 0.76 

3 class regression model 570.73 17 0.15 0.93 

4 class regression model 571.00 23 0.21 0.94 
 

The beta parameter estimates show the influence of each independent variable on the 

dependent variable. They measure the degree of change in the dependent variable that 

can be expected to result from a one unit change in the independent variable. Thus, they 

show which constructs are the most important in the prediction of intention. The 

parameter estimates show that respondents in class 1 (42 percent of the sample) were 

heavily influenced by attitudes and subjective norms (β = 0.20), respondents in class 2 

(39 percent of the sample) were heavily influenced by attitudes (β = 0.41), with neither 

subjective norms nor PBC appearing to influence their intentions (β = 0.01; β = 0.09), 

and respondents in class 3 were only slightly influenced by attitudes and subjective 

norms (19 percent of the sample; β = 0.14; β = 0.14), with PBC having no effect (β = -

0.02). Further, the mean intentions scores indicate that respondents in class 1 were 

likely to hold a moderate intention to implement pregnancy scanning in the next 

lambing season (m = 4.44), respondents in class 2 were likely to hold a strong intention 

(m = 6.90) and respondents in class 3 were unlikely to intend to implement pregnancy 

scanning (m = 1.46). The model explained 68 percent of the variation in intentions for 

class 1, 79 percent for class 2, and 25 percent for class 3 (Table 6.34).   
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Table 6.34. The mean intention score, segment size and R2 value for each class in 

the three-class regression model on the TPB. 

 Intention (mean) Segment size (%) R² 

Class 1 4.44 41.77% 0.68 

Class 2 6.90 39.44% 0.79 

Class 3 1.46 18.79% 0.25 
Note: ‘Intention’ was measured on a 1 – 7 scale. Farmers in Class 1 were strongly 

influenced by attitudes and subjective norms, farmers in Class 2 were strongly 

influenced by attitudes only, and farmers in Class 3 were slightly influenced by 

attitudes and subjective norms. 

 

The Wald statistic and associated p-value indicate whether an independent variable 

exerts significant influence on the dependent variable. Both attitudes and subjective 

norms were significant predictors of intentions across the whole sample population (p < 

0.001; p = 0.02), but PBC was not a significant predictor of intentions across the survey 

population (p = 0.20). The Wald (=) statistic and associated p-value indicates whether 

differences in beta parameters across segments are significant. There was a significant 

difference in the influence of both attitude and subjective norms on intentions across the 

classes (p = 0.03; p = 0.01). However, there was no difference in the influence of PBC 

on intentions across the classes (Table 6.37). 

  

6.4.2 Model of Goal-directed Behaviour 

Frequency of past behaviour was not included in the LCR analysis as one-third of 

respondents reported that they had never used pregnancy scanning on their farms. 

Further, given that an individual’s past behaviour cannot be modified, it was decided 

that including frequency of past behaviour in the LCR would not improve the 

understanding of how to increase the adoption of lamb survival strategies in practical 
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terms. As such, the analysis included attitudes, subjective norms, positive anticipated 

emotions, negative anticipated emotions, PBC, self-efficacy and social identity as 

predictors of intentions.  

 

Again, four models, with between one and four classes, were specified and examined, as 

recommended by Magidson and Vermunt (2004). A two-class model fitted the data best 

as this model yielded the lowest BIC value (525.96; Garver et al. 2008). The 

improvement in R2 was also greatest for the two-class model, indicating that this model 

explains 87 percent of the variance in intentions. The two-class model also yields the 

lowest probability of classification errors, after the one-class model which by definition 

will never have classification errors (Garver et al. 2008; see Table 6.35). 

 

Table 6.35 The BIC values, classification errors and regression coefficients for the 

four latent models specified for the Model of Goal-directed Behaviour. 

  

BIC 

No. of 
parameters 

Classification 
error 

 

R2 

1 class regression model 608.70 9 0.00 0.68 

2 class regression model 525.96 19 0.09 0.87 

3 class regression model 545.41 29 0.19 0.95 

4 class regression model 553.72 39 0.21 0.98 
 

The beta parameter estimates for the independent variables (constructs) show that the 

respondents in class 1 (52 percent) were heavily influenced by PAE (β = 0.40), NAE (β 

= 0.56) and self-efficacy (β = 0.54), and the respondents in class 2 (48 percent) were 

heavily influenced by attitude (β = 0.50) and self-efficacy (β = 0.60; Table 6.38). 

Further, the mean intentions scores indicate that respondents in class 2 were likely to 

hold a strong intention to implement pregnancy scanning (m = 6.52), whereas 
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respondents in class 1 were unlikely to intend to implement pregnancy scanning (m = 

2.95). The model explained 71 percent of the variation in intentions for respondents in 

class 1, and 96 percent of the variation in intentions for respondents in class 2 (Table 

6.36). 

 

Table 6.36. The mean intention score, segment size and R2 value for each class in 

the two-segment regression model on the MGB. 

 

 Intention (mean) Segment size (%) R² 

Class 1 2.95 52.18% 0.71 

Class 2 6.52 47.82% 0.96 
Note: ‘Intention’ was measured on a 1 – 7 scale. Farmers in Class 1 were strongly 

influenced by anticipated emotions, whereas farmers in Class 2 were strongly 

influenced by attitudes. 

 

Attitudes, PBC, PAE, NAE and self-efficacy contributed significantly to the prediction 

of intentions across the whole sample population (p < 0.001; p = 0.05; p = 0.001; p < 

0.001; p < 0.001). Subjective norms and social identity did not significantly contribute 

to the formation of intentions (p = 0.89; p = 0.50; Table 6.35). Note that PBC was a 

significant predictor of intentions in the latent class regression, but not in the SEM. This 

is most likely due to the difference in the two classes. In class 1, the beta parameter 

estimate for PBC is -0.24, showing that PBC had a greater influence on respondents in 

class 1 than in class 2 (β = -0.11). However, the negative parameter estimates indicate 

that PBC was negatively related to intention. That is, as the perceptions of control over 

external factors increased, the intention to implement pregnancy scanning decreased.  
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Attitudes were a more important predictor of intentions in class 2 than in class 1 (p = 

0.02) but that PAE and NAE were more important in class 1 than class 2 (p < 0.001 in 

both cases). There were no differences in the importance of subjective norms, PBC, self-

efficacy or social identity across the classes (Table 6.38). 
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Table 6.37.  The parameter estimates, Wald statistics and associated p-values for the constructs in the Theory of Planned Behaviour.  

Predictors Class1 Class2 Class3 Wald p-value Wald(=) p-value Mean Std.Dev. 

Attitudes 0.62 0.41 0.15 36.26 p<0.001 6.81 p=0.03 0.45 0.17 

Subjective norm 0.55 0.01 0.14 9.96 p=0.02 8.66 p=0.01 0.26 0.25 

PBC 0.20 0.09 -0.02 4.61 p=0.20 2.10 p=0.35 0.11 0.08 
        

Table 6.38.  The parameter estimates (β), Wald statistics and associated p-values for the constructs in the Model of Goal-directed 

Behaviour. 

Predictors Class1 Class2 Wald p-value Wald(=) p-value Mean Std.Dev. 

Attitudes 0.16 0.50 66.23 p<0.001 5.29 p=0.02 0.32 0.17 

Subjective norm  0.06 0.01 0.23 p=0.89 0.13 p=0.72 0.04 0.03 

PBC -0.24 -0.11 6.00 p=0.05 0.62 p=0.43 -0.18 0.07 

PAE 0.40 -0.04 13.00 P=0.002 12.95 p<0.001 0.19 0.22 

NAE 0.56 0.01 24.91 p<0.001 22.46 p<0.001 0.30 0.28 

Self-efficacy  0.54 0.60 121.40 p<0.001 0.14 p=0.71 0.57 0.03 

Social identity  0.01 0.03 1.37 p=0.50 0.02 p=0.89 0.02 0.01 
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6.4.2.1 Construct descriptives 

The mean values for the model constructs were different between the two classes (Table 

6.39). As compared to class 1 (those who were unlikely to intend to implement 

pregnancy scanning), respondents in class 2 (those with strong intentions to implement 

pregnancy scanning) had: 

- more positive attitudes; 

- higher PAE;  

- higher NAE; 

- higher subjective norms; 

- higher PBC;  

- higher self-efficacy;  

- greater frequency of past behaviour; and  

- stronger intentions towards the use of pregnancy scanning.  

There was no difference in the social identity scores of respondents in the two groups 

(Table 6.39).  

 
6.4.2.2 Indicators of class membership 

While the beta parameters indicated that there would be little practical benefit in 

differentiating between classes for the TPB model, they suggested that there would be 

advantages in differentiating between classes in the MGB model. All three classes for 

the TPB model were influenced either strongly or moderately strongly by attitudes, two 

of the three were influenced by subjective norms, but none were influenced by PBC. As 

such, this provides little basis for targeting the groups separately. Conversely, while 

both classes for the MGB model were heavily influenced by self-efficacy, class 1 was 

also strongly influenced by PAE and NAE, and class 2 was strongly influenced by 

attitudes but not by PAE and NAE. Other characteristics and responses of the 

respondents were examined to attempt to find a basis for membership in each of the two 
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classes. The demographic variables, beliefs about pregnancy scanning, and beliefs about 

lamb mortality were all analysed in relation to class membership. 

 

Table 6.39. The construct mean, on a scale of 1-7, of the respondents in class 1 and 

class 2, including the mean difference (m.d.) and the results of the independent 

samples t-tests. 

Note: A construct score of 1 indicates a negative response (i.e., a negative 

attitude, a perception of no control etc); a construct score of 7 indicates a 

positive response. Farmers in Class 1 were primarily influenced by anticipated 

emotions, while farmers in Class 2 were primarily influenced by attitudes. 

 

6.4.2.2.1 Farmer characteristics 

There were no effects of farmer characteristics, such as gender (m = 1.52; m = 1.65; t = 

-1.47, p = 0.15) and age (F = 1.73, p = 0.15), on latent class membership.  

 

 

 

Construct Class 1 Class 2 m.d. t Sig. 

Attitudes 5.32 6.52 -1.20 -6.53 < 0.001 

PAE 3.71 5.68 -1.97 -7.86 < 0.001 

NAE 2.16 3.69 -1.53 -5.90 < 0.001 

Subjective norms 4.21 5.75 -1.53 -7.82 < 0.001 

PBC 5.73 6.32 -0.59 -2.83 0.005 

Self-efficacy 5.46 6.41 -0.95 -4.09 < 0.001 

Social identity 4.29 4.33 -0.04 -0.19 0.85 

Freq. PB 2.15 5.03 -2.89 -9.33 < 0.001 

Intentions 2.95 6.52 -3.57 -2.83 < 0.001 
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6.4.2.2.2 Farm characteristics 

There were no effects of farm characteristics on latent class membership. There were no 

differences between Australian states (F = 0.85, p = 0.52) or between mixed livestock – 

cropping producers and other farmers (m = 1.63; 1.53; t = -1.11, p = 0.27), wool 

producers and other farmers (m = 1.52; m = 1.57; t = 0.57, p = 0.57), superfine wool 

producers and other farmers (m = 1.55; m = 1.55; t = 0.06, p = 0.96), fine wool 

producers and other farmers (m = 1.52; m = 1.56; t = 0.43, p = 0.67), prime lamb 

producers and other farmers (m = 1.57; m = 1.54; t = -0.39, p = 0.70), or mixed sheep – 

beef producers and other farmers (m = 1.61; m = 1.54; t = -0.78, p = 0.44). There was 

no correlation between the size of the respondent’s property in hectares and the latent 

class they belonged to (r = 0.02; p=0.82). There were no differences in the lamb 

survival rate for the previous season between respondents in class 1 (m = 95.77) and 

respondents in class 2 (m = 88.39, t = 1.74, p = 0.08) or in the average lamb survival 

rate over the last five seasons between respondents in class 1 (m = 93.32) and 

respondents in class 2 (m = 88.70, t = 1.16, p = 0.25).  

 

6.4.2.2.3 Beliefs about pregnancy scanning 

There were differences between the two classes in the strength of beliefs about 

pregnancy scanning. Respondents in class 2 agreed more strongly with 18 of the 19 

belief statements than respondents in class 1 (p < 0.05, see Table 6.40); however, there 

was no difference in the strength of agreement with “The effectiveness of pregnancy 

scanning at improving lamb survival on my farm is not dependent on weather 

conditions” (m = 3.81; m = 4.26; t = -1.29, p = 0.20). For 16 of the 19 belief statements, 

respondents in both classes tended to agree with the statement; however, in the cases of 

“Most other farmers with a similar main enterprise to me use pregnancy scanning on 

their farms” and “Most farmers I see as successful use pregnancy scanning on their 
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farms,” respondents in class 1 tended to disagree with the statements (m = 2.72; m = 

3.19, respectively) whereas respondents in class 2 tended to agree (m = 4.01; m = 5.11, 

respectively). 

 

Table 6.40. The mean belief strength, on a scale of 1-7 (with 1 indicating 

disagreement and 7 indicating agreement), of the respondents in class 1 and class 

2, including the mean difference (m.d.) and the results of the independent samples 

t-tests. 

Belief Class 1 Class 2 m.d. t Sig. 

I believe that pregnancy scanning is an 
effective way to improve lamb survival 
rates on my farm. 

4.57 5.90 -1.33 -4.73 <0.001 

Implementing pregnancy scanning on my 
farm would allow me to make more 
efficient use of feed. 

4.88 6.29 -1.41 -5.81 <0.001 

Implementing pregnancy scanning on my 
farm would help me to improve lamb 
survival rates. 

4.20 5.92 -1.73 -6.40 <0.001 

I believe that pregnancy scanning would 
be easy to carry out on my farm.  

4.79 5.97 -1.18 -4.23 <0.001 

It would be easy for me to implement 
pregnancy scanning on my farm. 

4.71 6.05 -1.35 -4.83 <0.001 

It would be easy for me to use pregnancy 
scanning to improve lamb survival rates 
on my farm. 

3.88 5.62 -1.74 -6.37 <0.001 

The amount of time required to carry out 
pregnancy scanning on my farm is 
reasonable. 

