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1.1 Research Context 

The sheep industry is undergoing a period of change in the way that producers manage 

livestock parasites. This change has been precipitated by several factors, including the 

increased incidence of parasitic resistance to chemicals. Other factors, also related to the 

use of chemical drenches and parisitides, include the public demand for products that are 

‘clean and green’. This public aspect of the issue is particularly important as it relates to the 

European export market, which has more stringent standards surrounding the persistence of 

chemical residues in meat and fibre products. Finally, the cost of controlling sheep parasites, 

both ecto- and endo-, has been estimated to cost the Australian sheep industry more than 

$550m (McLeod 1995) and this figure is expected to increase as resistance to the 

macrocyclic lactone class of anthelmintic increases (Kahn & Walkden-Brown 2001; Kahn & 

Walkden-Brown 2003; Watson 1998). These factors led in 2003 to the establishment of a 

project, entitled Integrated Parasite Management in sheep (IPM-s) in an attempt to develop 

and trial approaches to parasite management that are no so totally reliant on the use of 

chemicals. 

The IPM-s project is a collaboration between the University of New England, the University 

of Melbourne, the Western Australian Department of Agriculture and the Department of 

Primary Industries, Queensland. It is funded by Australian Wool Innovation Ltd (AWI), the 

peak Australian representative and research body for wool growers in Australia. The 

objectives of the project include the development of “regional integrated parasite 
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management programs with reduced chemical usage” (Kahn & Walkden-Brown 2003, p. 19). 

Further, the project seeks also, through the development of integrated parasite management 

programs, to “significantly slow the development of endo- and ectoparasiticide resistance” 

(Kahn & Walkden-Brown 2003, p. 19). In order to achieve this, the IPM-s project adopted a 

multi-pronged approach, including: 

1. the establishment of several demonstration farms in each of the major Australian wool 

production regions;  

2. critical research focused on parasite ecology and the development of alternative 

approaches to improve worm control in order to further the development of IPM;  

3. socio-economic surveys and interviews to identify key regional performance indicators 

for tracking change over time and the “identification of major barriers to industry 

adoption” (Kahn & Walkden-Brown 2003, p. 20) of an integrated approach to parasite 

management; and  

4. technology transfer to producers and other interested stakeholders in the wool 

industry. 

This research project has been conducted within the context of program three – socio-

economic survey and interviews. 

1.1.1 Socio-economic Program 

1.1.1.1 INDUSTRY CONTEXT 
 

The adoption of principles being developed by the IPM-s project will require producers to 

make incremental, but significant, changes in their management approach. These changes 

may require producers to utilise a broader range of management practices for parasite 
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control than that to which they are accustomed under a drench-reliant system. As with any 

innovation, whether a product or a management tool, there may also be uncertainties 

associated with production and business aspects of sheep production associated with the 

implementation of IPM-s. All of these factors will have an impact on the adoption of 

integrated parasite management practices and the ultimate success of the project. An 

understanding therefore of current parasite management practices, and the perceptions held 

by producers about parasite control, is an important aspect of the design of extension 

programs for the IPM-s project. This thesis forms part of the effort to develop an 

understanding of the factors likely to have an impact on the adoption of the knowledge, skills 

and practices associated with integrated parasite management for sheep producers. 

The initial data source for this thesis and for the socio-economic component of the IPM-s 

project, involved the design of a benchmark survey to identify the current status of parasite 

management by diverse wool producers around Australia. The survey was also an 

instrument designed to aid in the identification of key performance indicators that could be 

used in survey instruments in the future to gauge any changes in parasite management in the 

Australian sheep industry that might be related to the IPM-s project and subsequent 

extension of the outcomes of this project (Kahn & Walkden-Brown 2001). The benchmark 

survey was conducted in year one of this thesis, with development occurring from August 

2003 through March 2004, and implementation (including piloting and the main survey) from 

April through November 2004. Data analysis occurred over the course of one year and a 

comprehensive report of the findings was presented to AWI in 2005 (Reeve & Thompson 

2005). The survey and related report have provided AWI, and other stakeholders in the 

wool industry, with current and comprehensive information about the parasite management 

practices currently employed by Australian wool producers in each of the different, major, 

wool production regions of Australia. It also provides comprehensive detail about the 

demographics and farm physical characteristics of Australian sheep producers  
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1.1.1.2 ACADEMIC CONTEXT 

The second component of the IPM-s socio-economic program, was to conduct interviews 

with producers in order to identify the key ‘barriers to adoption’ of an integrated approach 

to parasite management across the major Australian wool producing regions (Kahn & 

Walkden-Brown 2001). The key aspect of barriers to adoption of interest to the IPM-s 

project team was to identify these barriers to adoption in the context of risk. Responsibility 

for the implementation of this second component and the findings are the subject of this 

thesis. It should be noted that although the benchmark survey mentioned above was a 

collaborative effort between the Institute for Rural Futures and the IPM-s research team, the 

remaining work was designed and implemented completely independently of the other IPM-s 

researchers (except where they were involved in the study as participants). The findings of 

the Benchmark survey are described with appropriate acknowledgement. Due to my 

involvement in the design, management and analysis of the survey I became more aware of 

issues associated with the adoption of integrated parasite management and drew on this 

knowledge in the formation of research questions for the research topic. 

Following a review of the literature relevant to agricultural extension and the adoption of 

agricultural innovations, the scope of this second component of the socio-economic 

program was broadened to include a more critical examination of the models of extension 

and decision-making used to guide approaches to agricultural extension. These include 

models such as decision analysis (Anderson et al. 1977; Hardaker et al. 2004) and the 

diffusion of innovations extension model promoted by Rogers (2003). Further, this study will 

also investigate the assumptions of traditional approaches to agricultural research and 

extension, and in particular research regarding influences on producers’ reasons for 

adoption, or non-adoption. Following current trends in the agricultural research and 

extension industry, the traditional top-down approach dominated by scientific knowledge is 
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questioned (Crawford et al. 2007; Flora 1992; Jennings 2005; Kloppenburg 1991; Pannell et 

al. 2006; Röling 1996; Vanclay 2002; Vanclay 2004; Vanclay & Lawrence 1993). 

1.2 The Research Questions 

The IPM-s project is the first comprehensive, Australia-wide attempt to address ecto- and 

endoparasite management in sheep using an integrated management approach. The project is 

both unique for its attempts to be collaborative across several production regions, with 

teams coordinated by a project manager not officially affiliated with any of the institutions 

involved. Further, the project is unique through its desire to be comprehensive in the 

approach to the scientific, economic and sociological aspects of implementing a new 

management program. This uniqueness presented the opportunity for this study, at least 

from the extension and adoption perspective, to take a step-back and examine some of the 

fundamental psychological and socio-cultural influences on adoption in particular. 

Agricultural adoption and extension are, like the IPM approach itself, complex concepts. The 

diversity arises from a number of sources characteristic of the Australian wool industry, 

including the diversity of: 

• Producers. Including their accompanying individual worldviews, demographics, 

personality traits, learning preferences and socio-cultural influences.  

• Management approaches. These range from highly businesslike professional 

approaches to traditional approaches and alternative approaches (e.g. organic), as well 

as all various of combinations of these.  

• Production systems. Including the mix of sheep classes, mixed enterprises (e.g. sheep 

and wheat), and wool and sheep meat production systems, all of which require 

different management approaches. 
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The complexity of the sheep meat/wool production systems in Australia, and the complexity 

of an integrated management system itself, demand investigations into adoption and 

extension that reflect this complexity. Furthermore, the pioneering nature of the IPM 

approach calls for, I believe, a pioneering approach to matters related to adoption and 

extension. Extension of the IPM-s project will not be easy as the approach is multi-faceted 

and requires the learning of new information, and the acceptance of new, non-chemical, 

management practices; some of which, from a psychological and socio-cultural perspective, 

may prove very challenging for producers.  

The challenging nature of IPM, it could be argued, warrants a step back to basics, in adoption 

research in particular. This means, trying to move away from the psychological and socio-

cultural assumptions of traditional models of adoption and decision-making, such as Rogers’ 

(2003) Diffusion of Innovations model, and Hardaker and Anderson’s (Anderson et al. 1977; 

Hardaker et al. 2004) Decision Analysis model. Both these models are in current use by 

researchers who, at least superficially, acknowledge that there is a need to move towards 

more farmer-focused research that accommodates local knowledge and the diversity 

amongst farming approaches. Given the complexity not only of the IPM approach itself, but 

also of the aspects of adoption and extension, this research seeks not just to answer one 

research question, but several interconnected ones. These include three theoretical 

questions, and one methodological: 
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This research is designed also to have relevance at several different levels. Firstly, it will 

provide theoretical research into the relevance to agricultural adoption literature of 

traditional, formalized decision-making models and the diffusions of innovations extension 

model. Further, at an empirical level, this research will contribute specific information 

regarding the adoption of IPM-sheep. Finally, empirical and theoretical contributions will be 

made regarding the utility and appropriateness of using personal construct theory and the 

repertory grid technique for the purposes of understanding influences on adoption, both for 

the IPM-s project and agricultural adoption and extension in general. 

A diagrammatic representation of the intended contributions of this research is presented in 

Figure 1.1. 
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Figure 1.1. Intended contributions of current PhD  

1.3 Thesis Structure 

This thesis has three main parts. Part I, comprising Chapters 2, 3, 4 and 5, outline the three 

major areas of literature relevant to this thesis. These include literature on the adoption and 

extension of agricultural innovations (Chapter 2); a brief outline of the history of integrated 

pest and parasite management, including relevant adoption and extension literature (Chapter 

3); and an outline of decision-making literature relevant to agricultural extension and 

adoption (Chapter 4). Chapter 5 provides a synthesis of these three chapters and outlines 

the major thematic aspects that will be examined through the empirical research. 