4.76 6.13 -1.37 -5.59 <0.001 

I am too busy with other farm jobs to 
carry out pregnancy scanning when it 
would need to be done. (reverse coded). 

5.07 6.15 -1.08 -4.42 <0.001 

It would be reasonably easy for me to get 
someone with the necessary skills to 
come to my farm and scan my ewes. 

5.08 5.99 -0.91 -3.25 0.001 

It would be reasonably easy for me to 
find casual labour to carry out any extra 

3.83 4.75 -0.93 -2.67 0.01 
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6.4.2.2.4 Beliefs about lamb mortality 

There were differences between the two classes in the strength of beliefs about lamb 

mortality. Respondents in class 2 agreed more strongly with five of the eight belief 

statements than respondents in class 1 (p < 0.05). There were no differences between 

the classes in the strength of agreement with the remaining three statements, which all 

referred to perceived pressure from other industry stakeholders (Table 6.41).  

 

 

work associated with pregnancy scanning 
(such as bringing in sheep). 

The initial cost of implementing 
pregnancy scanning on my farm is 
reasonable. 

3.91 5.57 -1.66 -5.98 0.001 

The ongoing costs of implementing 
pregnancy scanning on my farm are 
reasonable. 

3.95 5.69 -1.74 -6.44 0.001 

I can implement pregnancy scanning on 
my farm regardless of weather 
conditions. 

3.87 4.75 -0.89 -2.74 0.01 

The effectiveness of pregnancy scanning 
at improving lamb survival on my farm 
is not dependent on weather conditions. 

3.81 4.26 -0.45 -1.29 0.20 

End-consumers of farm products will see 
pregnancy scanning as an animal-
friendly practice 

3.99 5.06 -1.08 -3.58 0.001 

I think end-consumers of farm products 
would approve of my use of pregnancy 
scanning on my farm. 

4.55 5.34 -0.79 -2.90 0.004 

Most of my neighbours use pregnancy 
scanning on their farms. 

2.37 2.95 -0.57 -2.13 0.04 

Most other farmers with a similar main 
enterprise to me use pregnancy scanning 
on their farms. 

2.72 4.01 -1.29 -4.68 0.001 

Most farmers I see as successful use 
pregnancy scanning on their farms. 

3.19 5.11 -1.92 -6.64 0.001 
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Table 6.41.  The mean belief strength, on a scale of 1-7 (with 1 indicating 

disagreement and 7 indicating agreement), of the respondents in class 1 and class 

2, including the mean difference (m.d.) and the results of the independent samples 

t-tests. 

  

 

6.4.3 Summary of the latent class regression 

The LCR for the TPB showed that a three-class model fitted the data best, and 

explained 93 percent of the variation in intentions to implement pregnancy scanning. 

However, examination of the beta parameter estimates for each class suggested that 

differentiation between the classes would be impractical. The LCR for the MGB 

Belief Class 1 Class 2 m.d. t Sig. 

I think that the current lamb survival 
rates are a significant problem on my 
farm. 

3.63 4.49 -0.87 -2.78 0.01 

I think that the current lamb survival 
rates are a significant problem to the 
Australian sheep industry. 

5.41 6.18 -0.77 -3.59 0.001 

I think the current lamb survival rates 
are something I need to address. 

4.36 5.39 -1.03 -3.50 0.001 

I think the current lamb survival rates 
are something the Australian sheep 
industry as a whole needs to address. 

5.47 6.38 -0.91 -4.35 <0.001 

I feel pressure from other farmers to 
improve lamb survival rates on my 
farm. 

2.12 2.31 -0.19 -0.79 0.43 

I feel pressure from the public to 
improve lamb survival rates on my 
farm. 

2.28 2.97 -0.69 -1.12 0.31 

I feel pressure from industry to improve 
lamb survival rates on my farm. 

2.92 3.70 -0.78 -2.40 0.02 

I feel pressure from scientists to 
improve lamb survival rates on my 
farm. 

2.95 3.34 -0.40 -1.24 0.22 
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showed that a two-class model fitted the data best, and explained 87 percent of the 

variation in intentions. The respondents in class 1 (52 percent) were heavily influenced 

by PAE (β = 0.40), NAE (β = 0.56) and self-efficacy (β = 0.54) while respondents in 

class 2 (48 percent) were heavily influenced by attitude (β = 0.50) and self-efficacy (β = 

0.60). Respondents in class 2 had higher mean scores for each of the constructs in the 

MGB than respondents in class 1, and had strong intentions to use pregnancy scanning 

during the next lambing season (m = 6.52), whereas respondents in class 1 held low 

intentions to implement pregnancy scanning (m = 2.95). There was no effect of 

background variables, such as age, gender, farming enterprise, location, or property 

size, on class membership, but respondents in class 2 tended to hold beliefs about 

pregnancy scanning and about lamb mortality more strongly than respondents in class 1.  

 

Due to significant differences in means, it might be argued that response bias is driving 

the differences between classes, as respondents in class 2 held consistently higher scores 

on all constructs. However, all of the constructs were expected to be positively related. 

As such, patterns in past behaviour were examined to shed light on this issue. 

 

6.5 Comparison of farmers who used pregnancy scanning with those who did not 

Given that the LCR revealed distinct subsets of farmers within the overall population, it 

was decided to investigate whether farmers who used pregnancy scanning were 

influenced by the same factors as farmers who did not use pregnancy scanning. Due to 

the sample size (used: N  = 57, not used: N  = 111) being deemed too small for multi-

group SEM, a regression using the composite values for each construct in the MGB was 

carried out for each group. The regression revealed that farmers who did use pregnancy 

scanning were influenced by frequency of past behaviour, self-efficacy, and attitudes, 

but not by PAE, NAE, subjective norms, social identity and PBC. Conversely, farmers 
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who did not use pregnancy scanning were influenced by PAE, frequency of past 

behaviour and NAE, but not by attitudes, subjective norms, PBC, self-efficacy and 

social identity (Table 6.42).  

 

Given that the results of these regression analyses were similar to the results of the 

LCR, the distributions of farmers who did, and did not, use pregnancy scanning 

between LCR classes were examined. Eighty-six percent of farmers who used 

pregnancy scanning were classified as class 2, and 14 percent were classified as class 1. 

Conversely, only 40 percent of farmers who did not use pregnancy scanning were 

classified as class 2, whereas 60 percent were classified as class 1. This adds credence 

to the classes identified in the LCR. 

 

Table 6.42. The standardised regression coefficients for each construct for farmers 

who used pregnancy scanning and farmers who did not use pregnancy scanning. 

 Used pregnancy scanning Did not use pregnancy scanning 

 β sig. β sig. 

Freq. PB 0.35 ** 0.23 ** 

PAE -0.01 n.s. 0.31 ** 

NAE 0.14 n.s. 0.16 * 

Self-efficacy 0.31 * 0.19 n.s. 

Attitudes 0.27 * 0.15 n.s. 

Subjective 
norms 

0.15 n.s. 0.17 n.s. 

PBC -0.21 n.s. -0.09 n.s. 

Social identity -0.07 n.s. -0.05 n.s. 
Note: * p < 0.05, ** p < 0.01 
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6.6 Belief structure underlying model constructs 

In this final section, the relationships between the TPB constructs and a series of salient 

related belief statements from the qualitative phase were examined, to see whether the 

model constructs adequately captured the underlying beliefs in the farming context. 

Three of the 19 statements related to attitudes, 13 related to PBC and three related to 

subjective norms and farmers were asked to indicate their level of agreement with the 

statements (on a scale of 1(strongly disagree) to 7 (strongly agree)). 

 

Two of the three attitudes beliefs were significantly related to the attitudes composite 

variable, and explained 54 percent of the variation in attitudes. “Implementing 

pregnancy scanning on my farm would allow me to make more efficient use of feed” 

was most strongly related to attitudes, followed by “Implementing pregnancy scanning 

on my farm would help me to improve lamb survival rates.” “I believe that pregnancy 

scanning is an effective way to improve lamb survival rates on my farm” was not 

significantly related to attitudes (Table 6.43). 

 

Table 6.43. The standardised regression coefficients for the three attitudes belief 

statements  

 β sig. 

Implementing pregnancy scanning on my farm would 
allow me to make more efficient use of feed. 

0.52 

 

*** 

Implementing pregnancy scanning on my farm would 
help me to improve lamb survival rates. 

0.30 ** 

I believe that pregnancy scanning is an effective way 
to improve lamb survival rates on my farm. 

-0.03 

 

n.s. 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 
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One of the three subjective norms beliefs were significantly related to the subjective 

norms composite variable, and explained 34 percent of the variation in subjective 

norms. “Most farmers I see as successful use pregnancy scanning on their farms” was 

most strongly related to subjective norms. “Most other farmers with a similar main 

enterprise to me use pregnancy scanning on their farms” and “Most of my neighbours 

use pregnancy scanning on their farms” were not significantly related to subjective 

norms (Table 6.44). 

 

Table 6.44. The standardised regression coefficients for the three subjective norms 

belief statements  

 β sig. 

Most farmers I see as successful use pregnancy 
scanning on their farms. 

0.38 *** 

Most other farmers with a similar main enterprise to 
me use pregnancy scanning on their farms. 

0.18 

 

n.s. 

Most of my neighbours use pregnancy scanning on 
their farms. 

0.11 

 

n.s. 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 

 

Due to high levels of multi-collinearity, as outlined in section 5.2.3, stepwise regression 

was performed for the beliefs relating to PBC. Three of the 13 PBC beliefs were 

significantly related to the PBC composite variable, and explained 49 percent of the 

variation in subjective norms. “It would be reasonably easy for me to get someone with 

the necessary skills to come to my farm and scan my ewes” was most strongly related to 

PBC, followed by “It would be easy for me to implement pregnancy scanning on my 

farm” and “I think end-consumers of farm products would approve of my use of 

pregnancy scanning on my farm” (Table 6.45). The remaining 10 statements were 
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excluded from the analysis due to lack of significance and high levels of multi-

collinearity. 

 

Table 6.45. The standardised regression coefficients for the PBC belief statements  

β sig. 

It would be reasonably easy for me to get someone with the 
necessary skills to come to my farm and scan my ewes. 

0.38 *** 

It would be easy for me to implement pregnancy scanning on 
my farm. 

0.34 *** 

I think end-consumers of farm products would approve of 
my use of pregnancy scanning on my farm. 

0.12 * 

The amount of time required to carry out pregnancy 
scanning on my farm is reasonable. 

-0.17 n.s. 

End-consumers of farm products will see pregnancy 
scanning as an animal-friendly practice 

-0.14 n.s. 

It would be easy for me to use pregnancy scanning to 
improve lamb survival rates on my farm. 

0.06 n.s. 

I am too busy with other farm jobs to carry out pregnancy 
scanning when it would need to be done. (reverse coded) 

-0.06 n.s. 

I believe that pregnancy scanning would be easy to carry out 
on my farm.  

0.05 n.s. 

The effectiveness of pregnancy scanning at improving lamb 
survival on my farm is not dependent on weather conditions. 

0.04 n.s. 

It would be reasonably easy for me to find casual labour to 
carry out any extra work associated with pregnancy scanning 
(such as bringing in sheep). 

0.03 n.s. 

I can implement pregnancy scanning on my farm regardless 
of weather conditions. 

0.02 n.s. 
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The initial cost of implementing pregnancy scanning on my 
farm is reasonable. 

-0.01 n.s. 

The ongoing costs of implementing pregnancy scanning on 
my farm are reasonable. 

0.00 n.s. 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 

 

The regression of the belief statements and the composite variables with the intentions 

composite suggested that the PBC composite did not fully capture the underlying beliefs 

about external constraints, and that the subjective norms construct only partially 

accounted for social influences in this farming context. There was no significant 

relationship between the PBC and intentions composite variables, but there were 

significant relationships between intentions and four of the PBC belief statements. Both 

attitudes and subjective norms were significantly related to intentions, as was the 

subjective norms belief statement, “Most farmers I see as successful use pregnancy 

scanning on their farms” (Table 6.46). Together, these constructs explained 70 percent 

of the variation in intentions.  
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Table 6.46. The standardised regression coefficients for the significant belief 

statements and composite variables 

β sig. 

Subjective norms  0.25 *** 

The initial cost of implementing pregnancy scanning on my 
farm is reasonable. 

0.22 *** 

Attitudes 0.22 ** 

Most farmers I see as successful use pregnancy scanning on 
their farms. 

0.20 *** 

It would be easy for me to use pregnancy scanning to 
improve lamb survival rates on my farm. 

0.17 ** 

The effectiveness of pregnancy scanning at improving lamb 
survival on my farm is not dependent on weather conditions. 

-0.14 ** 

I am too busy with other farm jobs to carry out pregnancy 
scanning when it would need to be done. (reverse coded) 

0.11 * 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 

 

6.7 Summary of results 

The data analyses described above were performed to answer the following research 

questions: 

a) What strategies do farmers use to improve lamb survival rates? 

b) What factors influence farmers’ intentions to implement strategies to 

improve lamb survival rates? 

To summarise the results relevant to the first research question, feed and nutrition 

strategies were used the most to improve lamb survival rates, while flock management 

strategies receive the least use. The results suggest, however, that there may be a change 

in strategy use in the future, with genetics strategies receiving the greatest consideration 

of use in the future. The high use of feed and nutrition strategies is likely due to their 

perceived effectiveness. Farmers tended to rate feed and nutrition strategies as the most 
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effective way to improve lamb survival rates, and genetics and the control of predators 

as the least effective methods. The perceived effectiveness of the various ways to 

improve lamb survival was affected to some degree by background variables, such as 

gender, location, property size and farm enterprise, as summarised in section 6.1.1. 