Part II of this thesis, comprising Chapters 6, 7, 8 and 9, details the methodological approach 

employed for this thesis (Chapter 6). This section also presents the results according to the 

three major themes identified in Part I (Chapters 7, 8 and 9).  
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Finally, Part III, comprising Chapters 10 and 11, comprises a discussion of the results 

described in Part II. This discussion (Chapter 10) places the results in the context of the 

themes identified in Part I, as well as linking the results to the theoretical and methodological 

research questions detailed in this introduction. The final chapter (Chapter 11) provides an 

outline of the major conclusions and recommendations arising from this research. These 

conclusions and recommendations are linked to the three research questions, and 

specifically to the IPM-s project. 



Chapter 2 A Brief History of Agricultural 
Extension 

2.1 Introduction 

2.2 Traditional Extension 

2.3 Towards a New Extension Paradigm 

2.4 Extension, Adoption and Risk 

2.5 Adult Education, Extension and Farming Styles 

2.5.1 Introduction 

2.5.2 Adult Education and Learning Styles 

2.5.3 Agricultural Typologies 

2.5.4 van der Ploeg’s Farming Styles 

2.5.5 Farming Styles in Australia: Vanclay and Others 

2.5.6 Farming subcultures 

2.5.7 Farming styles: Vanclay’s early critique (circa 1997/8) 

2.5.8 Ten years of Farming Styles: Farming styles in 2006 

2.5.9 Summary of Farming Styles 

2.6 Summary 
 

2.1 Introduction 

Traditionally agricultural extension, in Australia and globally, has been carried out in a linear, 

top-down manner, with agricultural scientists and other specialists developing solutions to 

perceived problems and presenting these to farmers as a fait accompli. Agricultural extension 

has not been flexible in its delivery, nor has it typically engaged farmers in serious 

consultation regarding their needs. Further, the extension of information to farmers has not 

generally accounted for social, cultural or personal aspects of targeted individuals and 

communities. Since the 1970’s, this ‘traditional’ approach to agricultural extension has 

undergone sustained criticism, with researchers in the area exploring alternative modes of 

design and delivery (Carr 1995; Francis et al. 1990; Gerber 1992; Kloppenburg 1991; Kroma 

2001; Marsh & Pannell 2000a; Parminter et al. 2003; Röling 1996; Vanclay & Lawrence 1994).  
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Central to this exploration of new approaches is recognition of the importance of farmer 

knowledge and participation (Carr 1995; Gerber 1992; Kloppenburg 1991; Kroma 2001; 

Packham 2001), and acknowledgement that agricultural extension and farmer adoption and 

learning have a socio-cultural basis (Carr 1995; Röling 1996; Vanclay & Lawrence 1994). 

Increasingly, agricultural extension is also being recognised as a form of adult education, with 

some researchers now turning to adult education principles for program design (Francis et 

al. 1988; Kilpatrick et al. 1999; Marsh & Pannell 2000b). These are not aspects of extension 

that historically have received attention by practitioners. 

2.2 Traditional Extension 

Historically, agricultural extension officers were referred to as Extension Scientists (Röling 

1988), which gives some indication as to the strong link between Cartesian science and 

extension. The ‘education’ of farmers in new technologies or practices has traditionally been 

seen more as a ‘transfer of technology’ (ToT) (see Chambers et al. 1989; Röling 1988) or 

‘diffusion of innovations’ (DoI) (Rogers 1995; Röling 1996). Under these approaches to 

extension, although it was expected that farmers would be required to learn new skills, the 

learning aspect was not generally recognized as part of the transfer or diffusion process. It 

was typically assumed that if the (usually financial) benefits of the innovation could be 

demonstrated, then farmer learning would follow. These approaches to extension are 

symptomatic of the dominance of scientific information, and the positive rationalist approach 

to decision-making. A discussion of the traditional, scientific (Cartesian) approach to 

agricultural science, and thereby approach to agricultural extension, follows. 

Kroma (2001) has labelled the traditional agricultural extension process a “linear, 

reductionist model, where extension is socially disengaged from the actors it is supposed to 

serve, as well as from institutional actors” (p. 2). This traditional extension model, mirrors 

that of traditional, Cartesian science, which assumes that scientific knowledge is both 
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objective and universal (and quantitative in nature). Kroma suggests this has prevented the 

development of an alternative agricultural knowledge and information system. Kloppenberg 

(1991) suggested the need for an alternative agricultural science in a paradigm-challenging 

paper of 1991 where he challenged the dominance of Cartesian science. Both the ToT and 

DoI models of extension ignore the natural iterative transfer of information that occurs 

throughout people’s lives – something that is recognised in adult educational literature as 

‘lifelong learning’. These models further ignore the broader socio-cultural aspects affecting 

farmer decision-making and rely on the assumptions of rationality and utility maximisation 

that tend to drive economic models of decision-making (Kloppenburg 1991; Murray-Prior 

1994; Vanclay & Lawrence 1993).  Goss (1979), also pointed out that, particularly for 

developing countries, the DoI approach and its focus on individual characteristics, could not 

explain the non-adoption rates of innovations in countries such as Bangladesh, Colombia and 

Pakistan. Goss pointed out that the DoI approach did not account for institutional 

constraints or structural differentiation (distributive issues). Criticisms being leveled at that 

time suggested that DoI was ignoring macro level sociology in favour of ‘microlevel variables’ 

(Goss 1979, p. 755). Tully (1966) has also explored the faults of the assumptions made by a 

DoI approach, arguing the model, as conceptualized through Rogers’ categorizations, was 

insufficient to explain adoption (or non-adoption), and that adoption was not about the 

availability of information, but also about the relevance of that information to farmers, and 

the impact of social norms amongst farming communities. 

Vanclay and Lawrence (1993) suggest that the traditional model of extension has been under 

siege since the 1970s and lay many of the same criticisms against it as Kloppenburg and 

Kroma. They also cite further faults, such as the focus on individual decision-making, a 

marketing attitude to information, the inability to accommodate large numbers of farmers 

and a failure to recognise ‘local knowledge’ held by farmers. The latter point was strongly 

argued by Kloppenburg, whose call for an alternative agricultural science stressed the need 
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to view other forms of knowledge as valid and complementary to Cartesian scientific 

knowledge, rather than as a replacement (Kloppenburg 1991). This view is also shared by 

Gerber (1992), who called the dominance of scientific knowledge a ‘social choice’ and views 

other forms of knowledge as equally valid. This idea of information and knowledge being 

socially constructed is gaining more credence with extension researchers (Carr 1995; 

Llewellyn et al. 2004; Marsh & Pannell 1999). After some early work by Tully (1966), which 

found evidence to support the idea that the difference in beliefs between farmers and 

experts, alongside community norms, also had an impact on adoption – and in particular the 

communication of information, Parminter et al. (2003) in particular highlight the need to look 

at the different world views underpinning the way people practice extension, as well as the 

views of those on the receiving end, an approach supported by Llewellyn et al. (2004), 

Murray-Prior (1994) and others (Botha 1995; Chambers et al. 1989; Flora 1992; Ison & 

Russell 2000; John et al. 1997; Keen & Stocklmayer 1999; Synapse Consulting Pty Ltd 1998; 

Wijeratne 1994), who have both conducted studies investigating farmer perceptions and 

personal constructs and how these affect farmer adoption and decision-making.  

Röling (1996), has criticised the conventional scientific paradigm on which agricultural 

science and extension also rests, asserting that its essence lies in a realist-positivist 

epistemology which does not allow for other methods of investigation or other forms of 

valid knowledge – such as farmer knowledge. He claims further, that this epistemology is not 

‘consistent with the new mission’ of sustainability, which seeks a multifaceted and multi-

discipline approach to resource and land management and thereby requires an understanding 

of more than just scientific facts – including the socio-cultural factors affecting management 

and decision-making (Röling 1996). He points out that science is often considered ‘the 

growth point of knowledge and the source of innovation,’ while technology is considered to 

be applied science, and extension a delivery mechanism that transfers scientific results to 

users. This ignores the reality that many farmers are often informal researchers themselves 
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(Chambers et al. 1989) and that learning (and extension) is a dynamic process (Llewellyn et 

al. 2004).  

By default, agricultural extension has followed the Cartesian model of scientific investigation, 

which places the scientific community:  

...by virtue of its methodological foundation and normative characteristics’ in the 
position of being seen as ‘uniquely capable of generating true and verifiable 
knowledge that bears no trace of its production in a particular social and cultural 
context. 

(Kloppenburg 1992, p. 98) 

Hence we have a situation in which farmers’ local knowledge has been largely ignored by 

traditional agricultural science and extension, and where information transfer is therefore 

seen as appropriate only if occurring primarily from scientist to farmer in a linear fashion 

(e.g. transfer of technology) (Flora 1992; Kloppenburg 1991). Flora and Kloppenburg suggest 

that this focus on scientific knowledge has prevented the development of an alternative 

agricultural science, and by default, alternative forms of agricultural extension. Gerber (1992) 

agrees with this point of view and suggests that one of the major issues between local and 

scientific knowledge is communication (or lack thereof) and the general approaches to 

problem solving taken by farmers and researchers. This is also a point made by Tully (1966), 

who maintained that the effectiveness of communication between extension officer and 

farmer was affected by how the two parties perceived the relevance of the information or 

innovation being suggested. According to Gerber (1992) ‘while farmers seek local solutions, 

scientists search for global truths’ . He also notes that the way in which farmers and 

scientists validate information is different, with farmers tending to focus on qualitative 

information that is sensitive to local conditions, while the scientific empirical method tends 

more towards broad quantitative data consistent with Cartesian science. Röling (1996) also 

suggests that the traditional scientific paradigm does not allow for value judgements in 

decision-making. He proposes that perhaps it is time for a paradigm shift based on Thomas 
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Kuhn’s (1970) concept of missing signals indicating time for a change. Röling maintains that 

the traditional agricultural science paradigm is missing several signals that may indicate the 

need for paradigm change, including: 

• The role of negotiation amongst stakeholders regarding solutions to natural resource 

problems and the use of natural resources i.e. today’s problems have less to do with 

person-thing relationships than they do with person-person relationships. 

• The linear process of information transfer has been found to be erroneous, with 

interaction amongst actors (such as farmers and researchers) being more important to 

the process. 

• There is a lack of trust in ‘experts’ – science tends to rely on itself as an objective 

purveyor of truth as the justification for its dominant position. 

• Concept of the ‘Risk Society’ and the uncertainty faced in the post-modern world calls 

for a ‘democratisation of science’. 

In the end, the uptake of an innovation by a farmer is a decision. In the traditional, linear 

model of extension it has been assumed that a clever or beneficial product or technology 

would be adopted by sensible farmers simply because the benefits were obvious, however 

the validity of assuming all innovations are beneficial is now challenged (Parminter et al. 2003; 

Rogers 1995). Under the expectations of these rationalist ToT and DoI models, farmers 

who did not adopt were deemed laggards and those who did adopt were seen as 

progressive or innovators (Kloppenburg 1991; Prior 2004; Rogers 1995; Röling 1996; 

Vanclay & Lawrence 1993). There has been little space for farmers to contribute generations 

of knowledge, nor little opportunity to contribute to technologies in such a way that they 

could be flexible enough to suit varying farm situations (J. Prior, pers. comm. 2004,  Vanclay 

& Lawrence 1994). This is not to deny the necessity of knowledge generated by science, but 
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rather to highlight the need for a more balanced approach to what constitutes valid, useful 

knowledge in the farming context. 

Vanclay and Lawrence identify several ‘barriers to adoption’ that they see as inherent to the 

traditional, technology transfer and diffusion-style, extension models, including: 

• Uneven distribution of information and technologies; 

• Failure of diffusion to occur; 

• Process of ‘knowledge-trial-adoption’ not always followed; 

• Innovations often presented with indivisible components – all-or-nothing packages; 

• Failure of awareness and information to lead to adoption. 

Typically, these top-down, linear models have dealt with what could be termed single 

solution problems  – or where the problem is more complex, it has been broken down in 

order to allow for the offering of a single, ‘silver bullet’, solution (Mueller Schaerer 2002). 

This practice is in line with the traditional Cartesian scientific process discussed above which 

is by its nature reductionist and seeks to disassemble, then reassemble separately studied 

parts of a whole (Kloppenburg 1991). In the parasite industry, an example of such a solution 

would include the use of chemicals to control parasites rather than utilising other, more 

complex patterns of management to control parasitic infection.  

What has been missing from the more traditional forms of agricultural extension are the 

impact of society, family, personality, religion and culture on farmer decision-making – 

referred to throughout this document as socio-cultural aspects – as well as solutions 

attempting to deal with more complex, whole-system, problems in a complex way (e.g. 

sustainability and environmental management) (see for example Tully 1964). It is particularly 
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relevant to include farmer knowledge and experience in these types of problems (and 

solutions) since much of their understanding is based on the farming system operating as a 

whole. 

2.3 Towards a New Extension Paradigm 

More modern models of extension, particularly those attempting to deal with issues of 

sustainable agriculture and natural resources management, eschew the top-down linear 

approach in favour of a more participative, partnership approach that acknowledges the 

embeddedness of agriculture in the social and cultural contexts of farmers and their 

communities (Chambers et al. 1989; Francis et al. 1988; Kroma 2001; Long & Long 1992; 

Röling 1996; Tully 1964; Tully 1966; Vanclay & Lawrence 1993). This type of approach was 

first adopted by researchers in developing countries (Kloppenburg 1991), where a more 

ethnographic, socio-cultural approach was recognised as fundamental to overcoming obvious 

cultural and religious barriers to new technologies and innovations in the late 1980s (see, for 

example, Long & Long 1992). An example of this more participative group approach in 

Australia is the Landcare model, which was endorsed by the Working Party on Sustainable 

Agriculture in 1991. This model is based on group information sharing and is seen to have 

several advantages, including (Carr 1995; Vanclay & Lawrence 1993):  

• peer group support to help encourage change; 

• promotion of adaptation of technology and experimentation for local needs and 

conditions; 

• access to a wide skills base through the group to allow dealing with complex issues; 

• positive atmosphere and environment; 

• groups conducive to social learning theory and adult education situation; 
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• power and empowerment for participants; 

• the efficient and effective use of extension officers and resources; and 

• provide opportunity to include community attitudes in decision-making. 

However, there are also problems with this approach. Vanclay and Lawrence (1993) point 

out that the participative approach, whilst seemingly empowering farmers, plays a dual role 

of allowing governments to disassociate themselves from outcomes and also allows for a 

reduction in costs as extension for individuals is replaced by groups with minimal agency 

input through time and resource commitment. They further indicate that groups 

manipulated by vested interests can occur, a view supported by research conducted by Carr 

(1995), who found group members identifying elitism and exclusion as a problem with 

Landcare groups.  

In particular, Vanclay and Lawrence (1993) express concern that more wealthy, articulate 

farmers (the traditional progressives) may not only dominate Landcare groups, but can also 

dominate agricultural research and development projects and boards, which are mandated 

to include farmer participation. They fear that board appointment may be weighted towards 

‘top-end’ farmers who have skills outside of farming (e.g. business skills) and as such that 

these people may not be representative of the majority. Further, farmers’ representatives on 

R&D boards are only one group of those represented and there is also potential for novice 

board members to be intimidated, or seasoned members to be bureaucratised. Lastly, 

farmer-led, group extension relies on the farmers knowing their own problems, and in the 

case of environmental problems, Vanclay and Lawrence suggest that farmers may not be able 

to accurately identify such problems, since they are typically insidious in nature (Vanclay & 

Lawrence 1993).  



- 20 - 

Ultimately, these authors suggest an approach balancing farmer and scientific-researcher 

participation as the preferred, and as an example point to a Dutch practice called 

Voorlichting (knowledge acquired through study or experience or instruction), which 

focuses on guiding farmers with scientific knowledge but also allowing them to find their 

own way. Vanclay and Lawrence see this as an iterative, top-down and bottom-up 

approach.  

Carr’s (1995) research also indicated that a type of ‘group think’ can occur in Landcare 

groups, stifling new ideas. She also found that extension officers in particular thought the 

lack of individual focus was a disadvantage and suggested further that group models were 

just ‘old games’ with ‘new rules’. The issues identified above tend however to ignore the 

overall benefit that a group approach has given to farmer learning and involvement in 

addressing and acknowledging land management issues (J. Prior, pers. Comm.. 2004). Carr’s 

studies have also found support for this overall learning benefit, especially from the 

perspective of individual Landcare group members. Interestingly enough, Landcare as a group 

concept has suffered in recent years, with participant numbers dropping. Further, 

government funding is now being made open to all landowners who have a sustainability 

project, irrespective of whether they are a member of a Land Care group (Jackie, pers. 

comm., Landcare meeting, Uralla, 2006). 

Other researchers see the push for more participative modes of extension originating from 

the changing nature of agriculture in general (a point which Vanclay and Lawrence also note). 

Francis et al. (1990) and Marsh and Pannell (2000b) suggest that market changes, the cost 

and availability of inputs, and government programs and regulations all play a role in driving 

extension to higher levels of farmer participation. Francis et al. (1990) argue further that the 

image problem suffered by agriculture through the mis- or over-use of chemicals and 

agriculture-related environmental problems also has an effect on this process. They see the 
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future of agricultural extension in participatory networks in which those involved are 

recognised as both users and generators of information, thereby optimally creating an ‘open, 

multi-directional information environment’. They envision an information system that 

attempts to manage both the volume of information produced by such a network, as well as 

the complexity of information that may be available. They state “There is a convergence of 

information that brings specialists in research and extension close to farmers ... in a mutual 

quest to understand complexity” (Francis et al. 1990, p. 154). 

In order to meet the challenges to traditional agriculture outlined above, Francis et al. (1990) 

specifically see a move in extension from the historical emphasis on providing a service to 

farmers (Tully 1966), to a more formal educational approach. Agricultural extension has 

always been about learning, however the delivery of information (or innovations), has not 

always paid heed to adult education learning principles and the importance of the ways in 

which adults learn. Indeed adult education focused specifically on workplace and technical 

education has expanded globally as an area of study (Foley 2004), and this is a reflection in 

other industries in the importance of more formal approaches to education in workplaces, 

as well as acknowledgement of the informal learning projects that people habitually 

undertake (Foley 2004; Tough 1979). Francis et al. are particularly supportive of a decision-

case method of structured learning that allows farmers to ‘retrieve on-farm, local knowledge 

and then apply it in new and creative ways’ (Francis et al. 1990). They embrace the populist 

adult education concept that ‘education leads to empowerment’ (see for instance work by 

Paulo Freire on empowering education) and support the idea of giving farmers the necessary 

tools to evaluate technological alternatives objectively and critically, rather than encouraging 

to just accept what is presented to them.  