 

 

To summarise the results relevant to the second research question, the intentions to 

implement pregnancy scanning were influenced by attitudes, subjective norms, PAE, 

NAE and frequency of past behaviour. The three proposed models, the TRA, TPB and 

MGB, all explained significant proportions of the variance in intentions, but the 

influence of PAE, NAE and frequency of past behaviour meant that the MGB had the 

greatest predictive power (p < 0.001). The latent class regression analysis revealed that 

there were two distinct classes within the population. Respondents in class 1 were 

primarily motivated by PAE and NAE. However, they were less likely to implement 

pregnancy scanning, whereas respondents in class 2, who were more likely to 

implement pregnancy scanning, were primarily motivated by attitudes. Self-efficacy was 

important to respondents in both classes.  
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Chapter 7 – Conclusions and Implications 

 

7.0 Introduction 

The present study focussed on the factors affecting the adoption of lamb survival 

strategies by Australian sheep producers. As previously discussed current high lamb 

mortality rates pose economic and animal welfare risks for the Australian sheep 

industry. However, despite the development of numerous strategies to improve lamb 

survival, based on ‘incontrovertible’ biology (Martin 2009), the adoption of these 

strategies has been low and lamb mortality rates have remained steady for around 100 

years (Alexander 1984; Barnett and Sneddon 2006). This suggests that the traditional 

methods of agricultural extension, based upon the principle of technology transfer, have 

been less successful at promoting the adoption of these strategies by sheep producers.  

 

The current research took the view that social psychology and marketing models may be 

of use in understanding and encouraging the adoption of strategies to improve lamb 

survival rates. These models, including the Theory of Reasoned Action (TRA; Ajzen 

and Fishbein 1980), the Theory of Planned Behaviour (TPB; Ajzen 1991) and the 

Model of Goal-directed Behaviour (MGB; Perugini and Bagozzi 2001), were used as 

theoretical frameworks for this research, which consisted of an exploratory qualitative 

phase and a secondary quantitative phase.  

 

Specifically, it was hypothesised that: 

a) the MGB would add significantly to our understanding of farmers’ intentions 

to adopt strategies to improve lamb survival, relative to the TRA and TPB; 
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b) perceived behavioural control (PBC), as depicted in the TPB, would add 

significantly to our understanding of farmers’ intentions to adopt strategies 

to improve lamb survival; 

c) self-efficacy, as conceptualised by Bandura (1982) and distinct from PBC, 

would add significantly to our understanding of farmers’ intentions to adopt 

strategies to improve lamb survival; and 

d) the sample population would be heterogeneous with regards to the factors 

influencing decision-making. 

The findings relating to each of these hypotheses are discussed in the following sections 

of this chapter. 

  

7.1 Two groups of farmers 

The major finding of the research was that there were two groups, or classes, of farmers, 

based on the factors influencing their intentions to adopt pregnancy scanning – 

‘attitudes-driven’ farmers, and ‘emotions-driven’ farmers. As such, hypothesis (d), that 

the sample population would be heterogeneous with regards to the factors influencing 

decision-making, was supported. In the following section, it is argued that this has 

major implications for agricultural extension, as the lower levels of adoption of 

pregnancy scanning by the ‘emotions-driven’ farmers and their weaker intentions to 

implement pregnancy scanning, suggest that current extension practices are less 

effective in communicating knowledge and facilitating practice change in these farmers 

than in the ‘attitudes-driven’ farmers.  

 

Previous agricultural extension and rural sociology research has acknowledged that the 

farming community is not homogeneous, but much of this research has focussed on 

classifying farmers based upon their propensity to adopt new technologies or using 
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demographic factors (Röling 1988; Rogers 2003; Pannell et al. 2006). For example, it 

has been suggested that farm location in relation to major centres, property size, age, 

education and participation in community groups can influence adoption decisions (e.g., 

Vandersmersch and Mathijs 2002; Abadi Ghadim et al. 2005; Pannell et al. 2006). Very 

few studies have investigated whether farmers can be categorised based on the way in 

which they make decisions, rather than what decisions they make and when they make 

them. Recent studies by Lapple and Kelley (2010), Jackson et al. (2008) and Pennings 

and Leuthold  (2000) are notable exceptions, with all of these studies identifying two 

groups of farmers based on the factors taken into account in decision-making. The 

differentiating factors varied between studies, with Jackson et al. (2008) observing 

differences in the reliance on subjective norms, Pennings and Leuthold (2000) noting 

differences in the influence of risk attitudes and Lapple and Kelley (2010) finding 

differences in the effect of affective and cognitive components of attitude. However, the 

differences identified in these past studies do not appear to shed light on the findings of 

the current study, due to major differences in the frameworks and methodology used. 

They do, nonetheless, confirm significant heterogeneity in patterns of decision-making 

within the farming population.  

 

The differences between groups of farmers identified in the present study are the result 

of individual differences in the decision-making processes of farmers. That is, some 

farmers may rely more heavily on different factors in their decision-making. 

Specifically, 52 percent of the farmers who responded to the survey were ‘emotions-

driven’, significantly influenced by PAE, NAE, and self-efficacy, whereas the remaining 

48 percent were ‘attitudes-driven’, significantly influenced by attitudes and self-

efficacy. The fact that different factors influence the two groups of farmers means that 

the type of extension messages and techniques that are effective at communicating 



218 
 

knowledge and facilitating practice change in one group of farmers, are unlikely to be as 

effective for the other group. As such, it is necessary to understand both what types of 

messages and techniques are required, and how to identify which group farmers belong 

to.  

 

The results also suggested that farmers influenced by attitudes were more likely to use 

pregnancy scanning than those influenced by emotions. This may suggest that extension 

programs have been more successful in meeting the informational requirements of 

attitudes-driven farmers than emotions-driven farmers. Extension programs currently 

focus on presenting facts and convincing farmers that if they perform a particular 

behaviour, then they can expect particular outcomes. The results of the current study 

suggest that, in the case of pregnancy scanning, this has resulted in attitudes-driven 

farmers being more convinced about the benefits of pregnancy scanning, and thus more 

likely to use pregnancy scanning, than emotions-driven farmers. As such, it appears that 

further research should focus on methods of improving knowledge transfer to, and 

practice change by, the emotions-driven farmers. The implications of this for extension 

practitioners, and possible methods of improving communication with emotions-driven 

farmers, are discussed in section 7.5. 

 

To determine whether the differences in decision-making were attributable to 

demographic variables, the relationships between group membership and personal and 

farm background information and the beliefs of farmers were examined. Comparison of 

the background information of farmers in the two groups indicated that the groups were 

not split along these lines. There were no significant differences in the average age, 

property size, main farming enterprise, lamb survival rates or membership in industry 

organisation between the farmers in the ‘emotions-driven’ group and the farmers in the 
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‘attitudes-driven’ group. As such, it seems that extension officers will not be able to 

identify which farmers they should target in a particular way simply by checking 

background information on the farmer or farm.  

 

There were, however, some differences between the two groups of farmers in their 

beliefs about lamb mortality. The attitudes-driven farmers agreed more strongly that 

current lamb survival rates were a problem, both on their own farm and for the industry 

as a whole, and needed to be addressed than emotions-driven farmers, and were also 

more likely to perceive pressure to improve lamb survival rates from other farmers than 

emotions-driven farmers. However, there were no differences between emotions- and 

attitudes-driven farmers in the levels of perceived pressure from other industry 

stakeholders, such as scientists and consumers. Their greater levels of concern suggest 

that the attitudes-driven farmers may be more market-focused and be more likely to 

consider of the Australian sheep industry as part of the global market than the emotions-

driven farmers, which allows them to see the impact that perceptions of poor animal 

welfare could have on the industry. Further research is required to investigate the ways 

in which the two groups of farmers view the Australian sheep industry’s position in the 

global market, as it was not possible to elicit this information from the current study. It 

is speculated, based on the above information, that it may be possible to differentiate 

between emotions- and attitudes-driven farmers based upon their view of the Australian 

sheep industry and the strength of their beliefs about the impacts of lamb mortality on 

the industry. 

 

The lack of perceived pressure to improve lamb survival from industry stakeholders 

suggests that farmers may see possible threats to the industry as the consequence of 

other farmers’ behaviour, and not a problem related to their own enterprise. There are 
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several possible explanations for this. First, it may reflect the relatively high mean rate 

of lamb survival on respondents’ farms (91 percent over the last five years), which is 

higher than might be expected given the average marking rate of 77 percent across the 

industry as a whole (e.g., Barnett and Sneddon 2006).   Second, it may be due to what 

Cromwell and Thurman (2003) refer to as ‘justification by comparison’, the 

rationalisation of guilt or blame by arguing that other situations, in this case other 

farmers, are worse. This is likely due to the human tendency to view ourselves as 

behaving better (i.e., more fairly, or in a more moral way) than others (e.g., Messick et 

al. 1985; Shu et al. 2009). The lack of perceived pressure from scientists and industry 

also suggests that the majority of farmers were not aware of the concern of industry 

R&D corporations regarding lamb mortality. This may be due to the lamb survival 

message being ‘hidden’ within a wider ‘reproductive efficiency’ focus, as in programs 

such as Lifetime Ewe Management (LTEM), or because the message is not being 

communicated in a way that reaches the majority of farmers. 

 

7.2 The Model of Goal-directed Behaviour 

The hypothesis that the MGB would significantly improve our understanding of 

farmers’ decision-making behaviour was supported. The main contributors to the 

additional explanatory power of the MGB, relative to the TRA and TPB, were PAE and 

NAE, as well as past behaviour. Indeed, if the MGB had not been used in the current 

study, the two classes of farmers would not have been identified.  

 

The frequency of past behaviour is likely to act upon intentions in two ways: by creating 

a habit, and by reducing risk and uncertainty (Perugini and Bagozzi 2001; Abadi 

Ghadim et al. 2005). For example, a farmer who has used pregnancy scanning more 

often in the past is likely to have greater knowledge about the process of pregnancy 



221 
 

scanning and how to use the results, as well as a greater mastery of the requisite skills 

than a farmer who has not used pregnancy scanning in the past. However, past 

behaviour cannot be changed or acted upon from an extension point of view. As such, 

the significant role of past behaviour identified in the current study merely confirms 

previous findings that once a farmer trials a particular strategy, he or she is more likely 

to use it again (e.g., Abadi Ghadim et al. 2005).  

 

PAE and NAE are likely to be of more use to researchers and extension practitioners 

than the frequency of past behaviour, as anticipated emotions can be manipulated 

through extension programs (e.g., Burnett and Lunsford 1994; Richard et al. 1996a). 

The specific anticipated emotions highlighted as important in the current study included 

relief, gladness, anxiety, worry, disappointment and guilt. The influence of anticipated 

relief, anxiety and worry is likely due to the role of lamb survival strategies as risk-

management tactics. The farmers that participated in the qualitative study stated that 

weather conditions have a strong influence on lamb mortality, and thus that the 

implementation of lamb survival strategies is likely only to yield benefits in ‘poor’ 

seasons. This is supported by the scientific literature (e.g., Alexander 1984; Nowak and 

Poindron 2006; Martin 2009). As such, the costs of implementing the strategies to little 

effect in ‘good’ years must be balanced with the risks of non-implementation in poor 

years (Martin 2009). Given this, it is perhaps unsurprising that farmers may worry and 

experience anxiety if they do not implement strategies to improve lamb survival rates, 

but experience a sense of relief if they do implement strategies.  

 

It is not immediately clear from the results or the literature why farmers may anticipate 

experiencing gladness, disappointment and guilt. Burnett and Lunsford (1994; pg. 33) 

define guilt as “a violation (or anticipated violation) of one’s internal standards” and 
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argue that guilt can be an important motivator of behaviour. In a farming context, this 

could be linked to Colman’s (1994) notion of stewardship, i.e., that farmers feel a sense 

of responsibility for their land and for their animals. In this way, if farmers feel an 

obligation to care for their livestock, which are after all their livelihood, to the best of 

their ability, a feeling of guilt may arise if they feel that they have missed an 

opportunity to prevent livestock deaths. However, it is also possible that feelings of 

guilt could arise from a perceived missed opportunity to maximise profit, particularly 

for farmers with profit-maximisation as their primary goal, or for those farmers with 

high levels of debt or trying to maintain a healthy business to pass on to the next 

generation. As such, further research is needed to investigate the factors that trigger a 

guilt response in farmers in relation to production-based decisions. Identifying these 

triggers may provide the opportunity to use guilt (or the avoidance of guilt) as a 

motivator in extension programs.  

 

Disappointment can be experienced when the outcome of a situation does not match the 

expected outcome (Bell 1985). In the context of the current study, this would mean that 

a farmer might experience disappointment because they did not implement pregnancy 

scanning when they expected that they would. The anticipation of disappointment, as 

indicated by the survey results, could be related to the relatively high levels of PBC. 

That is, because farmers feel relatively high levels of control over the decision to 

implement pregnancy scanning (the mean PBC score was 6.06, on a 1 – 7 scale), they 

are more likely to feel disappointed if they do not implement it, than if they had felt 

relatively low levels of control. Thus, it is speculated that the anticipated feelings of 

disappointment may stem from a sense of having let oneself down or from being 

prevented from implementing the strategies by external constraints. However, the cause 

is not immediately clear from the data collected. As decision-makers are motivated to 
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avoid disappointment, anticipated disappointment may influence their behaviour (Bell 

1985). 

 

Perugini and Bagozzi (2001) argued that anticipated emotions were conceptually 

distinct from the affective component of attitudes because they relate to the achievement 

of a goal, rather than the implementation of a behaviour. It is likely that this is why 

anticipated emotions were found to be important predictors of intentions in the present 

study. The use of pregnancy scanning allows farmers to attain the goal of improved 

lamb survival rates. In this way, although pregnancy scanning is the target behaviour, 

the goal is to improve lamb survival rates, and thus farmers are likely to judge their 

success based on the improvement in lamb survival, not the implementation of 

pregnancy scanning. 

 

7.3 Perceived behavioural control (PBC) and self-efficacy  

The hypothesis that PBC would significantly add to our understanding of intentions to 

adopt lamb survival strategies was not supported in the current study. PBC did not exert 

a significant influence on intentions, even though the literature review and the findings 

of the qualitative study suggested that perceptions of control would influence intentions.  