The approach of Francis et al. on the point of education is different to that of Gerber (1992), 

who maintains:  
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(the) distinction between research activities and educational activities is not 
important. Knowledge is not viewed as a commodity...but the result of a 
continuing, cooperative process among partners or co-learners. 

(Gerber 1992, p. 119) 

This is similar to the view proposed by psychologist George Kelly, who described ‘man as a 

scientist’ who was continually investigating the world and adding new information to his/her 

system of personal constructs (Kelly 1963). This constructivist view of the world, is 

supported also by Röling, who states “The epistemology that should be considered as a 

foundation of the new scientific paradigm is constuctivism” (Röling 1996). 

Röling argues that reality is socially constructed, and therefore a choice, with the implication, 

as Kloppenburg argued, that realist positivism (i.e. the traditional, Cartesian scientific 

paradigm), is ‘simply one of many ways to socially construct reality.’ Hence, I would argue it 

is important to investigate how people (e.g. farmers) construct their reality in order to 

understand what they may perceive as risky or a ‘barrier to adoption’. Röling further states, 

in support of constructivism as an appropriate new epistemological basis for agricultural 

science: 

An important advantage of a constructivist perspective is that there is room for a 
contribution by the social sciences...(this role can be fulfilled)...not only by 
understanding and stimulating the collective learning process but also because the 
social sciences themselves help shape human sense making. 

(Röling 1996, p. 41) 

Consequently, from a constructivist point of view, scientists (who typically engage in the 

person-thing reality, rather than person-person relationships) would “no longer be satisfied 

by ...developing knowledge for people. Instead, science’s mandate would include helping 

people at different levels of social aggregation to develop knowledge” (Röling 1996, p. 43). 

This would be achieved by scientists participating in social learning processes – such as the 

participatory extension models described above. Röling stresses that these types of 

participatory approach are important for: 
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...integrated and ecological forms of agriculture, which are knowledge intensive in 
that the farmer actively manages a complex ecosystem based on observation and 
anticipation, largely using natural processes. 

(Röling 1996, p. 44) 

Gerber’s view is, as he points out, based on the part of adult education theory that asserts 

adults’ learning will be stimulated by the desire to solve problems, and that learning best 

occurs when the learner initiates their own research process. This is an approach to learning 

that Tough supports, and believes is evidenced through the learning projects that adults 

undertake every year (Foley 2004; Tough 1979). In this way researchers and farmers interact 

on a consultative basis, with much of the inquiry work performed by the farmer and 

interpretation at all levels shared amongst participants, in what Gerber (1992) envisages as a 

participative group project (like Landcare). As Vanclay and Lawrence (Vanclay & Lawrence 

1993; Vanclay & Lawrence 1994) note however, this type of approach is dependent on 

participants being aware of the problems they need to solve and being aware also of the 

information they need or where to find it. In this way the Dutch Voorlichting model of 

researchers or extension agents guiding farmers (or learners) in the quest is a more 

balanced approach incorporating the resources (or the access to resources) a farmer may 

need in order to learn and solve their problems and potentially identify new ones.  

2.4 Extension, Adoption and Risk 

Pannell (1999), an agricultural resource economist, identified a slightly different set of 

barriers that may contribute to the lack of adoption, even in Landcare type programs, 

including: 

• high implementation costs, 

• lack of direct payoff from implementation, 

• lack of physical and human capital, 



- 24 - 

• lack of sufficient “stewardship” ethic among farmers, 

• farming subcultures and social pressures, 

• lack of a suitable regulatory framework, and 

• risk and uncertainty. 

At the time he wrote the article, Pannell was particularly concerned with the impact risk and 

uncertainty had on adoption, indicating that he believed problems of uncertainty surrounding 

“sustainable” innovations are ‘much more profound and intractable than for most farming 

innovations’ (Pannell 1999). Reasons for the latter could be, as Vanclay and Lawrence (1993) 

point out, that sustainability issues are often ‘insidious’ in nature, but I would also argue, that 

frequently ‘sustainability’ problems and the required solutions are more complex since there 

is typically a need to look at the farm environment as a dynamic system of inseparable and 

interacting parts. Pannell also notes that (simpler) production-oriented innovations are often 

also affected by risk. A study by Abadi and Pannell (in Pannell 1999) using Bayesian decision 

theory showed empirically that uncertainty can be a clear, measurable and substantial factor 

in adoption. They suggest that: 

...farmers are likely to come to any radical innovation with scepticism, uncertainty, 
prejudices and preconceptions...They may be particularly wary of a system that is 
radically different from that with which they are familiar and comfortable. They 
will probably hold an attitude that the people advocating such a radical system do 
not understand the realities of farming, or at least of their farm. 

(Pannell 1999, p. 1) 

In taking an approach to adoption barriers that is not based on utility maximisation or other 

such economic model, Pannell suggests other ‘states of awareness or knowledge’ that 

farmers must reach about a suggested innovation. These include: 
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• awareness of the innovation – about both its existence and it potential relevance and 

practicality. 

• a perception that the innovation proposed is feasible and worthy of conducting a trial. 

• a perception that the innovation is congruent with the farmer objectives – whether 

these are production, lifestyle, leisure, social or environmental objectives. 

The remaining impediment, regardless of the above, would also be uncertainty about the 

impacts of adoption – which Pannell sees as an ‘intrinsic discouragement’ to adoption of a 

new innovation (Pannell 1999). With this in mind, Pannell proposes a process approach to 

extension, that ‘highlights the role of learning in the dynamics of adoption, and clarifies the 

benefits of trailing’ (Pannell 1999). Hence, Pannell is a firm proponent of farm trials and 

suggests that extension and expectation of adoption should account for the three key 

elements of ‘time, risk, and learning.’ He states further: 

...the trial can be seen as the first step in adoption. Indeed, it might be considered 
that trailing is indistinguishable from adoption – that each production system is 
always and forever on trial, with different decisions made as perceptions and 
expectations evolve. 

(Pannell 1999) 

Despite his faith in trailing, Pannell also noted some drawbacks, including the long time-scales 

that may be necessary for results; heterogeneity of the land on a farm and similarity to the 

trailed area; the amount of land required for trailing; ability to observe results; low 

covariance with traditional practices and poor implementation. Trials can also be costly and 

irreversible, which may also negatively affect their usefulness and feasibility (Pannell 1999). 

Pannell notes that the joint approach of the Landcare model may provide greater 

opportunity for farmers to share trial costs, effort and risks. 
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This section has investigated the tradition approaches to extension and adoption, which are 

founded in the positivist approach of Cartesian science, and which have not adequately 

account for the learning aspect of extension and adoption. The following section will 

examine adoption and extension from an adult education perspective.  

2.5 Adult Education, Extension and Farming Styles 

2.5.1 Introduction 

As indicated earlier in this chapter, agricultural extension has traditionally followed a 

‘diffusionist’ path, wherein people are viewed as empty containers waiting to be filled with 

knowledge (Foley 2004). Agricultural extension, with its roots in University outreach 

programs, is a form of adult education that has tended to ignore the prior knowledge and 

experience of its participants. Adult education in general has followed a similar ‘diffusionist’ 

path, which Foley views as being founded on colonialism and patriarchy (Foley 2004). Foley 

discusses the three major paradigms within which adult education has existed, including 

education as science, the interpretive paradigm and critical theory. The scientific paradigm 

has already been discussed in this chapter. The interpretive paradigm sees knowledge as 

subjective and socially constructed and is based on the assumption that people view the 

world differently. This paradigm focuses on the interaction between the self, society and 

culture, and has a strong emphasis on communication and the use of language and symbols.  

Critical theory, is based on the social context of knowledge and education, and focuses on 

the relationship between knowledge, power and ideology (Foley 2004). It is viewed as a 

transformative or an emancipatory approach designed to empower learners within their 

society. It takes the interpretive paradigm a step further from understanding that people see 

the world subjectively on an individual level, to acknowledging that people’s understanding 

are influenced by society and social knowledge (how cultural, economic and political 
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processes work). Critical theory is not as common in U.S.-centric adult education, which 

tends to embrace more scientific or interpretivist approaches, and is more common in 

Europe and Latin America, where activism is more developed in adult education (Foley 

2004). 

A large part of adult education under the non-scientific paradigms is about understanding 

oneself and society at large. In this way theorists have undertaken to develop typologies that 

can help to explain the different approaches to knowledge and learning that people have and 

to match these with more effective and accessible learning approaches and materials. A brief 

summary is provided below. 

2.5.2 Adult Education and Learning Styles 

An important component of adult education is an understanding of styles of learning and in 

particular, the constructivist approach, which is the most common approach adopted today 

(Candy 1981; Candy 1991; Merriam & Caffarella 1999). The social constructivist perspective 

of learning draws on the work of Russian cognitive psychologist Lev Vygotsky, whose work 

was applied to the learning framework predominantly by social constructivitsts Gergen and 

Prawat (Foley 2004). Candy (1981), has also investigated the application of personal 

construct theory for training adult educators. Phillips (1995) indicated that the range of 

constructivist authors is broad, and identified six authors who highlight the ‘range, 

complexity, and “symbolic force” of constructivist ideas’ (1995, p. 6). Merriam and Caffarella 

succinctly describe this group of constructivist perspectives on learning: 

Von Glaserfeld’s work in math and science education, Kant’s notions of knowledge and 

experience, feminist theorists’ views on knowledge construction, Kuhn’s work on scientific 

paradigm and revolutions, Piaget’s theory of cognitive development, and Dewey’s 

assumptions about knowledge and experience. 
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(Merriam & Caffarella 1999, p. 261) 

The authors point out that where these strands tend to differ is in relation to the 

importance of the individual versus social perspective of constructivism to learning i.e 

learning as an individual - internal cognitive activity, as opposed to the social context of 

learning – learning as a dialogic featuring culturally shared meanings (Merriam & Caffarella 

1999). Phillips (1995) pointed out that there exists a continuum between the two extremes, 

stating, “(some constructivists) believe that their theories throw light on both the question 

of how individuals build up bodies of knowledge and how human communities have 

constructed the public bodies of knowledge known as the various disciplines) (p. 7). From 

the perspective of learning, I would agree that theories of individual and social 

constructivism are not mutually exclusive, but in fact exist together in an iterative existence 

where both inform each other. A useful concept to this study that has come out of 

cognitivist and social constructivist perspectives described above is the idea of cognitive 

styles. 

Notwithstanding the debate regarding the individual versus social approach to 

constructivism, cognitive styles (which are represented by a constructivist approach – as 

opposed to behaviouralist approaches) typically refer to the way in which people receive and 

process information. Merriam and Caffarella define cognitive styles as “consistencies in 

information processing that develop in concert with underlying personality traits” (Merriam 

& Caffarella 1999, p. 208). Cognitive styles are typically considered to be very broad and 

encompassing, and are much more related to the way people make sense of their world. 

The two main broad styles under this system include the global perspective and the 

analytical perspective. In the former type people “process information in a simultaneous 

manner”, and “tend to perceive information in a concrete and subjective manner” (Merriam 

& Caffarella 1999, p. 208), while in the latter, analytical learners “want information in a step-
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by-step manner and tend to perceive information in an abstract and objective manner” 

(Flannery 1993, p. 16).  

Learning styles, while similar to cognitive styles, refer specifically to a person’s perceptions 

and processing of information in a learning situation and may be heavily influenced by 

culture. Learning styles are sometimes also categorised into three major types based on 

pedagogic theory (childhood learning), including language learning, numerical learning and 

kinaesthetic (visual and hands-on) learning. Most people tend to be dominant in one style, 

but also possess the others to varying degrees. Learning and Cognitive styles are useful to 

adult educators because they allow the educator to understand how their students approach 

learning and how best to present material in an accessible way to the different people in 

their group.  

As a form of adult education, agricultural extension should not be immune from the 

influences of current education theory. Agricultural extension can potentially benefit as 

much from the application of cognitive or learning style research as can other areas of adult 

education. Kilpatrick and others for instance in Australia, have studied the issues of farmer 

learning and training in Australia, and argue that farmers, like other adults, do not learn in 

the same way and therefore require education to be presented in a variety of ways 

(Kilpatrick & Rosenblatt 1998).  

Kilpatrick and her colleagues have primarily focused on farm learning in the context of 

training (vocational education) and farm business management. Primarily, this is because it 

has frequently been perceived that farmers require more formal business management 

training in order to improve farm profitability and viability (Kilpatrick & Johns 2003; 

Kilpatrick & Rosenblatt 1998; Salmon 1980). Kilpatrick and her colleagues have studied the 

alignment of the extension and vocational education and training sectors (Kilpatrick & Millar 
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2006), farmer participation in training and formal learning (Kilpatrick & Williamson 1996) and 

investigated the ways in which farmers prefer to learn (Kilpatrick & Johns 2003; Kilpatrick et 

al. 1999; Kilpatrick & Rosenblatt 1998).  

Kilpatrick and Rosenblatt (1998) identified five main reasons why farmers seem to prefer 

more informal sources of learning as opposed to form training. These include  

... a preference for independence, familiarity with a highly contextual learning mode, lack of 

confidence in working in training settings, a preference for information from known sources 

and a fear of being exposed to knew knowledge and skills. 

(Kilpatrick et al. 1999, p. 2) 

These findings are important to guiding agricultural extension down a path that 

acknowledges farmer learning preferences. However, I believe the work carried out by 

Kilpatrick and Colleagues, can be enhanced by further probing into the fundamental reasons 

for these preferences (e.g. why are farmers fearful of exposure to new knowledge?). 

Complimenting the research carried out by Kilpatrick and others is research looking at 

particular styles of learning that farmers may display. Along this vein, several authors have 

also attempted to bring the learning styles approach of developing typologies of learners to 

agricultural extension through the concept of farming styles (Glyde & Vanclay 1996; Howden 

& Vanclay 1998; Mesiti & Vanclay 1996; Mesiti & Vanclay 1997; Mesiti & Vanclay 2006; van 

der Ploeg 1994; Vanclay et al. 2006; Whatmore 1994). A history of farming styles and future 

directions in this research is outlined below. 

2.5.3 Agricultural Typologies  

In much the same way that adult education theory has a concept of cognitive and learning 

styles, it has been proposed that there may exist in agricultural extension, the concept of 
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farming styles (van der Ploeg 1994; Vanclay et al. 1998).  Farming styles, is of course a 

typology, the likes of which have been used for a long time in sociological analysis and can be 

dated back to Weber’s notion of ‘ideal types’ (Whatmore 1994). As stated by Whatmore et 

al.: 

The use of typologies has a long lineage in rural sociology as one method by which 
to formalise our understanding of these differences. Typologies should not be 
regarded as ends in themselves nor simply as a preliminary step in the resorting 
of social data but rather a potentially useful methodological tool providing a vital 
link between theory and practice. 

(Whatmore et al. 1987a, p. 22) 

Whatmore (1994) asserts that it is very difficult to compare different typologies, since each 

is situated within its own context and the aims and uses may vary. Whatmore et al. point out 

that typologies in rural sociology have typically been used to “distinguish the social and 

economic characteristics of farming” (Whatmore 1994, p. 31; Whatmore et al. 1987a, p. 22), 

but often focus on different units and objectives of analysis. Whatmore (1994) maintains that 

the most frequent basis in rural sociology for the construction of typologies is the positivist 

approach, which is based on the scientific paradigm. This is in-line with extension models, 

which have also tended to be top-down and positivist in approach as discussed earlier in this 

chapter.  

Whatmore et al. (1987a; 1987b) have created a typology of farm businesses in Britain based 

on the way in which these businesses have been either directly or indirectly commoditised; 

another example is Volker’s (1992) identification of four categories of farmers on, according 

to Whatmore, the basis of “the centricity of economic considerations to their motivation 

and the adaptations of their land-use practices towards environmental ends” (Whatmore 

1994, p. 34). Volker’s typology, included the centricity of economic motivations to farming in 

The Netherlands as part of a larger question about motivations for farming and the 

development of his typology also encompassed two other characteristics, including: 

perceptual and actual use of the landscape; and the functional concept of the rural landscape 
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(Volker 1992). Whatmore et al. point out that most of the typologies developed since the 

1960s and through the 1980s have used a kind of stratification analysis from the positivist 

tradition that “attempts to distinguish between social classes within the farming community 

or to locate farmers within a wider system of social stratification” (Whatmore et al. 1987a, 

p. 22). This type of typology typically involves,  

...the identification of regular, observable relationships between social event or 
phenomena. In this context observation statements are elevated above any other 
kind and often are treated as verifiable or falsifiable without reference to an 
explicit theoretical or conceptual statement. 

(Whatmore et al. 1987a, p. 23) 

Whatmore et al. criticise this type of typological framework and prefer instead a more realist 

approach, wherein  “It is on the basis of theory that causal mechanisms linking observable 

social phenomena are identified, although the mechanisms may not themselves be directly 

observable” (Whatmore et al. 1987a, p. 24). 

This type or ‘relational’ typology means that the relations that define the groups may not be 

the same, even where the same morphological features of a phenomena are identical (e.g. 

farm or flock size might be the same but the relations between phenomena are different). 

Hence, the main difference between Whatmore et al.’s (Whatmore et al. 1987a; Whatmore 

et al. 1987b) approach and the traditional positivist approach is that one is based within 

theories of causality and the other rests purely on observable empirical data, without 

identifying causal relationships between actors or phenomena.  

Whatmore et al. (1987a) maintain that taxonomic typologies created in the positivist 

tradition not only lack grounding in theory and mechanisms of causality, but also lack the 

ability to distinguish from other potential causal factors that do not show signs of ‘regularity’ 

under observation. This is a point acknowledged by Stinchcombe (1961), who produced a 

positivist typology of  agricultural enterprises based on classes in agriculture.  Finally, 



- 33 - 

Whatmore et al. criticise the positivist approach to typologies as representing a static and an 

a-historical approach as they concentrate on observable forms and not underlying processes. 

This is a view shared by Goss et al. (1980), who devised an agricultural typology using a 

Marxist property ownership approach to categorisation in an attempt to develop a typology 

embedded in “a dynamic historical analysis which can provide a theoretical grasp of the 

changes in the structure of agriculture” (Goss et al. 1980, p. 84).   

Whatmore (1994) provides a critique of van der Ploeg’s ‘styles of farming’ with particular 

focus on the assumptions and limitations on typologies as a methodological tool. According 

to Whatmore, van der Ploeg’s typology is an ‘experiential’ or hermeneutic approach to 

construction. Under this definition, farming styles as conceptualised by van der Ploeg 

represents “interpretative and representational discourses, with the primary analytical 

objective being the explanation of behavioural processes” (Whatmore 1994). Within this 

framework of typologies, van der Ploeg’s is obviously a departure from the norm, in that it is 

amongst trends, seen also in agricultural extension, to provide an alternative approach to the 

traditional, positivist, scientific paradigm. Such an approach, in policy terms, is marginalised 

since it poses a ‘challenge’ to the current scientific paradigm (as discussed earlier in this 

chapter) and presents ‘technical handling problems’ (Whatmore 1994). Whatmore (1994) 

has created a table showing the different typological approaches that have been used in rural 

sociology, this table is reproduced below: 
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Table 2.1.  Typologies in Rural Sociology as per Whatmore et al. 