 

While this is seemingly counter-intuitive, the data on the current use of the various 

strategies to improve lamb survival rates may provide some insight. Only 34 percent of 

producers indicated that they currently used pregnancy scanning to identify twin-

bearing ewes (the definition of pregnancy scanning used for the measurement scales), 

while other strategies received much higher levels of use. Indeed, 13 of the 22 listed 

strategies were used more often than pregnancy scanning, suggesting that pregnancy 

scanning is not the first strategy that farmers consider when aiming to improve lamb 
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survival rates. It is probable that when farmers feel they have a high level of control 

over implementing pregnancy scanning, they also feel that they are in a position to 

implement other strategies to improve lamb survival rates, e.g. monitoring and 

maintaining ewes’ condition score. Thus, the usage information would suggest that, 

when perceptions of control over implementation are higher, farmers may be likely to 

choose to implement another strategy over pregnancy scanning. This may explain why 

the quantitative results did not support the qualitative findings that farmers are 

influenced by perceptions of control over the performance of strategies to improve lamb 

survival.  

 

It is also possible that PBC did not exert any influence on intentions because, from a 

farmers’ point of view, pregnancy scanning is a relatively easy technique to implement, 

requiring only the employment of a contractor to scan the ewes. As such, farmers may 

feel such high levels of control over their ability to implement pregnancy scanning that 

these perceptions simply do not exert a strong influence on their decision-making, and 

other factors, such as attitudes, play more important roles.  

 

Similarly, the hypothesis that self-efficacy would significantly add to our understanding 

of intentions to adopt lamb survival strategies was not supported by the structural 

equation modelling (SEM) results. As such, self-efficacy was not included in the 

reduced version of the MGB. However, caution is warranted in interpreting this. In the 

latent class regression (LCR) results, self-efficacy was a significant predictor of 

intentions for both groups of farmers. This is most likely due frequency of past 

behaviour being included in the SEM but not in the LCR. Frequency of past behaviour 

may be related to self-efficacy through its impacts on learning about pregnancy 

scanning and obtaining the skills required for implementation (e.g., Simpson et al. 
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2001; Abadi Ghadim et al. 2005). Farmers who have used pregnancy scanning more 

often in the past are likely to have higher perceptions of their ability to implement it 

again.  

 

The effect of past behaviour on self-efficacy is linked to previous research on risk and 

uncertainty, which shows that trialling, or previous experience with an innovation, can 

increase farmers’ confidence and increase adoption (Simpson et al. 2001; Abadi 

Ghadim et al. 2005).  Self-efficacy refers to a farmer’s perceptions of his or her own 

capabilities and skills necessary for implementing a behaviour (Bandura 1982), in this 

case pregnancy scanning. Thus, as previous experience increases, self-efficacy is also 

likely to increase. This is likely to explain why self-efficacy was highlighted as an 

important predictor of intentions when frequency of past behaviour was not included in 

the model. Indeed, the correlation between self-efficacy and frequency of past behaviour 

was 0.50, suggesting that they may be related. 

 
 

7.4 The use of strategies to improve lamb survival rates 

The use of several measurement techniques in the present study to investigate the use of 

strategies to improve lamb survival rates, provides considerable scope for better 

understanding farmers’ use of these strategies. In particular, the use of qualitative 

techniques allows for a deeper interpretation of the quantitative results, and the use of 

best-worst scaling (BWS) allows for the comparison of the use of strategies with their 

perceived efficacy. 

 
Strategies related to feed and nutrition were perceived to be the most effective at 

improving lamb survival rates, were the most commonly used and appeared likely to 

remain the most commonly used strategies in the future. This appears to confirm that 
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farmers act in accordance with their attitudes and perceptions. The popularity of the feed 

and nutrition strategies is likely due to the perception of nutrition as one of the major 

causes of lamb mortality (Chapter 4). Additionally, the major extension programs aimed 

at improving reproductive efficiency (e.g., LTEM, BESTWOOL/BESTLAMB) focus 

heavily on the impacts of nutrition on reproduction (Curnow et al. 2011; DPI Victoria 

2011), and this may have influenced farmers’ perceptions of the effectiveness of 

targeting nutrition, even if it has not resulted in widespread adoption. That farmers 

perceive feed and nutrition strategies to be effective methods of improving lamb 

survival, yet have not adopted these strategies in large numbers, supports the finding 

that not all farmers are primarily influenced by their attitudes, and reiterates the need to 

address other factors, specifically anticipated emotions, when trying to change farmers’ 

behaviour. 

 

The flock management strategies were perceived to be the second-most effective general 

approach to improving lamb survival after feed and nutrition, although both the current 

and predicted future use of these strategies were lower than might be expected. This 

highlights the influence of factors other than attitude (in this case, perceived control 

over external constraints) on behaviour. For example, in the qualitative phase of the 

study, producers expressed the belief that shearing just before lambing allowed them to 

increase their lamb survival rates, but that it was often difficult to ensure that shearing 

was done at the right time. As such, although farmers believe that flock management 

strategies are effective at improving lamb survival rates, external factors, such as time 

constraints, may prevent them from implementing these strategies in an effective 

manner.  
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Enterprise factors, such as the enterprise focus, may both influence attitudes and affect 

the degree to which other factors influence management decisions. For example, wool 

producers viewed flock management strategies as more effective than other farmers, 

most likely due to differences in enterprise structure. Specialist wool producers usually 

have stud flocks in addition to their commercial flocks and, as expressed in the 

qualitative phase, the greater value of stud sheep allows farmers to justify greater 

expenditure and effort in increasing lamb survival (e.g., Deane and Malcolm 2006). For 

this reason, it seems probable that wool producers would be more likely to mother up 

ewes and lambs, for example, than other farmers and thus view strategies of this type as 

more effective.  

 

The genetics and control of predators approaches were perceived to be the least 

effective at improving lamb survival rates, despite the farmers’ assertion in the 

qualitative phase that predation was a major cause of lamb mortality. There are two 

possible explanations for this, based on the qualitative findings. First, the perceived 

necessity for neighbouring farmers to control predators as well for control strategies to 

work is likely to have influenced perceptions of ineffectiveness. The shift to cropping 

enterprises during the 1990s and early 2000s (Shafron et al. 2002), as evidenced by the 

reduction in national sheep numbers (Curtis 2009), meant that many farmers who have 

stopped producing sheep no longer perceived a need to control predators on their 

properties. As such, the farmers who continued to implement control strategies reported 

finding them less effective. Recent increases in lamb prices have resulted in growth in 

the national flock, which seems likely to continue (Athas 2011; AWI 2011). Thus, it is 

possible that, as farmers move back into sheep production, the implementation of 

predator control strategies will increase. It is probable that, as more farmers act to 
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control predators, the degree of control over predators will increase, leading to 

corresponding increases in the perceived effectiveness of control strategies. 

 

Second, the debate over the role of predators in lamb mortality may provide an 

explanation for the difference between the perceived efficacy and actual use of control 

strategies. The qualitative findings demonstrate that, although predators were named as 

one of the major causes of mortality, some farmers argued that predators generally 

killed lambs that were likely to die anyway. This assertion is supported by the literature, 

with Alexander (1984) stating that predators are often a convenient scapegoat, and that 

predation is, in the majority of cases, a secondary cause of mortality. Given this, it 

would appear that the implementation of predator control strategies would be unlikely 

to have significant impacts on lamb survival, resulting in perceptions of ineffectiveness. 

However, predator activity is easily identified – it is very clear when a lamb has been 

attacked by a predator, even if the predator activity was not the primary cause of death. 

The prevalence of predation as a secondary cause of mortality means that many more 

lambs are mutilated by predators than actually die because of predation (Alexander 

1984). As such, it is easy for farmers to conclude that predators are responsible for a 

much higher proportion of lamb deaths than is actually the case. The apparently easily 

identifiable source of the problem means that farmers are more likely to act to prevent it 

than if the cause was not so easily identified. However, implementing strategies to 

control predators is, as discussed earlier, unlikely to improve lamb survival rates. 

 

Similarly, farmers expressed the belief that genetic technologies were often too 

expensive and too complicated for most farmers to use. However, the quantitative study 

indicated that a greater than expected number of farmers were considering the future use 

of genetics strategies. In light of the optimism about the future of genetic technologies 
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expressed in the qualitative phase, and the scientific evidence for the effectiveness of 

using genetics to improve lamb survival (e.g., Banks 2002; Brien et al. 2010), this 

suggests that the popularity of genetics strategies is likely to increase. 

 

The anticipated increase in the use of genetics strategies in the future is of interest in 

light of the perceived ineffectiveness of these strategies. Again, the qualitative findings 

may provide some insight. Several farmers expressed optimism with regards to genetics 

research and the development of new genetic technologies to help farmers, while 

acknowledging that the currently available technologies could be overly expensive and 

complicated. Thus, it appears that the perceptions of ineffectiveness may reflect the 

difficulties most farmers face in using genetic technologies, rather than only reflecting 

farmers’ perception of the ability of genetic technologies to improve lamb survival in 

their flock. That is, farmers appear to think that genetic technologies can provide 

benefits and improvements, as shown in the literature (e.g., Brien et al. 2010), but that 

the current complexity and expense of these technologies mean that it would be 

ineffective to use these technologies on their farms. However, while farmers perceived 

genetics strategies to be ineffective at the time of responding to the survey, it appears 

that they were optimistic about future improvements in the ease and cost of using 

genetic technologies on their farms. This optimism may be a result of the emphasis 

placed on genetics in recent research and development activities by organisations such 

as the Sheep CRC (e.g., Sheep CRC 2011). 

 

There were some differences in the perceived effectiveness of groups of strategies based 

on demographic variables, but these were not reflected in differences in strategy use. 

For example, farmers from Queensland tended to perceive genetics strategies as less 

effective than farmers from Tasmania, NSW and Victoria, and control of predators 
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strategies as more effective than farmers from all other Australian states. These 

differences in perceived effectiveness across demographics are likely due to differences 

in enterprise and farming systems, as illustrated in the earlier example of wool 

producers and flock management strategies. Such differences between demographics 

have also been observed in previous studies (e.g., Vandersmersch and Mathijs 2002; 

Vanclay 2004; Driedonks et al. 2005; Rehman et al. 2007). The higher perceived 

effectiveness of the control of predators strategies in Queensland could also reflect that 

predators may be a greater problem in that state than in other areas. The differences 

between states in perceived effectiveness could also be due to differences in the 

effectiveness of extension activities between the states. However, despite the differences 

in perceived effectiveness, there were few differences between demographics in the 

actual use of these strategies. 

 

That the differences in perceived effectiveness tended not to be reflected in strategy use 

suggests that factors other than perceived effectiveness influence farmers’ use of lamb 

survival strategies. The apparent discrepancies could be due to decisions being made by 

the family unit, as is common on many farms (Mooney and Fulton 2008). Thus, the 

decision could reflect the perceptions of other members of the family unit. It seems 

unlikely, however, that this would fully explain the situation though, as it is improbable 

that, while the views of the responding farmers differed by state, there was sufficient 

similarity between Australian states in the views of other family members to fully 

cancel out any effects on behaviour.  

 

A more likely explanation for differences in perceived effectiveness not being reflected 

in strategy use relates to the notion of ‘good farming practice.’ Farming populations 

tend to create social norms of what constitutes good practice, which act as guidelines on 
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how farmers should manage their farms (Phillips and Gray 1995; Vanclay 2004). Thus, 

farmers may perceive expectations and pressure to adopt strategies that they do not 

necessarily perceive as effective in order to fit in with the normative concept of ‘good 

farming’ (Vanclay 2004).  

 

7.5 Implications of the present study 

The results of the current study have several implications for current practice. These 

implications will be discussed in the following section. Implications for extension 

practitioners will be discussed in section 7.5.1, and implications for R&D policy in 

section 7.5.2. Implications for animal welfare will be discussed in section 7.5.3. Finally, 

implications for researchers will be discussed in sections 7.5.4. 

 

7.5.1 Implications for extension practitioners 

The results of the present study provide important insights for those developing and 

delivering extension programs. The results demonstrated that there are two distinct 

groups of farmers in terms of decision-making, and that attitudes, anticipated emotions 

and self-efficacy play important roles in influencing their decisions. Further, it would 

appear that those farmers influenced primarily by attitudes were more likely to already 

use pregnancy scanning to improve lamb survival rates, while adoption rates amongst 

the emotions-driven farmers were much lower. This implies that current extension 

methods may have been successful in inducing practice change within attitudes-driven 

farmers, but not within emotions-driven farmers, i.e. that these methods have reached 

only 50 percent of the farming population. Finally, it should be kept in mind that 

farmers implement lamb survival strategies in order to help them achieve the goal of 

increasing lamb survival rates, regardless of whether they are attitudes-driven or 

emotions-driven. 
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The different factors influencing behaviour must be addressed and utilised in different 

ways within extension programs. For example, when self-efficacy is a significant 

determinant of intentions, Michie et al. (2008) recommend incorporating monitoring 

and self-monitoring processes, graded tasks with increasing complexity and the 

rehearsal of skills on a regular basis and in different settings into behavioural 

intervention programs. These recommendations correspond with practice in successful 

sheep industry extension programs such as LTEM (Trompf et al. 2010). For example, 

participants in LTEM complete exercises in feed budgeting, both for their own property 

and other participants’ properties, at each meeting, build on their pasture and nutrition 

management skills at each successive meeting, and have the opportunity to both provide 

and receive feedback on skill development (Trompf et al. 2010). Further, LTEM utilises 

a small-group participation model to maximise social processes such as encouragement 

and support for participants (Trompf et al. 2011), as recommended by Michie et al. 

(2008) for facilitating goal achievement. Michie et al. (2008) also recommended 

personalising the extension message when facilitating goal achievement. LTEM 

achieves this by focusing learning on participants’ own properties, ensuring that the 

training is relevant to each participant (Trompf et al. 2011). Other programs, such as 

BESTWOOL/BESTLAMB and the Triple P Program, employ similar techniques 

(Trompf and Sale 2001a; DPI Victoria 2011). Thus, it appears that intervention 

techniques designed to act upon self-efficacy and goal achievement have been 

successfully used in some sheep industry extension programs. However, as previously 

discussed, despite the demonstrated success of such programs at facilitating behaviour 

change amongst participating producers, only a small proportion of producers do 

participate (Donnelly et al. 2002; Logan 2005; Trompf et al. 2011) 
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Most extension messages within the sheep industry appear to focus on how new 

technologies and practices can be used to improve productivity and profitability (e.g., 

Donnelly et al. 2002; Trompf et al. 2010; DPI Victoria 2011; Trompf et al. 2011). Thus 

they take a rational approach, providing facts. However, the role of anticipated emotions 

demonstrated by the present study suggests that more use should be made of emotions 

in extension. Similarly, Morrison et al. (2011) found that farmers responded more 

favourably to extension messages containing emotional appeals, focusing on the family 

and individual farms, than purely rational, fact-based messages. Further, Morrison et al. 