Typologies Epistemological 
Frame 

Basis for Abstraction Primary 
Analytical 
Objective 

Policy 
Implications 

Taxonomic 
Group 

Positivist Formal/Morphological Features 
(eg farm size by acreage/labour 
time) 

‘Data 
Sorting’ 
(ordering 
empirical 
observations) 

Influential due 
to  

i. authority of 
‘scientific’ 
method 

ii. technical 
replicability 

Relational 
Group 

Realist Causal/Structural Relations (eg 
extent of commodisation of 
farm (re)production process) 

Theoretical 
Development 
(explaining 
causal 
processes) 

Influence 
constrained by 

i. ‘illegitimacy’ 
accorded to 
explanatory 
reasoning 

ii. lack of 
standardize
d 
criteria/met
hods 

Experiential 
(Folk) 
Group 

Hermeneutic Interpretative/Representational 
Discourses (eg self-identity vis-
à-vis others) 

Theoretical 
Development 
(explaining 
behavioural 
processes) 

Marginalised 
due to 

i. challenge to 
‘scientific’ 
method 

ii. technical 
handling 
problems 

2.5.4 van der Ploeg�s Farming Styles 

Van der Ploeg was one of the first rural sociologists to develop the concept of farming 

styles, as opposed to typologies of business models. Van der Ploeg developed the concept 

within the context of European farming and the idea of identifying exogenous and 

endogenous growth patterns in agriculture, particularly with reference to examining areas of 

‘marginalised’ agriculture. Under van der Ploeg’s conceptualisation of farming styles, styles 

“...allow us to conceptualise as social construction the specific ways in which the labour 
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process is organised” (van der Ploeg 1994, p. 7). Van der Ploeg’s concept of farming styles 

was centred on “conceiving of patterns of farming as strategically organized flows of activity 

through time” with the aim of “allow(ing) us to isolate the theoretically meaningful trends of 

exogenous and endogenous development and stagnation” (van der Ploeg 1994, p. 16). 

Hence, van der Ploeg’s formulation of farming styles is more about investigating the 

structural issues in agriculture, with a degree of actor dependence. That is to say, that actors 

(i.e. farmers) have a hand in the structural past, present and future through their production 

choices, or as van der Ploeg states their “goal-oriented, strategic behaviour” (van der Ploeg 

1994, p. 16). He further goes on to assert that the ‘organized flows of activities through 

time’ are socially constructed projects if: 

...farming is understood as the social (and therefore goal-oriented) coordination of 
the whole range of tasks which together constitute the totality of the farm labour 
process, and that such social coordination implies the ongoing observation, 
interpretation and evaluation of similar and different forms of social-coordination 
(i.e. one’s own and the farming practices of others). 

(van der Ploeg 1994, p. 17) 

Farming styles were originally described by Hofstee (1985)  as being heavily entrenched in 

culture and locality, with van der Ploeg stating further: 

A style of farming then is the complex but integrated set of notions, norms, 
knowledge elements, experiences etc., held by a group of farmers in a specific 
region, that describes the way farming praxis should be carried out. 

(van der Ploeg 1994, p. 17) 

Hofstee suggested in 1963 that within particular regional group of farmers, the dominant 

members accept a certain way of life, a certain way of carrying out farming practices, and did 

not wish to deviate from this. According to Commandeur (Commandeur 2003), Hoftsee 

identified three reasons for farmers not wanting to change from their chosen lifestyle, or 

style of farming, including: a general insecurity about change; fear of personal criticism and 

loss of social status; and investment in current infrastructure that supports the current style 

of farming (Commandeur 2003). Van der Ploeg points out that the way in which farming is 
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now conducted has changed in the post war period since Hofstee (Hoftsee 1985 in van der 

Ploeg 1994) wrote about farming styles, and maintains that farming styles “have become the 

(intra-regional) responses adopted by farmers to technology and the market” (van der Ploeg 

1994). Further still, van der Ploeg suggests that the responses by farmers are not limited 

even to the regional level, but are influenced also by national and international agrarian 

policy. Hence, under van der Ploeg’s conceptualisation of farming styles, there is a “unity of 

farming discourse and practice”, and they also involve the “specific structuration of the 

labour process, of the organization of time and space as concrete dimensions” which “result 

in a particular organization of the process of production...particularly at farm enterprise 

level” (van der Ploeg 1994).  

Finally, van der Ploeg describes styles of farming as representing “specific connections 

between economic, social, political, ecological and technological ‘dimensions’” (van der Ploeg 

1994, p. 18). He maintains that each farming style represents a ‘nodal point’ that “allows for 

the transfer of meaning from one ‘dimension’ to the other” (van der Ploeg 1994, p. 18). 

Hence the farmer has personal and farm-level relationships, as well as relationships with 

other farmers, markets, governance bodies and the institutions researching and developing 

new technologies. Van der Ploeg maintains that farmers have a good sense of their own 

cultural ‘repertoire’ and that of other farmers within the region, as well as an understanding 

of the linkages between markets and technology which can be used in their interactions with 

these various dimensions (van der Ploeg 1994). In this way, farmers of a particular region 

have their own set of typologies or stereotypes that they apply to other farmers in their 

region. These stereotypes might not be obviously coherent to outsiders and the focus of the 

typology may be different for each farming region. Foci might include ideas such as desire for 

profit or size of operation, or approaches to growth. Van der Ploeg refers to these 

stereotypes as ‘folk concepts’ (van der Ploeg 1994).  
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Van der Ploeg’s work with Friesian dairy farmers focussed on two aspects of farming in 

order to represent difference between styles of farming, including technology and markets. 

In what he referred to as the ‘space to manoeuvre’, van der Ploeg attempted to represent 

differences between farmers’ application and orientation towards technology (the 

straightforward application versus the modification of technology through craftsmanship); as 

well as how farmers mobilised their resources in relation to the market (Orientation on 

Markets e.g. including the organization of farm labour). This was represented in as Figure 2.0 

reproduced below. A similar study by Roep and De Bruin (Roep & De Bruin 1994), 

represented farming styles as classes of farms are related to the dimensions of Intensity and 

Scale – which van der Ploeg maintained was just a different way of representing similar 

results (Commandeur 2003). 

The particular thrust of van der Ploeg’s work is the acknowledgement and examination of 

more endogenous farming systems as not necessarily representing farmers who are 

‘laggards’ or backwards in their approach to farming and growth, though they typically 

represent marginalised farmers in the European agrarian system. Rather, van der Ploeg is 

interested in looking at more endogenous farming approaches as a category of their own, 

which cannot be compared to the traditionally ‘progressive’ farming approaches, which tend 

to be exogenous in their approach (i.e. attaining increased production through the use of 

mostly external inputs). He maintains that endogenous growth patterns should be viewed as 

a “model of their own, which must be evaluated with specific and adequate criteria” (van der 

Ploeg 1994, p. 21). In a sense, van der Ploeg and his co-researchers sought to champion the 

smaller farmers who are reliant on their own resourcefulness and innovations 

(craftsmanship) to improve or at least maintain their farming enterprise and contribute to 

the revitalization and dynamics of their locality.  



- 38 - 

 
Figure 2.1. Styles of farming on Friesian dairy farms in relation to Technology 

and Markets. Styles represent main characteristic of the farmers 
represented – from size of farm to motivation. 

From van der Ploeg (1994). 

2.5.5 Farming Styles in Australia: Vanclay and Others 

Vanclay and associated researchers have attempted to adjust the concept of farming styles to 

the Australian agrarian framework since 1993 (Vanclay et al. 1998). Vanclay completed his 

PhD thesis at Wageningen University in The Netherlands and was influenced by the work of 

van der Ploeg and other researchers at this institution. Although Vanclay and some of his 

associates and post graduate students have attempted to introduce the concept of farming 

styles into Australian agriculture, particularly within the context of viticulture, the idea has 

never really taken hold, and in fact several of the studies and publications published by 

Vanclay and his co-researchers have suggested that the concept is not workable in the 

Australian context. Prior to his introduction to farming styles in 1993, Vanclay had been 

working on a theory of farming subcultures, which was however not as fully developed a 
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concept as van der Ploeg’s farming styles (Vanclay et al. 1998). Vanclay has written about the 

differences between the two approaches, critiquing them from the Australian perspective. 

Research into farming styles peaked in Australia during the mid-to-late 1990s, but then 

languished relatively untouched until recently, when Vanclay and co-researchers took 

another look at the concept and published two new articles in 2006 (Mesiti & Vanclay 2006; 

Vanclay et al. 2006). This section will examine the research and application of farming styles 

in Australia, including Vanclay’s early and most recent views on the applicability of the 

concept. 

2.5.6 Farming subcultures 

Vanclay’s notion of farming subcultures is based somewhat on the idea of ‘cultural habitus’, 

which includes: 

those aspects of culture that are anchored in the body; or, daily practices of 
individuals, groups, societies and nations. It includes the totality of learned habits, 
bodily skills, styles, tastes, and other non-discursive knowledges that might be said 
to "go without saying" for a specific group. 

(Mauss 1936) 

The concept of cultural habitus was promoted also by Pierre Bourdieu, to whom Vanclay 

refers, with Bourdieu using the term to also include beliefs, in a reflexive conceptualisation 

of social science that attempted to bridge the gap between objectivism and subjectivism. 

Vanclay indicates that though his work was not ‘explicitly’ based on Bourdieu’s work “there 

are certain similarities, and research could proceed in that direction” (Vanclay et al. 1998, p. 