(2011) noted that, while the rational messages were effective in creating initial 

awareness, emotional appeals appeared to provide the motivation to act. Likewise, 

Leone at al. (2005) argued that anticipated emotions can act as motivation.   

 

Anticipated emotions could be utilised in extension programs by encouraging 

participants to think about how they might feel upon the completion of the behaviour or 

the achievement of the goal. For example, Richard et al. (1996b) found that people who 

were encouraged to think about how they might feel after having unsafe sex formed 

stronger intentions not to engage in unsafe sex than those who were not encouraged to 

anticipate their emotions. Given that NAE was a stronger predictor of intentions in the 

LCR than PAE, it seems likely that addressing the negative emotions would yield the 

greatest benefit. Promoting lamb survival strategies as a way to avoid guilt over doing 

nothing may increase the appeal of the strategies (Huhmann and Brotherton 1997; 

McDermott 2008). Similarly, although inducing high levels of anxiety may exacerbate 

the adoption problem by inducing defensiveness, highlighting the potential of lamb 

survival strategies to reduce anxiety and minimise risk may increase adoption (Richard 

et al. 1996a). Further research is required to trial such interventions in an agricultural 

context, as examples were not found in the literature. 
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Potential sources of stress to farmers, and ways to reduce the impacts of these stressors, 

should also be considered in the development of extension programs, especially given 

the importance of anticipated worry and anxiety (Michie et al. 2008). This necessitates 

the identification of farmers’ stressors and emotional triggers. This may be addressed, at 

least in part, by findings from the qualitative phase of the present study, in which 

participants discussed perceived external constraints to adoption. The identified 

constraints – costs, time, labour, weather constraints, consumer pressure and 

interference, and restrictive legislation – may serve as stressors for farmers and should 

be addressed in extension programs. For example, the costs of implementing a 

particular strategy should be made clear, but the presentation of this information in 

combination with the benefits which could reasonably be expected from adoption may 

assist in decision-making. However, further research is necessary to identify farmers’ 

emotional triggers. 

 

It should be noted that farmers could be forced to act to improve lamb survival by the 

industry adopting a set of mandatory ‘best practise’ guidelines. For example, in order to 

sell their lambs, farmers could have to demonstrate that they implemented or avoided 

certain practices.  However, given the complex nature of lamb mortality, the size of the 

industry, and the variety of effective lamb survival strategies available, such a scheme 

seems impractical in terms of both design and implementation. Instead, it would appear 

more effective to focus attention on convincing farmers to improve lamb survival using 

a ‘carrot’, rather than a ‘stick’ approach. 
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7.5.2 Implications for R&D policy 

The results of the current study suggest that greater investment in development and 

extension is justified, and would likely result in increased uptake of best practice 

techniques by farmers. As demonstrated by the very large pool of literature, examples of 

which are provided in Table 2.2, the research into lamb survival has resulted in the 

development of numerous, very successful, strategies to improve lamb survival rates. 

The results of the present study, such as the usage data, attitudinal scores and qualitative 

findings, indicate that, for the most part, farmers agree that the developed strategies 

work. Even where strategies were perceived to be relatively ineffective, such as the 

genetics strategies, the qualitative data indicated that there was a high degree of 

optimism amongst farmers about the future of these strategies, in line with the 

demonstrated effectiveness of genetic technologies at improving lamb survival (e.g., 

Banks 2002; Brien et al. 2010). Previous research demonstrated high levels of 

behaviour change amongst farmers who participated in extension activities (e.g., 

Trompf and Sale 2001b; Logan 2005; Trompf et al. 2011), providing further support for 

the idea that farmers do have confidence in the lamb survival research and are willing to 

adopt it.  

 

The seemingly high level of confidence in the research suggests that industry research 

bodies should, in the future, focus on ensuring that the research is available in a 

practical and easy-to-use form for farmers (e.g., easy to trial on a small scale to increase 

self-efficacy), and that extension strategies are carried out in a way that maximises 

farmer participation. Under the technology transfer model, facilitating behaviour change 

has been treated almost as an afterthought, with seemingly little consultation with 

farmers about their felt needs (Ruttan 1977; Röling 1988; Vanclay 2004). A fourth-

generation R&D approach, in which R&D is informed by producers’ perspectives is 
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likely to yield better results in terms of adoption (Niosi 1999). This kind of approach is 

more flexible and collaborative, and integrates the knowledge of all stakeholders, 

including farmers (Miller and Morris 1998; Niosi 1999). This will require a substantial 

portion of R&D funding to be used to consult with, and engage, producers, in order to 

investigate their felt needs, gauge their opinions on new areas of research, and develop 

effective methods of promoting behaviour change. However, Niosi (1999) argues that 

such an approach can reduce R&D costs (by making use of all available knowledge and 

reducing unnecessary research) while simultaneously accelerating innovation and 

improving adoption. 

 

While it is recommended that a fourth generation R&D approach be adopted by the 

sheep industry, current industry extension programs such as LTEM and 

BESTWOOL/BESTLAMB could continue to yield benefits, in the short term at least. 

Such programs have yielded very high levels of behaviour change by participating 

farmers, although participation levels tend to be low (Donnelly et al. 2002; Logan 2005; 

Trompf et al. 2011). There is, however, scope to extend these programs to increase their 

impact on the community without requiring a large investment from industry. Over 90 

percent of producers who participated in LTEM reported recommending the program to 

other producers (Trompf et al. 2011), suggesting that they were keen to share their new 

knowledge with their peers. Extension officers could take advantage of this desire to 

share knowledge by “training the trainers”, and encouraging farmers who had 

participated in LTEM to act as mentors for other farmers wishing to learn more about 

the Lifetimewool principles and how to implement them on their farms. The LTEM 

farmers will act as examples of farmers who have made these changes already and who 

have found them to be successful. This technique can encourage practice change by 

creating a norm and reassuring farmers that others have also made the recommended 
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changes and have seen results (Whay and Main 2010). Acting in a mentoring role is 

also likely to encourage the LTEM farmers to continue applying Lifetimewool 

principles on their farms, as to not do sure would make them appear inconsistent (Whay 

and Main 2010). People like to be seen to act in a way consistent with how they present 

themselves, so when a farmer agrees to display a sign of commitment to Lifetimewool 

principles by encouraging others to take them on, they becomes more committed to 

those principles themselves (Whay and Main 2010). Hosting an open day at one of the 

participant’s farms at the end of the LTEM course would provide a good opportunity for 

interested farmers to learn more about the recommended behaviours, meet farmers who 

have already made the recommended changes and possibly make a commitment to at 

least learn more about the principles from one of the LTEM farmers. The open day and 

mentoring programs could easily be added on to the end of current programs and require 

very little additional commitment from extension practitioners and facilitators, while 

increasing engagement amongst farmers and improving adoption.   

 

7.5.3 Implications for animal welfare 

It can be difficult to encourage farmers to make changes to their farming practices in 

order to improve animal welfare, especially when these changes require a greater 

investment of money and/or time and often do not provide direct benefits for the farmer 

(Maybery et al. 2005; Pannell et al. 2006; Whay and Main 2010). In this way, industry 

stakeholders trying to encourage the adoption of lamb survival strategies are at an 

advantage in that improved lamb survival does not just yield benefits in terms of animal 

welfare - farmers can also improve their productivity and profitability (e.g., Young 

2005). However, the findings of the present study in terms of how farmers perceive 

lamb mortality tended to be mixed. For example, farmers in the qualitative phase of the 

study emphasized the role of lamb production in their income stream and demonstrated 
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generally high levels of interest in improving lamb survival rates. The same farmers 

tended to view the impacts of lamb mortality on animal welfare more as an issue of 

public perceptions, rather than an actual problem in terms of animal suffering. Losses to 

predators were a notable exception. Likewise, although farmers in the quantitative phase 

tended to perceive current lamb mortality rates as a problem for the sheep industry, they 

were less likely to perceive lamb mortality to be a problem on their farms, and held only 

moderately positive beliefs that they needed to address lamb mortality on their farm. 

This may reflect the relatively high lamb survival rates on respondents’ farms. 

However, when considered in conjunction with the qualitative findings, it suggests that 

it may be more useful to promote improvements in lamb survival as a method of 

increasing profits, rather than improving animal welfare. 

 

Despite the apparent lack of recognition of the animal welfare issues inherent in lamb 

mortality, it seems likely that the role of emotions in decision-making is a result of the 

animal welfare aspects. Colman (1994) discussed the role of stewardship in decision-

making, arguing that many farmers feel an obligation to look after their land, or their 

livestock, as well as possible and that this sense of responsibility influences their 

management decisions. The role of anticipated guilt in decision-making in the present 

study suggests that farmers may feel a similar obligation to improve lamb survival. 

Indeed, farmers who are concerned with animal welfare tend to have a higher degree of 

empathy with animals (Austin et al. 2005). Based on Burnett and Lunsford’s (1994) 

definition of guilt as a violation of personal standards, this increased empathy could 

lead to feelings of guilt if farmers felt that they had failed to prevent animal suffering. 

Additionally, Norwegian farmers reported that their own well-being could act as a 

motivation for ensuring good animal welfare as they felt better emotionally when their 

animals’ welfare was looked after (Borgen and Skarstad 2007). As such, anticipated 
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emotions may play a significant role in decision-making about lamb survival because of 

the animal welfare aspects, and may not be so important in other decisions. This is only 

speculation and consequently requires further research. However, by identifying the role 

of anticipated emotions in decisions on lamb survival strategies, the present study 

allows for the increased adoption of these strategies and consequently improvements in 

animal welfare.  

 

7.5.4 Implications for researchers 

The results clearly illustrated the usefulness of drawing on consumer behaviour 

methodology to examine a wider range of influences on farmer decision-making, 

especially in relation to animal welfare issues. It should be noted that all three of the 

proposed explanatory models explained extremely high proportions of the variation in 

intentions in the present study. In contrast to the 61 percent of variation explained by 

the TPB in the current study, previous studies using the TPB have explained between 27 

and 39 percent of the variation in intentions (Armitage and Conner 2001). This suggests 

that such models, the MGB in particular, will be very useful to extension researchers 

and practitioners investigating and developing extension programs for farmers. Further, 

the identification of two very different sub-groups or classes of farmers that differ on 

the factors that influence their intentions to implement pregnancy scanning, offers a new 

direction for research into farmer behaviour.  

 
There were two methods of data analysis used in the present study which could be of 

particular use to researchers in this area. These techniques, best-worst scaling (BWS) 

and latent class regression (LCR), and their contributions to the current study, will be 

discussed in the following section. 
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The use of BWS contributed significantly to the understanding of farmers’ perceptions 

of the efficacy of the four general approaches for improving lamb survival rates. As 

previously discussed, the feed and nutrition approach was perceived to be the most 

effective and was also the most commonly used group of strategies, indicating that, in 

this case at least, farmers acted in accordance with their attitudes. However, the use of 

the other general approaches did not match their perceived effectiveness, reinforcing the 

conclusion that other factors in addition to attitudes, such as social norms, influence 

behaviour. For example, the flock management approach was perceived to be the 

second-most effective at improving lamb survival rates but these strategies were used 

less than expected, whereas the genetics and control of predators approaches were 

perceived to be ineffective, but their use matched statistical expectations. Additionally, 

differences in perceived effectiveness of the general approaches between demographics 

did not translate into differences in the use of these general approaches. Thus, BWS can 

be used by researchers who wish to measure relative attitudes in a simple and relatively 

fast manner, and is likely to yield a more accurate representation of farmers’ perceptions 

of relative characteristics than simply examining behavioural data. However, 

researchers should be aware that, while BWS is an extremely useful measure of relative 

attitudes, the data obtained is unlikely to provide accurate predictions of intentions or 

behaviour. 

 
The use of LCR allowed the identification of the two distinct classes of farmers based 

on the factors relied upon for decision-making. However, the results of LCR may not 

always be of practical significance. For example, when used in conjunction with the 

MGB data, the LCR yielded two different classes of farmers which were differentiated 

on factors (e.g., attitudes and anticipated emotions) that can easily be used by extension 

practitioners. This suggests that there could be considerable gain from separating 

farmers into their respective classes and targeting each class accordingly. However, 
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although the LCR did reveal different classes of farmers using the TPB data, the farmers 

in these classes all used the same factors in their decision-making, just to different 

degrees. Thus, while it is interesting in a theoretical sense to know that some farmers 

base their decisions more heavily on subjective norms than attitudes, in practice this 

differentiation does not really give extension practitioners any new insight into how to 

facilitate behaviour change in that group of farmers. In other words, although the LCR 

results from the TPB data suggested that extension packages should focus on changing 

attitudes and, to a lesser degree, subjective norms, they indicated that there is likely to 

be little gain from separating farmers into their respective classes and providing targeted 

extension strategies for each group. As such, researchers using LCR should ensure that 

the results are of practical significance before making recommendations based upon 

these results. 

 

7.6 Limitations of the study 

As with all research, the present study did have some limitations. First, a limitation 

related to the online data collection approach resulted from the often-unreliable internet 

connections in some regional areas. A small number of respondents reported that their 

internet connection failed (or ‘timed out’) during the survey and they were required to 

commence the survey again. Although the respondents who reported these issues to the 

research team requested, and consequently returned, hard-copies of the survey, it is 

likely that a greater number of potential respondents simply gave up and did not 

complete the survey. Despite this, the online data collection method was advantageous, 

as it allowed for data collection from a geographically-diverse population in a relatively 

short time. Further, the use of online surveys was of major benefit in that it minimised 

missing data by preventing respondents from skipping questions. Conversely, 10 of the 

15 mailed surveys contained missing data, in one case 70 percent of the questions had 



242 
 

been skipped, and were not included in the final dataset. The problems posed by 

intermittent internet collections could, in hindsight, have been remedied by 

acknowledging this in the survey introduction and informing potential respondents that 

they could request a hard-copy of the survey if this was a concern. 

 

A further limitation related to the length of the survey. The survey contained 

approximately 75 questions, some of which required multiple responses. Although the 

majority of questions required the respondent simply to mark their position on a scale, it 

was estimated that completion would take approximately 20-30 minutes. While the 

length of the survey reflected the complexity of the models, it is possible that this 

reduced response rates, as longer surveys tend to yield lower responses (Jepson et al. 

2005). The length of the survey also means that it is likely that producers who do not 

necessarily see lamb survival as a pertinent issue may not have completed the survey, 

thus resulting in a biased sample. The timing of the study is likely to have minimised 

this risk though, as numerous farmers reported recently experiencing several poor 

seasons in terms of lamb survival. Therefore many farmers were keen to be involved in 

the research. 

 

The self-report methods used may have resulted in further bias, although this tends to be 

minimised with online research (Grandcolas et al. 2003). Given the wide range of 

opinions regarding pregnancy scanning expressed in the qualitative phase of the study, 

it seems unlikely that self-report bias affected the responses to the modelling measures. 

Despite this, self-report bias may have affected the responses on the use of strategies, 

due to a possible desire to appear to be acting to improve lamb survival. It is interesting 

to note that most farmers perceived lamb mortality to be less of a problem on their farm 

than for the industry as a whole. It was unclear whether this was because respondents 
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already had relatively high lamb survival rates or because they did not want to admit to 

what they may consider ‘poor farming.’  

 

The necessary focus on pregnancy scanning limits the generalizability of the results to 

other strategies to improve lamb survival rates. In particular, the influence of PBC on 

intentions to implement other strategies may differ, given that it appears that when 

farmers feel they have control over implementation, they are likely to adopt another 

strategy ahead of pregnancy scanning. However, it was necessary to choose a specific 

target behaviour on which to focus and the qualitative phase highlighted a high level of 

variation in attitudes towards pregnancy scanning. Further, pregnancy scanning was 

included in the group of strategies perceived as the most effective and used most 

commonly.  

 

The sample size, although deemed sufficient for the analysis methods employed, was 

small in relation to the industry population as a whole. Twenty-nine producers 

participated in the qualitative phase of the research, and 168 producers submitted 

completed, usable survey for the quantitative phase. In 2001, it was estimated that there 

were 40,000 farms running sheep, accounting for 98 percent of the national flock 

(Shafron et al. 2002). However, although the sample was small, it encompassed a 

variety of farming enterprises and locations, and as such, it was deemed appropriate. 

 

Given the identification of anticipated emotions as important predictors of intentions, 

and the slight negative relationship between PBC and intentions, it would have been 

useful to probe these issues further. While qualitative research methods were used in the 

preliminary phase of the study to assist in the development of the survey, a second 

qualitative phase following the survey could be beneficial. It is therefore recommended 
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that further research be conducted to investigate the main findings of the study in 

greater depth.  This could include identifying the stressors and emotional triggers 

related to adopt and investigating methods of incorporating these effectively into 

extension programs.  

 

It should be noted that the final model could be interpreted as an extended TPB or a 

modified MGB. The decision to refer to it as a modified MGB was due to the original 

model’s identification of additional constructs. In this study, desire was found to be 

indistinct from intention, indicating that it was unnecessary to include the desire 

construct in the model. However, the anticipated emotions constructs, PAE and NAE, 

and frequency of past behaviour were found to be significant predictors of intentions. 

The anticipated emotions constructs focus on the outcome of the behaviour in question, 

the goal of improving lamb survival rates (Perugini and Bagozzi 2001). Consequently, it 

seemed most appropriate to view the final model as a modified MGB. 

 

7.7 Concluding remarks 

The current research project investigated the factors influencing farmers’ adoption of 

strategies to improve lamb survival, in light of the poor adoption of these strategies 

despite high lamb mortality rates. It was argued that the low levels of adoption of these 

strategies were most likely a result of a technology-transfer focus within extension and 

that models used within marketing and social psychology might provide further insights 

into farmers’ decision-making.  

 

One such model, the MGB, was demonstrated to be particularly effective in explaining 

farmers’ intentions to adopt pregnancy scanning. This is most likely due to the inclusion 

in the model of anticipated emotions, as both positive and negative anticipated emotions 
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were shown to be significant predictors of intentions. Additionally, it was found that 

there were two distinct groups of farmers: one influenced primarily by anticipated 

emotions, and the second driven by attitudes. It appears that the group of farmers 

influenced by attitudes were more likely to have adopted pregnancy scanning than the 

other farmers, suggesting that current extension methods are more effectively targeting 

attitude-driven farmers than emotions-driven farmers. The implications for extension 

programs, as currently most extension appears to focus on rational, fact-based 

arguments for adoption, are that a significant proportion of the target audience are not 

being communicated with effectively. In order to reach and facilitate behaviour change 

within this group of farmers, it is necessary to address anticipated emotions. Thus, 

further research is warranted to investigate how anticipated emotions can be 

incorporated into sheep industry extension programs and how these extension programs 

can better reach emotions-driven farmers. This will enable extension practitioners to 

more effectively promote strategies to improve lamb survival rates, resulting in 

increased lamb survival across the industry. Finally, it was proposed that the role of 

anticipated emotions may be particularly important for decisions relating to animal 

welfare, due to the potential for feelings of stewardship amongst farmers. While further 

research is required to confirm this, it suggests that the results of the present study could 

provide a basis for improving animal welfare across the animal production industries. 
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Appendices 

 



 
 

Appendix 1 – The major publications in agricultural extension and adoption 
research between 2000 and 2011 
 

Publication Research focus Target behaviour 

Abadi Ghadim et al. 
2005 

Risk and uncertainty Adoption of chickpeas 

Isengildina and Hudson 
2001 

Risk and uncertainty Choice of marketing 
strategies 

Pennings and Leuthold 
2000 

Risk attitudes Use of forward contracts 

Greiner et al. 2009 Goals and motivations, 
risk 

Conservation behaviour 

Maybery et al. 2005 Goals and motivations Conservation behaviour 

Shucksmith and Herrman 
2002 

Goals and motivations Farming behaviour 

Vandersmersch and 
Mathijs 2002 

Goals and motivations Farming behaviour 

Deane and Malcolm 2006 Attitudes, risk Price risk management 

Jackson et al. 2007a Attitudes Use of forward contracts 

Kingwell and Cook 2007 Attitudes Salinity management 

Llewellyn et al. 2004 Attitudes Integrated weed management 

Morgan-Davies et al. 
2006 

Attitudes Ecto-parasite management 

Garforth et al. 2006 TRA Use of oestrus detection 
technologies 

Jackson et al. 2007b TRA, TPB Price risk management 

Jackson et al. 2009 TRA, TPB Price risk management 

Marshall et al. 2010 TRA Conservation behaviour 

Rehman et al. 2003 TRA Use of oestrus detection 
technologies 

Rehman et al. 2007 TRA Use of oestrus detection 
technologies 



 
 

Artikov et al. 2006 TPB Use of climate forecasts 

Beedell and Rehman 
2000 

TPB Conservation behaviour 

Bergevoet et al. 2004 TPB Entrepreneurial behaviour 

Coleman et al. 2003 TPB Use of electric prods 

Ellis-Iverson et al. 2010 TPB Zoonotic disease control 

Gorton et al. 2008 TPB Diversification and scheme 
participation 

Hu et al. 2006 TPB Use of climate forecasts 

Jackson et al. 2008 TPB Use of forward contracts 

Keong and Hirst 2010 TPB Use of new technologies 

Lapple and Kelley 2010 TPB Conversion to organic 
farming 

Sutherland et al. 2010 TPB Agri-environmental scheme 
participation 

Wauters et al. 2010 TPB Conservation behaviour 

Ada et al. 2006 Demographics Price risk management 

Driedonks et al. 2005 Demographics Use of electronic marketing 

Fuglie and Kascak 2001 Demographics Conservation behaviour 

Gillespie et al. 2007 Demographics Use of best management 
practices 

Bohnet et al. 2011 Farming styles Conservation behaviour 

Howden and Vanclay 
2000 

Farming styles Farming behaviour 

Mesiti and Vanclay 2006 Farming styles Farming behaviour 

Thomson 2002 Farming styles Farming behaviour 



 
 

Vanclay et al. 2006 Farming styles Farming behaviour 

Alexander et al. 2000 Information networks Conservation behaviour 

Lockie 2002 Information networks Conservation behaviour 

Lockie and Rockloff 
2004 

Information networks Conservation behaviour 

Byrne et al. 2010 Whole-farm economics Adoption of lucerne 

Burton 2004 Review Scheme participation 

Knowler and Bradshaw 
2007 

Review Conservation behaviour 

Marra et al. 2003 Review Use of new technologies 

Pannell et al. 2006 Review Conservation behaviour 
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copyright reasons. 

 

Please refer to the print copy of the thesis, held in the University Library. 

 



 
 

 

 

 
Appendix 3 - Focus group information sheet  

and consent form 

 

 
 
 
 

Factors affecting the adoption of lamb survival strategies 

 
We are investigating the factors affecting lamb survival. This is an important issue as it is 
estimated that on average, only 75 - 90% of lambs survive through to weaning in Australia.  
 
We seek your assistance as a participant in a focus group. Your cooperation is vital for the 
completion of this project. We anticipate the focus group discussion to take no longer than two 
hours. The location for the focus group will be the most convenient to the group participants.  
 
During the focus group, lamb survival strategies and factors influencing the adoption of said 
strategies will be discussed. You will be free at any time to withdraw consent to further 
participation without prejudice in any way. You need give no reason nor justification for such a 
decision.  

The focus groups will be audio-recorded and transcribed to ensure that all responses 
are captured. Once transcriptions have been made, the audio recordings will be 
destroyed. No identifying information will be contained in the transcripts. In this way, all 
of your responses will be anonymous and confidential, and the data will be reported in 
a way that will ensure that you will not be identified.  
 
Thank you for your consideration of this important research project. 

Yours sincerely, 

Jo Elliott 

 
This project is being conducted by Jo Elliott, Dr Dominique Blache, Associate Professor Julie 
Lee and Dr Jo Sneddon from the University of Western Australia. The project is being funded 
by the Sheep CRC. Should you have any questions relating to this study, Jo may be contacted 
on ph: 0410 590 186 or ellioj01@student.uwa.edu.au and Dr Blache may be contacted on ph: 
6488 3587 or dbla@animals.uwa.edu.au. 

  

Joanne Elliott 
 
M085 
The University of Western Australia 
35 Stirling Highway 
CRAWLEY WESTERN AUSTRALIA 6009 
 
Phone 6488 2976 
 0410 590 186  
Fax 6488 2243 
Email ellioj01@student.uwa.edu.au  
 
CRICOS Provider Code: 00126G 



 
 

 
 
 
 
 
 
 
 
 
 
 

Consent Form  

I (the participant) have read the information provided and any questions I have 
asked have been answered to my satisfaction.  I agree to participate in this focus 
group, realising that I may withdraw at any time without reason and without 
prejudice.  

I understand that audio recordings of the focus group will be made to allow 
transcription and I give my consent for this to occur. I agree that research data 
gathered for the study may be published provided my name or other identifying 
information is not used.  

I understand that all information provided is treated as strictly confidential and will 
not be released by the investigator unless required to by law.  I have been advised as 
to what data are being collected, what the purpose is, and what will be done with the 
data upon completion of the research. 

I agree that research data gathered for the study may be published provided my 
name or other identifying information is not used. 

 

 
______________                    __________________ 
 Participant                            Date 

 
The Human Research Ethics Committee at the University of Western Australia requires 
that all participants are informed that, if they have any complaint regarding the 
manner, in which a research project is conducted, it may be given to the researcher or, 
alternatively to the Secretary, Human Research Ethics Committee, Registrar’s Office, 
University of Western Australia, 35 Stirling Highway, Crawley, WA 6009 (telephone 
number 6488-3703). All study participants will be provided with a copy of the 
Information Sheet and Consent Form for their personal records. 
 
  

Joanne Elliott 
 
M085 
The University of Western Australia 
35 Stirling Highway 
CRAWLEY WESTERN AUSTRALIA 6009 
 
Phone 6488 2976 
 0410 590 186  
Fax 6488 1040  
Email ellioj01@student.uwa.edu.au 
 
CRICOS Provider Code: 00126G 



 
 

Appendix 4 - Focus group interview guide 

 
FARM BACKGROUND  

1. location and size of the farm  

2. main focus for income producing on the farm  

 

IDENTIFY SPECIFIC BEHAVIOURS 
1. What has been the history of lambing success on the farm 

a. level of satisfaction with lambing procedures and return  

b. where have problems occurred – gestation / at birth / weaning  

c. factors affecting the level of success 

d. amount of attention given to improvement ( has it been a priority or not)  
 

2. What have you tried / do now in trying to increase lamb survival rates? 
a. genetic / breeding decisions  

i. ram purchases 

ii. different breeds  

iii. selection / culling of ewes 

b. farm management 

i. pasture management  

ii. use of chemicals  

c. stock management 

i. paddock handling methods   

ii. shed/yards handling methods  

d. nutrition 

i. pasture / feed selection  

ii. hand / supplementary feeding  

 

EXTERNAL CONSTRAINTS 
1. What are some new ideas / practices that you would like to try  

a. where did these ideas come from  

2. What might be the factors that prevent you from going ahead with these ideas 
or prevent them working? 

a. weather conditions  

b. labour availability or costs  

c. equipment not available 

d. return on wool or livestock  

e. transport costs  / agents fees 

3. How would these factors affect your decision to go ahead with new ideas / 
practices ? 

 

 

N.B.  ELICIT THE RANGE OF BELIEFS BEHIND EACH CONSTRUCT 
1. Why do you do that? 