86). Vanclay maintains that farmers have a good understanding of extension language due to 

the ‘hegemonic power’ of extension science in Australia and that given extension language is 

a part of farmer discourse, the extension notions of ‘best practice’ are also a part of 

legitimate farmer discourse. Under Vanclay’s conception of farming subcultures, farmers are 

said to be motivated by their understanding of ‘good farm management’, though what 

constitutes ‘good’ of ‘best practice’ differs amongst farmers (Vanclay et al. 1998). Vanclay’s 
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development of farming subcultures, was not taken further than this initial framework after 

his attention turned to van der Ploeg’s notion of farming styles. 

2.5.7 Farming styles: Vanclay�s early critique (circa 1997/8) 

Vanclay’s major criticism of van der Ploeg’s farming styles lies in the focus on structural 

factors affecting farmer decision-making, and the suggestion that styles are concrete and 

readily identified by farmers in the same sense that a researcher would identify them – that 

they form part of a definite ‘cultural repertoire’ as described earlier in this section. Research 

conducted by Mesiti and Vanclay (Mesiti & Vanclay 1996; Mesiti & Vanclay 1997), and by 

Howden et al (Howden & Vanclay 1998; Howden et al. 1998) suggested that within the 

Australian context at least, farmers are no more aware of all the farming styles in existence 

than they are of their own style. Vanclay, suggests instead that farming styles in the 

Australian context are more akin to “heuristic ‘parables’ that exist as examples to assist 

farmers in their decision making” (Vanclay et al. 1998, p. 91). He also suggests that van der 

Ploeg’s notion of styles are a form of ‘ideal type’ whose conceptualisation is possible only at 

the individual farmer level rather than a regional cultural level as intimated by van der Ploeg.  

Early research in the area of farming styles focussed on studies conducted by Cees Leeuwis 

(Leeuwis 1993), a research associate of van der Ploeg. The methodology employed by 

Leeuwis (which may or may not have actually been developed by van der Ploeg according to 

Vanclay) included presenting Friesian dairy farmers with style portraits. Farmers were asked 

which portrait they identified most strongly with, as well as to rate on a scale of 1 to 3 (not 

identify, partly identify and fully identify) the extent to which they identified with all six 

portraits. The method used by Leeuwis is criticised by Vanclay et al. (1998) on several fronts; 

including the use of a ‘starting conceptualisation’ presented to farmers – since this could bias 

and limit their responses; the pejorative nature of statements made by farmers to describe 

others instead of detailing their own farming approach, and therefore the subjectivity and 
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extensive reworking o f the portraits by the researchers; over-reliance on interviewee’s 

memory since the portraits were not presented on interview cards for reference during the 

interview; and use of the first person in the portraits and the limitation of identification 

response categories to three (Vanclay et al. 1998). Leeuwis’ use of discriminant analysis is 

also criticised because of the potential unreliability of the data collected due to the memory 

issue and the problem of farmer’s choice and statements being affected by social desirability.  

Vanclay also makes the point that it may not be necessary or even meaningful to classify 

farmers as belonging to a specific and detailed style or ideal type if improving extension 

strategies is the goal since heuristics should suffice “unless on-to-one extension is being 

considered” (Vanclay et al. 1998).  

Despite his criticism of the farming styles concept as implemented by van der Ploeg and 

Leeuwis, Vanclay et al. initially maintained that the notion “holds much promise” (Vanclay et 

al. 1998). As suggested earlier in this chapter, extension in Australia is seen to have failed 

because it does not address the heterogeneity amongst farmers. Vanclay et al. maintain:  

a better understanding of the differing worldviews and rationales of different 
types of farmers could be developed, and this could be used in the promotion of 
sustainable agriculture, through better extension targeting, as well as informing 
agricultural science of the problems as perceived by (different types of ) farmers. 

(Vanclay et al. 1998, p. 99) 

The latter statement in particular, about producer’s perception of their problems and the 

need for agricultural research and development teams to understand and acknowledge this is 

fundamental to my research approach also. Vanclay et al. go on to point out the 

acknowledgement of diversity in the field of marketing, where segmentation of clients based 

on their consumer behaviour is common practice, though much of their work is 

“unpublished proprietary information” (Vanclay et al. 1998, p. 100). Vanclay et al. also 

mention the work of agri-chemical resellers, who utilise classification systems to identify 



- 42 - 

diversity; as well as the work of Kolb and his concept of learning styles, which is used in 

adult education to identify diversity amongst learners. The point of mentioning these 

typologies is to indicate that it is a common practice and therefore not one that should be 

shied away from within the context of extension and farmer learning. With regards to how a 

styles classification could be useful in identifying diversity amongst farmers, Vanclay et al. 

state: “At a minimum, farming styles is the identification of groupings of farmers that have 

common worldviews and/or management practices” (Vanclay et al. 1998, p. 100). 

Through research conducted by Vanclay and his postgraduate students in the fields of 

viticulture and weeds, some progress has been made as to how the concept of farming styles 

might work in the Australian context. Specifically, Mesiti and Vanclay have concluded that 

styles are much more likely to be heuristics, rather than concrete and precisely descriptive 

identities (Mesiti & Vanclay 1997). Howden, whose research was conducted in broad acre 

cropping, found also that styles tend to be ‘mythical’ rather than representing reality, since 

focus groups led to the easy identification of styles, but further one-on-one interviewing 

failed to identify any of those styles encompassed by one person (Howden & Vanclay 1998). 

Vanclay is particularly sceptical about the use of focus groups to identify ‘real’ styles and 

suggests that it is in part the methodology that is leading to mythical styles since the focus 

group results have to undergo heavy ‘wordcrafting’ by researchers to create style portraits 

(Vanclay et al. 1998). 

At this early stage of research into farming styles in Australia, Vanclay et al. suggested ways 

in which the methodology for determining styles could be improved. Such changes include: 

• use of focus groups for a discussion about the types of farmers that exist and asking 

participants to write down descriptions of themselves as farmers, how they differ from 

others and all the different types of farmers they know of; 
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• focus groups that included women in order to avoid gender bias; 

• no ideological commitment to market position as in the studies conducted by van der 

Ploeg and Leeuwis; 

• use of interview cards during personal interviews; 

• increased number of response categories (from 3 to 4) for identifying portraits; 

• use of cartoon caricatures to represent portraits rather than precisely worded text 

written in the first person (a suggestion rather than a method actually tried by the 

researchers); 

• selection of variables, which could be used to classify farmers into styles, instead of full 

portraits; and 

• expert assessment of farmer responses rather than self-assessment. 

The last two items on Vanclay et al.’s (1998) list are particularly relevant to this thesis. 

There are still outstanding issues with the idea of farming styles however identified by 

Vanclay et al. (1998), particularly: 

• The problem of social desirability, and farmers identifying themselves so as to appear 

as ‘good’ as possible; and 

• Such a level of diversity that there is no common language, making the use of 

qualitative methods of assessment problematic. 

Whilst it will always remain true that participants will be subject to some level of social 

influence, and the desire to portray oneself in as good a light as possible; the use of varying 



- 44 - 

interview techniques, including the repertory grid, could alleviate this. Further, on the 

second point, Kelly (1963) would argue that the identification of common style indicators 

(or constructs) should be possible under the theory of personal constructs, since whilst 

people are indeed diverse in their construction of reality (individuality corollary), according, 

conversely, to the commonality corollary: “to the extent that one person employs a 

construction of experience which is similar to that employed by another, his psychological 

processes are similar to those of the other person” (Kelly 1963, p. 90). Hence, to the extent 

two people with similar experiences may construe them in the same or a very similar way, 

they will tend to have some areas of commonality for which there are a finite number of 

dichotomous constructs to identify or describe them within a particular ‘range of 

convenience’ (range corollary) (Kelly 1963). This is not to say people who have similar 

experiences WILL construe them similarly, but there is the possibility that they might, 

especially perhaps when they are from similar cultural and societal groups. If this is the case, 

it should be possible to identify these similarities if they do exist, and these similarities will 

relate specifically to the context in which they were experienced. Personal Construct 

Theory is described in greater detail in Chapter 6.0. 

In the conclusion of their 1998 paper, Vanclay et al. indicate that there is the potential for 

technical practices to reflect differences in styles, if we accept that “farm technical activity is 

cultural” (Vanclay et al. 1998, p. 103). The authors also pose the question of how then to 

“resolve the issues of how we deal with differences between individuals within a farming 

enterprise”, especially where farmers farm different commodities or farm several at the 

same time (mixed systems). Kelly’s personal construct theory is again useful at this point to 

suggest that we cannot necessarily try to create generalised worldviews since any shared or 

common worldviews (or constructs) are likely to have a limited context (range of 

convenience). In this way, Kelly’s theory would suggest that our investigations of farming 

styles would have to be quite specific to the farming system(s) involved. 
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2.5.8 Ten years of Farming Styles: Farming styles in 2006 

In 2006 Vanclay, Howden, Mesiti and Glyde published an article reviewing ten years of 

farming styles research within the Australian context (Vanclay et al. 2006). Their paper 

supports the conclusion of their 1998 paper by maintaining that farming styles are not 

concrete entities as proposed by van der Ploeg, but are more intellectual constructions than 

social construction. They continue to maintain also however that the concept of farming 

styles is useful, particularly as an heuristic, and present a new framework for understanding 

the concept. Their critique refers briefly to two new research projects conducted by 

students of Wageningen University in The Netherlands in order to support their 

conclusions. 