2. What made you choose that strategy? / What made you choose that over this? 



 
 

3. What do you think about this one? (maybe one they’ve shown some contempt 
for/disagreement with) 

4. What do you think your neighbour  / community might say about that one?   
  



 
 

Appendix 5 - Coding schema for the focus group data 
 

Name    Sources References 

Strategies 
      0 0 

   selection 
    2 12 

  
  

rams   3 9 

  
  ewes 

  4 8 

    
  

 mothering 1 1 

    
  

 temperament 3 4 

    nutrition 
    3 8 

  
  

condition score   1 2 

  
  

self-feeders   1 1 

  
  

supplies   1 2 

  

  pasture 

management 
  3 11 

    
  

 spraying 1 2 

    
  

 rotations 3 3 

    
  

 perennials 3 5 

  
  hand-feeding 

  4 16 

    
  

   pre-lambing 1 2 

    
  

  pre-mating 3 7 

  
  time of lambing     3 22 

  
  shearing     3 13 

  
  matching up     3 9 

  
  crossbreds     3 6 

  
  alpacas     3 5 

  
  mating management     4 11 

  
  

AI   1 1 



 
 

  
  preg scanning     4 27 

  
  handling and disturbance     4 18 

  
  twinning     4 6 

  
  shelter     4 13 

  
  drenches etc     4 8 

External 

constraints 
  

    
0 0 

    legislation 
    1 1 

  

  
live export 

protests 

  2 2 

  

  
predator culling 

restrictions 

  2 4 

  
  

mulesing   4 11 

  
  consumers     1 2 

  
  predators     2 11 

  
  prices     3 7 

  
  time     3 6 

  
  weather conditions     4 12 

  
  labour     4 21 

  
  costs     4 15 

influence       1 7 

info sources       2 6 

enterprise       2 9 

trials       3 4 

Factors 

affecting 

percentages 

  

    

4 20 

new research 

areas 

  

    

4 10 



 
 

what we need       4 15 

  



 
 

Appendix 6 – Quantitative survey 

Your responses are very important and will help us to understand the issues facing 
producers in regards to lamb survival (or lamb mortality). We understand that you may 
not have an exact figure for the lamb survival rate on your farm, but we would like to 
know your thoughts on lamb mortality after birth. Please answer all questions to the best 
of your ability and feel free to write about anything not covered in the space at the end 
of the survey. 
 
Section 1: Methods for increasing lamb survival rates 
 
We are interested in which strategies, if any, you currently employ to improve lamb 
survival rates, and which strategies you would consider implementing in the future to 
improve lamb survival. In the following table, please tick in the two columns on the 
right the strategies you currently use on your farm and which you would consider using 
on your farm. If we have not included a strategy that you use, please feel free to add it 
to the table.  
 
Select those you currently use in column 1 and those you would consider in column 2 
a. Genetics Current use Future use 

i. Culling of ewes that do not raise a lamb 
ii. Selection of ewes based on mothering ability 
iii. Selection of ewes based on their temperament 
iv. Using rams from breeds with high survival rates 
v. Other _____________________________ 

b. Control of predators   
i. Use of alpacas as herd guards  

ii. Baiting foxes 
iii. Shooting foxes 
iv. Culling other predators 
v. Other _____________________________ 

c. Feed and nutrition   
i. Pregnancy scanning to identify pregnant and dry 

ewes 
ii. Pregnancy scanning to identify twin-bearing ewes 

iii. Choosing time of lambing based on feed 
availability 

iv. Use of perennial pastures 
v. Use of summer grazing lands 

vi. Supplementary feeding ewes just before lambing 
to increase colostrum production 

vii. Monitoring and maintaining the condition score 
of ewes 

viii. Other ______________________________ 
d. Flock management   

i. mothering up ewes and lambs 
ii. minimising handling and disturbance during 

lambing 
iii. use of short mating periods  
iv. use of teasers to synchronise ewes prior to mating 
v. shearing just before lambing 



 
 

vi. provision of shelter in the form of bushland 
vii. provision of shelter in the form of a standing crop 

or stubbles 
viii. other ______________________________ 

 
We would like to know which of the following four approaches you think is most 
effective for improving lamb survival rates on your farm. Please read the descriptions 
of each approach below and answer the following questions with those descriptions in 
mind. 

Genetics – the use of sheep genetics to improve lamb survival rates such as 
using crossbreeds, culling ewes that do not raise a lamb and selecting ewes 
based on their mothering ability or temperament. 

 
Control of predators – strategies which aim to control predator population size 
or increase your flock’s protection from predators such as baiting or shooting 
foxes and other predators and the use of alpacas as herd guards.  
 
Feed and nutrition – strategies ensuring that both ewes and lambs have access 
to optimal nutrition at critical times in the reproduction and weaning cycle such 
as pregnancy scanning to identify pregnant or twin-bearing ewes, timing 
lambing to coincide with optimum feed availability, using perennial pastures or 
summer grazing lands and monitoring the condition score of your ewes.  
 
Flock management – improving lamb survival rates through the use of flock 
management strategies such as the use of teaser rams and short mating periods, 
provision of shelter, shearing prior to lambing, mothering up ewes and lambs, 
and minimising disturbance before and during lambing.   
 

In this section we will ask you to pick which of the four approaches described above 
you believe are the most effective and least effective for improving lamb survival rates 
on your farm. While more than one approach may be effective, please choose the most 
effective and least effective. Please indicate whether you think all of the approaches are 
effective or ineffective as well. In total there are four sets of questions. Even though 
some sets may seem similar, please answer all sets. 
  



 
 

 
- EXAMPLE - 
In this example, the respondent thinks that supplementation with lupins is the most 
effective way of ensuring high ram fertility and maintaining a high bodyweight 
throughout the year is the least effective. Please notice that only one approach was 
selected in each column (Most effective and Least effective).  The respondent also 
believes that all of the three options below are effective. 
 
 
Of these, which is the most effective and least effective approach for improving 
ram fertility on your farm? 
 Most 

effective 
Least 
effective 

 Pick one Pick one 

Maintaining high bodyweight throughout the year   

Supplementation with lupins before mating   

Supplementation with hay before mating   

Select yes, only if you believe the statements below to be true    Yes  

Are all of these effective?   

Are none of these effective?   

 
What is the most effective and least effective approach for improving lamb survival on 
your farm? 
 
Of these, which is the most effective and least effective approach? 
 Most 

effective 
Least 
effective 

 Pick one Pick one 
Genetics (e.g. crossbreeds, selection on temperament)   
Control of predators (e.g. baiting or shooting foxes)   
Feed & nutrition (e.g. pregnancy scanning, perennial pastures)   
Select yes, only if you believe the statements below to be true    Yes  
Are all of these effective?   
Are none of these effective?   
    
Of these, which is the most effective and least effective approach?   
 Most 

effective 
Least 
effective 

 Pick one Pick one 
Feed & nutrition (e.g. pregnancy scanning, perennial pastures)   
Flock management (e.g. short matings, providing shelter)   
Control of predators (e.g. baiting or shooting foxes)   
    Yes    
Are all of these effective?   
Are none of these effective?   
 
Of these, which is the most effective and least effective approach?  
 Most Least 

 X  
 X  

 X  



 
 

effective effective 
 Pick one Pick one 
Control of predators (e.g. baiting or shooting foxes)   
Genetics (e.g. crossbreeds, selection on temperament)   
Flock management (e.g. short matings, providing shelter)   
    Yes  
Are all of these effective?   
Are none of these effective?   
Of these, which is the most effective and least effective approach?  
 Most 

effective 
Least 
effective 

 Pick one Pick one 
Genetics (e.g. crossbreeds, selection on temperament)   
Flock management (e.g. short matings, providing shelter)   
Feed & nutrition (e.g. pregnancy scanning, perennial pastures)   
    Yes  
Are all of these effective?   
Are none of these effective?   



 
 

Section 2: Pregnancy scanning 
 
For the remainder of the questionnaire we are going to focus on pregnancy scanning to 
identify single-bearing, twin-bearing and dry ewes. We are interested in your thoughts 
on pregnancy scanning even if you do not use it or would not consider using it on your 
farm. Please answer the following questions in relation to pregnancy scanning to 
identify single-bearing, twin-bearing and dry ewes. (For all questions, please circle 
the number in each row that best represents your position on the scale.) 
 
1) I think that implementing pregnancy scanning during the next lambing season would 
be …  
 
(e.g. If 1 = foolish and 7 = wise, what number best represents what you think?) 
Foolish      Wise 

      1   …        2   …      3   …      4   …      5   …      6   … 7 
 

Harmful      Beneficial
     1   …       2   …      3   …      4   …      5   …      6   … 7 

 
Ineffective      Effective
     1   …      2   …     3   …      4   …      5   …      6   … 7 

 
Bad      Good 
     1   …       2   …      3   ….      4   …      5   …      6   … 7 

 
Unnecessary      Necessary
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

 
 

2) If I am able to implement pregnancy scanning during the next lambing season, I will 
feel … 

 
(e.g. If 1 = not at all and 7 = very much, what number best represents what you think?)  
 Not at all                  Very much 

Glad     1   …     2   …     3   …     4   …     5   …     6   … 7 

Delighted     1   …     2   …     3   …     4   …     5   …     6   … 7 

Satisfied     1   …     2   …     3   …     4   …     5   …     6   … 7 

Relieved     1   …     2   …     3   …     4   …     5   …     6   … 7 

Happy     1   …     2   …     3   …     4   …     5   …     6   … 7 

Proud     1   …     2   …     3   …     4   …     5   …     6   … 7 

 
 
 

 



 
 

3) If I am unable to implement pregnancy scanning during the next lambing season, I 
will feel … 

 
(e.g. If 1 = not at all and 7 = very much, what number best represents what you think?)  
 Not at all              Very much 

Nervous     1   …    2   …    3   …    4   …    5   …    6   … 7 

Anxious     1   …    2   …    3   …    4   …    5   …    6   … 7 

Frustrated     1   …    2   …    3   …    4   …    5   …    6   … 7 

Worried     1   …    2   …    3   …    4   …    5   …    6   … 7 

Guilty     1   …    2   …    3   …    4   …    5   …    6   … 7 

Disappointed     1   …    2   …    3   …    4   …    5   …    6   … 7 

 
 
 
In the next section, we focus on how you think the people around you feel about 
implementing pregnancy scanning to identify single-bearing, twin-bearing and dry ewes 
on your farm and how their thoughts may influence your decision. Please answer these 
questions based on how you think the people feel. (For all questions, please circle the 
number that best represents your position on the scale, where 1 = should not and 7 = 
should.) 
  
 
4) My family think I … 

Should not     Should 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

…implement pregnancy scanning during the next lambing season. 
 
 

5) My peers (e.g. other farmers) think I … 
Should not     Should 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

…implement pregnancy scanning during the next lambing season. 
 
 

6) My farm advisor thinks I … 
Should not     Should 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

…implement pregnancy scanning during the next lambing season. 
 
 
 
 
 
 
 
 
 
 



 
 

 
Now, please circle the number that best represents your position on the scale, where 1 
= disapprove and 7 = approve. 
 
7) My family would … 
Disapprove      Approve 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

 … of me implementing pregnancy scanning during the next lambing season. 
  
8) My peers (e.g. other farmers) would … 
Disapprove      Approve 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

 … of me implementing pregnancy scanning during the next lambing season. 
 
 
9) My farm advisor would …  
Disapprove      Approve 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 

 … of me implementing pregnancy scanning during the next lambing season. 
 
 
10) Now, please circle the number that best represents your position on the scale, where 

1 = not at all and 7 = very much. 
 

 
 
 
 
 
 
 
 
 
The following questions relate to how much control you think you have over 
implementing pregnancy scanning to identify single-bearing, twin-bearing and dry ewes 
on your farm in the next lambing season. When answering these questions, please 
consider labour and resource availability and other factors which may influence your 
decisions and actions.  
 
11) For all questions, please circle the number that best represents your position on the 

scale, where 1 = disagree and 7 = agree. 

 Not at all                        Very much   
How much do you want to do what your family 
think you should? 

1 2 3 4 5 6 7   

How much do you want to do what your peers 
think you should? 

1 2 3 4 5 6 7 

How much do you want to do what your farm 
advisor thinks you should? 

1 2 3 4 5 6 7 

 Disagree                                  Agree   
Whether or not I implement pregnancy 1 2 3 4 5 6 7   



 
 

 
 
 
 
 
12) How much personal control do you feel you have over implementing pregnancy 

scanning during the next lamb season (where 1 means no control and 7 means total 
control)?  

 
No control                  Total control 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
13) How much do you feel that whether you implement pregnancy scanning during the 

next lambing season is beyond your control (where 1 = not at all and 7 = very 
much)? 

 
Not at all                       Very much
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
14) To what extent do you see yourself being capable of implementing pregnancy 

scanning during the next lambing season (where 1 = not at all and 7 = very 
capable)? 

 
Not at all                   Very capable 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
15) How confident are you that you will be able to implement pregnancy scanning 

during the next lambing season (where 1 = not at all and 7 = very confident)? 
 
Not at all                Very confident 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
The following questions focus on whether you have used pregnancy scanning to 
identify single-bearing, twin-bearing and dry ewes in the past and whether you intend to 
use it in the future. (For all questions, please circle the number that best represents 
your position on the scale.) 
 
16) I want to implement pregnancy scanning during the next lambing season (where 1 = 

does not describe me well at all and 7 = describes me very well). 

scanning during the next lambing season is 
entirely up to me 
I believe I have the ability to implement 
pregnancy scanning during the next lambing 
season. 

1 2 3 4 5 6 7 

If it were entirely up to me, I am confident that 
I would be able to implement pregnancy 
scanning during the next lambing season. 

1 2 3 4 5 6 7 



 
 

Does not describe me 
well at all 

          Describes me  
very well 

1 2 3 4 5 6 7 
 
 
17) I desire to implement pregnancy scanning during the next lambing season (where 1 

= disagree and 7 = agree). 
Disagree      Agree 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
18) My desire for implementing pregnancy scanning during the next lambing season can 

be described as… (where 1 = very weak desire and 7 = very strong desire). 
Very weak desire         Very strong desire 
  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
19) I intend to implement pregnancy scanning in the next lambing season. 
Definitely 
 do not 

     Definitely
 do 

  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
20) I plan to implement pregnancy scanning in the next lambing season. 
Definitely 
 do not 

     Definitely
 do 

  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
21) I will try to implement pregnancy scanning in the next lambing season. 
Definitely 
 do not 

     Definitely
 do 

  1   …    2   …   3   ….   4   …    5   …      6   … 7 
 
 
22) How often during the last five years did you perform pregnancy scanning in order to 

improve lamb survival rates (where 1 = never and 7 = always)? 
Never    Always 
  1   …    2   …   3   ….   4   …    5   … 

 
 

23) Did you perform pregnancy scanning last year? 
 

Yes No 
 



 
 

Section 3: Beliefs about pregnancy scanning 
 
Now we would like to ask you some questions on your beliefs about pregnancy 
scanning to identify single-bearing, twin-bearing and dry ewes. (For all questions, 
please circle the number that best represents your position on the scale.)  
 
e.g. If 1 = disagree and 7 = agree, what number best represents what you think? 

                                                                            Disagree                                         Agree

I believe that pregnancy scanning is an effective 

way to improve lamb survival rates on my farm. 

1  2  3  4  5  6 7 

Implementing pregnancy scanning on my farm 

would allow me to make more efficient use of 

feed. 

1  2  3  4  5  6 7 

Implementing pregnancy scanning on my farm 

would help me to improve lamb survival rates. 

1  2  3  4  5  6 7 

I believe that pregnancy scanning would be easy 

to carry out on my farm.  

1  2  3  4  5  6 7 

It would be easy for me to implement pregnancy 

scanning on my farm. 

1  2  3  4  5  6 7 

It would be easy for me to use pregnancy 

scanning to improve lamb survival rates on my 

farm. 

1  2  3  4  5  6 7 

The amount of time required to carry out 

pregnancy scanning on my farm is reasonable. 

1  2  3  4  5  6 7 

I am too busy with other farm jobs to carry out 

pregnancy scanning when it would need to be 

done. 

1  2  3  4  5  6 7 

It would be reasonably easy for me to get 

someone with the necessary skills to come to my 

farm and scan my ewes. 

 

1  2  3  4  5  6 7 

It would be reasonably easy for me to find casual 

labour to carry out any extra work associated 

with pregnancy scanning (such as bringing in 

sheep). 

1  2  3  4  5  6 7 

     



 
 

 
 
 

 

                                                                            Disagree                                         Agree

The initial cost of implementing pregnancy 

scanning on my farm is reasonable. 

1  2  3  4  5  6 7 

The ongoing costs of implementing pregnancy 

scanning on my farm are reasonable. 

1  2  3  4  5  6 7 

I can implement pregnancy scanning on my farm 

regardless of weather conditions. 

1  2  3  4  5  6 7 

The effectiveness of pregnancy scanning at 

improving lamb survival on my farm is not 

dependent on weather conditions. 

1  2  3  4  5  6 7 

End-consumers of farm products will see 

pregnancy scanning as an animal-friendly 

practice 

1  2  3  4  5  6 7 

I think end-consumers of farm products would 

approve of my use of pregnancy scanning on my 

farm. 

1  2  3  4  5  6 7 

Most of my neighbours use pregnancy scanning 

on their farms. 

1  2  3  4  5  6 7 

Most other farmers with a similar main 

enterprise to me use pregnancy scanning on their 

farms. 

1  2  3  4  5  6 7 

Most farmers I see as successful use pregnancy 

scanning on their farms. 

1  2  3  4  5  6 7 



 
 

Section 4: Social identity 
 
We would like to know about the farmer that you talk to most about farming. Please 
think about the farmer that you talk to most about farming and answer the following 
questions about them:  
 

How old is this farmer? (please circle): 
 

Under 35 35-50 51-65 Older than 65 
    

 
Are they male or female?  __________________ 
 
How big is their farm? __________ acres or ____________ hectares 
 
Their main farming enterprise is: (please circle all that apply)  
 

a. Mixed livestock – cropping (sheep as secondary enterprise) 
b. Wool production (sheep as primary enterprise) 

i. Superfine wool 
ii. Fine wool 

c. Prime lamb production (sheep as primary enterprise) 
d. Sheep – beef 
e. Other _______________________________ 
 

 
How far from your farm is this farmer located? (please circle the most accurate) 

a. On my farming enterprise 
b. A neighbouring farm 
c. In my local shire 
d. In my region 
e. In my state 
f. In another Australian state 

 
Does this farmer use pregnancy scanning? (please circle)  Yes / No 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

In this section, we will ask you to pick which of the following are the best and worst 
descriptions of the farmer that you talk to most about farming. While more than one 
may be accurate, please choose the best and worst description. Please indicate whether 
you think all of the descriptions are true or untrue as well.  In total there are 4 different 
sets. Even though some sets may seem similar, please answer all sets. 
 
Of these, which is the best and worst description of the farmer that you talk to 
most about farming? 

 Best 
description 

Worst 
description

 Pick one Pick one 
This farmer focuses on maximising profit   
This farmer likes to maintain a good lifestyle   
This farmer does not like taking risks   
Select yes, only if you believe the statements below to be true.    Yes    
Are all of these true?   
Are none of these true?   

 
Of these, which is the best and worst description of the farmer that you talk to 
most about farming? 

 Best 
description 

Worst 
description

 Pick one Pick one 
This farmer does not like taking risks    
This farmer likes to be environmentally friendly    
This farmer likes to maintain a good lifestyle    
    Yes    
Are all of these true?   
Are none of these true?   

 
Of these, which is the best and worst description of the farmer that you talk to 
most about farming? 

 Best 
description 

Worst 
description

 Pick one Pick one 
This farmer likes to maintain a good lifestyle    
This farmer focuses on maximising profit    
This farmer likes to be environmentally friendly    
    Yes    
Are all of these true?   
Are none of these true?   

 



 
 

Of these, which is the best and worst description of the farmer that you talk to 
most about farming? 

 Best 
description 

Worst 
description

 Pick one Pick one 
This farmer focuses on maximising profit   
This farmer likes to be environmentally friendly    
This farmer does not like taking risks   
    Yes    
Are all of these true?   
Are none of these true?   

 
Please think about the farmer that you have described above when answering the 
following questions.  
 
Please circle the letter that best represents your position on the scale, where a = far 
apart and h = complete overlap. 
 
1) How would you express the degree of overlap between your personal identity and the 

identity of the farmer described above?  
 

 
 

My own personal 
identity 

The identity of the 
farmer as I see it 

 

 
a. 

 
 
 

 
Far apart 

 
b. 

 
 
 

 
Close together  
but separate 

 
c. 

 
 
 

 
Very small  
overlap 

 
d. 

 
 
 

 
Small overlap 

 
e. 

 
 
 

 
Moderate  
overlap 

 
 
f. 

 
 
 

 
 
Large overlap 

 
 
g. 

 
 
 

 
 
Very large  
Overlap 
 

 
h. 

 
 
 

 
Complete  
overlap 

 
 
 



 
 

Now, please circle the number that best represents your position on the scale, where 1 
= not at all and 7 = very much. 
 
2) Please indicate to what degree your personal identity overlaps with the identity of the 

farmer described above as you perceive it. 
 
Not at all                       Very much
1 2 3 4 5 6 7 
 
3) How attached are you to the farmer you described above?  
 
Not at all                       Very much
1 2 3 4 5 6 7 
 
 
4) How strong would you say your feelings of belongingness are toward the farmer you 

described above (where 1 = not at all strong and 7 = very strong)?  
Not at all strong                    Very strong 
1 2 3 4 5 6 7 
 
Now, please circle the number that best represents your position on the scale, where 1 
= does not describe me well at all and 7 = describes me very well. 
 
5) I am a valuable peer of the farmer I described above.  
Does not describe me 
well at all 

          Describes me  
very well 

1 2 3 4 5 6 7 
 
6) I am an important peer of the farmer I described above. 
Does not describe me 
well at all 

          Describes me 
very well 

1 2 3 4 5 6 7 
 



 
 

Section 5: Beliefs about current lamb survival rates 
 
We would like to know your thoughts about the current rates of lamb survival, both on 
your farm and in the industry as a whole. How much do you agree or disagree with 
the following statements?  
 

                                                                            Disagree                                         Agree

I think that the current lamb survival rates are a 

significant problem on my farm. 

1  2  3  4  5  6 7 

I think that the current lamb survival rates are a 

significant problem to the Australian sheep 

industry. 

1  2  3  4  5  6 7 

I think the current lamb survival rates are 

something I need to address. 

1  2  3  4  5  6 7 

I think the current lamb survival rates are 

something the Australian sheep industry as a 

whole needs to address. 

1  2  3  4  5  6 7 

I feel pressure from other farmers to improve 

lamb survival rates on my farm. 

1  2  3  4  5  6 7 

I feel pressure from the public to improve lamb 

survival rates on my farm. 

1  2  3  4  5  6 7 

I feel pressure from industry to improve lamb 

survival rates on my farm. 

1  2  3  4  5  6 7 

I feel pressure from scientists to improve lamb 

survival rates on my farm. 

1  2  3  4  5  6 7 



 
 

Section 5: Background information 
 
In this section, we would like to find out a little bit more about you. Please answer all 
questions as honestly and accurately as possible. 
 
2) Gender (please circle)  Male Female 
 
3) Year born: 19____ 
 
4) Approximate size of your property:  _________ acres OR _________ hectares 
 
5) Your main farming enterprise is: (please circle all that apply)  
 

a. Mixed livestock – cropping (sheep as secondary enterprise) 
b. Wool production (sheep as primary enterprise) 

i. Superfine wool 
ii. Fine wool 

c. Prime lamb production (sheep as primary enterprise) 
d. Sheep – beef 
e. Other _______________________________ 

 
6) Region (please circle; see the map below if you are unsure): 

 

NSW QLD SA 
111: Far West 311: Cape York and the 

Queensland Gulf 
411: North Pastoral 

121: North West Slopes 
and Plains 

312: West and South West 421: Eyre Peninsula 

122: Central West 313: Central North 422: Murray Lands and 
Yorke Peninsula 

123: Riverina 314: Charleville – 
Longreach 

431: South East 

131: Tablelands (Northern 
Central and Southern) 

321: Eastern Darling 
Downs 

WA 

132: Coastal 322: Darling Downs and 
Central Highlands of 
Queens 

511: The Kimberly 
VIC 512: Pilbara and the 

Central Pastoral 
221: Mallee 331: South Queensland 

Coastal - Curtis to 
Moreton 

521: Central and South 
Wheat Belt 

222: Wimmera 522: North and East Wheat 
Belt 

223: Central North 332: North Queensland 
Coastal - Mackay to Cairns

531:  South West Coastal 
231: Southern and Eastern 
Victoria 

631: TASMANIA 

 



 
 

 

 

7) What was the maximum number of sheep on your farm in 2009 and what breed were 
they? (please indicate numbers of each breed if more than one) 

 
_____________________________________________________________________ 
 
8) What was your estimated lamb survival rate last lambing season? ______________ 
 
9) What was your estimated average lamb survival rate over the last five years? _____ 
 
10) Have you participated in any workshops or training sessions on how to use 

pregnancy scanning to improve lamb survival? (please circle) 
 

Yes   /    No 
 
11) Are you a member of any industry-based organisations? Please list 
____________________________________________________________________ 

_____________________________________________________________________ 

 
Additional comments-

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

_____________________________________________________________________ 

 



 
 

Appendix 7 – Example of survey invitation email 

 

Have your say on lamb survival and win $500! 
 
Jo Elliott, a PhD student with the Institute of Agriculture at UWA, is studying the 
adoption of strategies to improve lamb survival rates. Jo would like to know what sheep 
producers think about lamb survival and the strategies designed to improve it. She is 
particularly interested in how external factors, such as labour, costs and weather 
conditions, may affect adoption decisions. Jo has developed a survey and would like to 
hear from sheep producers from across Australia. By completing the survey you will 
enter a draw to win a prize of $500. The results of the research will be used to guide 
research and development in line with the needs of producers. Jo’s research is supported 
by the Sheep CRC. 
 
To take part in the survey, follow the link below. 
 
http://survey.opinionworld.com/scripts/dubinterviewer.dll/frames?quest=8081&language=1&
template=template_blank.htm&purchase=8 
 

To find out more about the project, please contact Jo on ellioj01@student.uwa.edu.au or 
0410 590 186. 
  



 
 

Appendix 8 – Survey Participant information sheet 

 
 
 
 

 
 
 
 
 
 
Factors affecting the adoption of lamb survival strategies 

 
We are investigating the factors affecting lamb survival. This is an important issue as it is 
estimated that on average, only 75 - 90% of lambs survive through to weaning in Australia. We 
seek your assistance in responding to the attached questionnaire. Your cooperation is vital for 
the completion of this project. We anticipate the questionnaire should take no longer than 30 
minutes to complete.  

The questionnaire focuses on strategies to improve lamb survival rates, in particular the use of 
pregnancy scanning to identify single-bearing, twin-bearing and dry ewes. We would like to 
know your thoughts about both lamb survival rates and the use of pregnancy scanning to 
improve lamb survival. Your opinion is important to us even if you do not use pregnancy 
scanning on your farm. 

The research is being conducted by Jo Elliott as part of her PhD, supervised by Professor Julie 
Lee, Assoc/Prof Dominique Blache, and Asst/Prof Joanne Sneddon. The project is supported by 
the Sheep CRC. The results of the research will be used to direct future research and extension 
of strategies to improve lamb survival in accordance with the needs of producers. Should you 
have any questions relating to this study Professor Lee may be contacted on 6488 2912 or at 
julie.lee@uwa.edu.au . 

Your participation in this research is strictly voluntary and you are under no obligation to 
complete the questionnaire. Completion of the questionnaire will be taken as evidence of 
consent to participate. We would be very grateful for your participation and as such are offering 
a prize of $500. The winner will be randomly selected from survey respondents. If you would 
like to be eligible for the prize, please fill in your details at the end of the questionnaire. These 
details will be processed separately to the questionnaire so your answers will remain 
anonymous. The winner will be contacted by email. 
 
Thank you for your consideration of this important research project. 

Yours sincerely, 

 

Professor Julie Lee 
 

Professor Julie Lee 
M263 
The University of Western Australia 
35 Stirling Highway 
CRAWLEY WESTERN AUSTRALIA 6009 
Phone 6488 2912 
Fax 6488 1072 
Email julie.lee@uwa.edu.au 
 
CRICOS Provider Code: 00126G 
 