There has not been a great deal of fieldwork in the area of farming styles since the original 

research conducted by Vanclay and his postgraduate students in the 1990s. One exception is 

a study conducted in Australia by Boonstra (2000), a postgraduate of Wageningen 

University. According to Vanclay, Boonstra’s research reached the same conclusions as 

Vanclay et al.’s and supports the assertion that farming styles are better conceptualised as 

heuristics rather than as concrete entities that farmers can identify. In his 2006 review paper, 

Vanclay et al. also discuss the multidimensionality of farming styles, which they believe van 

der Ploeg has limited by his focus on only two dimension: intensification and extensification. 

Glyde and Vanclay (1996) found four styles relevant to grape growers, including 

professionalism, resource availability, wisdom and efficiency.  

Commandeur (2003), conducted a techno-sociological study into styles of pig farming in The 

Netherlands. Commandeur placed the farming styles she identified within the context of van 

der Ploeg’s and Roep and De Bruin’s differing representations of the dimensions of farming 

styles. Hence, her styles were contextualised within the context of Capacity, Technology 
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and Business (formerly markets under van der Ploeg); and Productivity, Intensity and Scale 

(Roep and De Bruin). Her study identified four dimensions to farming styles including: 

(a) Within the sphere of competition: evaluation was based in achievement, 
but 

• Entrepreneurs emphasised financial balance, while 

• Craftsmen emphasised production results. 

(b) Within the sphere of care: evaluation was based on needs, but 

• Inheritors emphasised family needs, while 

• Tenders emphasised the animals’ needs. 
(Commandeur 2003, p. 17) 

Commandeur found that she could represent the relationship between the dimensions in 

both a qualitative design, including Capacity, Technology and Business; and within a 

quantitative system, including Productivity, Intensity and Scale. These representations are 

depicted below in Figure 2.1. 

 
Figure 2.2. Commandeur’s Stylised presentation of styles of farming in the 

context of Technology and Business. 
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From Commandeur (2003, p. 18) 

Commandeur further broke farming styles down into two types of contrasts in farming 

practices, including processes and constructions. Commandeur defined these terms in the 

following way: 

Processes are factors of farming in which one can become involved. They can be 
influenced, led, guided, controlled, or even blocked. The division of tasks on a 
farm is considered a process, as well as farm succession and the social interaction 
in the region, and even a person’s thoughts. 

Constructions are factors that can be created, defined, specified, reconstructed or 
destroyed. Constructions can be material, like buildings or equipment. But 
management constructions for farm work or market network contacts are also 
constructions, and the definition and specification of farm indicators are also 
considerations. 

(Commandeur 2003, p. 19) 

Commandeur’s hypothesis for her study was based on the idea that “Styles of farming can be 

identified through a sociological analysis of contrasts in farming practices and perceptions 

about farming” (Commandeur 2003, p. 23). She was specifically focussed on showing that 

“the presentation of styles of farming in a space defined by Capacity, Technology and 

Business is interchangeable with their representation in a system defined by Productivity, 

Intensity and Scale “ (Commandeur 2003, p. 23). This hypothesis represents a test of the 

different dimensions of farming styles described by van der Ploeg (van der Ploeg 1994), and 

Roep and De Bruin (Roep & De Bruin 1994). 

Vanclay et al. criticise Commandeur for mixing the concept of styles as interchangeable with 

the dimensions of some of the components of farming styles. They maintain that this 

muddying of the terms and concepts restricts acknowledgement of the multi-dimensionality 

of farming styles, and that Commandeur’s dimensions do not represent the many social 

factors that also impact on agriculture. 
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2.5.9 Summary of Farming Styles 

As a result of their critique of farming style approaches in Australia and in The Netherlands, 

Vanclay et al. (Vanclay et al. 2006) dismiss van der Ploeg’s conceptualisation of farming styles 

and instead propose that there are five different levels of farming styles that can be 

conceptualised in the Australian concept. These include: 

1. Styles exist as a social construction at the level of a repertoire of 
mythologised hypothetical constructions (i.e. parables or scripts) about 
farmers that are promulgated in farmers’ (and extension officers’) talk; 

2. Styles exist as sets of strategies for farming (courses of action for survival) 
where a strategy refers to a set of practical guidelines and/or rationales for 
making decisions to deal with a particular situation (such as drought, flood, 
low prices, dealing with change etc); 

3. Styles exist as an individual construction at the level of ‘ideal type’ or 
perfect form of good farm management that is constructed in the minds of 
individual farmers as the ideal they seek to achieve – in other words, their 
goal; 

4. Styles exist as negotiated outcomes that derive from the need of farmers to 
compromise on the ideal farm or desired strategy they seek to implement 
because other people (such as a spouse, sibling, parent, child or off-farm 
financial shareholder) may have different notions from their own and 
because of the external and internal forces they must deal with; 

5. Styles exist as manifested in empirical farm practice which can be 
‘measured’ either by external assessment (etic) or by reference to farmers’ 
own assessments of the different types of farm practice (emic). 

(Vanclay et al. 2006, p. 73) 

Vanclay et al. conclude that “farming styles are not discrete, mutually exclusive entities, but 

rather general explanations that exist at varying levels” (Vanclay et al. 2006, p. 79). They 

further conclude that there is no need to further develop the concept because there is no 

way of creating an accurate classification system to accurately define farmers’ individual 

styles. In a final repudiation of the utility of farming styles to Australian extension Vanclay et 

al. state:  
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More important than the quest to classify farmers discretely is a general 
understanding of the existence of diversity, some understanding about how farm 
decisions are made and an awareness of the social legitimacy of different styles 
and their internal rationales. 

(Vanclay et al. 2006, p. 79) 

Hence, for Vanclay et al. at least the concept of farming styles appears to be dead. Whilst it 

is probably true that it is impossible to accurately describe every farmer using a general style 

portrait, I do not support the assertion made by Vanclay et al. (2006) that classification 

systems, whether defined within the context of social research or market segmentation, are 

useless for developing targeted extension strategies . Rather than totally abandoning the 

concept of farming styles, I would suggest, that what is more useful in this context, is the 

development of style indicators that reflect the various dimensions of a farmers’ existence 

and the factors that influence their decision-making, including indicators of cultural 

preferences, economic and production orientation (similar to Commandeur’s 

conceptualisation of farming style dimensions), management approach, risk perception, 

lifestyle goals and preferred farm practices. In addition, utility could also come from 

investigating farmers’ preferred learning style. 

What is perhaps called for is a re-adjustment of the way in which the idea of farming styles is 

used and what the components of farming styles include. This involves reconceptualizing 

farming styles more as typology of indicators that can act as a guide or aid in understanding 

farmer’s management approaches and decision-making. The concept needs to be broadened 

to explicitly address the issues of farm decision-making rather than just being a descriptive 

tool about how people manage. The use of farming styles indicators could be useful to allow 

extension and research bodies to develop broad producer profiles for various industries and 

regions, as well as the development of individual profiles within the context of small group 

or one-to-one extension (e.g. within some of the industry organised groups such as 

BestWool or Productive Pastures). The latter is particularly relevant within a framework of 
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privatised and increasingly commercialised (market-oriented) research and extension, where 

farmers are more likely and more frequently to be regarded as clients belonging to a 

particular market segment. 

2.6 Summary 

Traditional, top-down extension models based in Cartesian science are being replaced by 

more participative approaches that acknowledge non-scientific forms of knowledge and 

socio-cultural aspects of adoption. Much work on extension and adoption has focused on 

risk as per logical choice models of decision analysis (see Pannell and Hardaker et al.), and 

this research proposes that these models do not adequately capture the psychological, 

socio-cultural and learning factors influencing producer decision-making.  

This chapter has explored the issues relevant to extension and adoption of agricultural 

innovations. Chapter 3 will examine logical choice models of decision analysis and 

alternative, qualitative, approaches that can be used to investigate risk and uncertainty. 

Finally, an outline is provided of the theory selected for guiding the methodology of this 

research. 



Chapter 3 Integrated Management – Pests and 
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3.5.5 Integrated Parasite Management in sheep Project 

3.6 Summary 
 

3.1 Introduction 

In many parts of agriculture the use of chemicals for pest or parasite control has resulted in 

the resistance of many of these organisms to chemicals, rendering them less effective or 

completely ineffective. The issue has been most predominantly addressed in the cropping 

industries, where highly mobile pests can easily ravage a crop or entire cropping regions 

when not controlled by pesticides. The increasing regularity with which pesticides have failed 

and pests become uncontrolled, as well as the implications of high-cost products with 

potentially harmful environmental impacts, lead to the need for a different way to look at 

pest management, which did not solely rely on chemical management (Henneberry & 

Naranjo 1998; Manners 1979). From this recognition for a more holistic management 

approach arose the concept of integrated pest management (IPM). IPM is practised in such 

high profile industries as cotton, orchards and grain production. Within these industries, an 

IPM approach includes biological, chemical, genetic and cultural components (Henneberry & 
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Naranjo 1998). The latter refers specifically to the practices carried out by producers, as 

well as socio-economic factors affecting the use of particular techniques for pest control. 

The following Chapter will outline the evolution of IPM in the cropping and grazing 

industries and look at the similarities and differences between the use of an integrated 

approach in these industries. Further, it will seek to demonstrate the need for a specific and 

tailored approach for managing IPM extension in the Australian sheep grazing industry. 

3.2 Integrated Pest Management 

The concept of IPM is not new and its origins can be traced back to suggestions for boll 

weevil management made by USDA entomologists in 1923 and can even be said to pre-date 

the existence of chemical control (Flint & van den Bosch 1981). Widespread warnings about 

the potential consequences of a pest control policy reliant on chemicals were put forward as 

early as 1959 in the United States, and later the publication of Rachel Carson’s Silent Spring in 

1962 galvanised public concern about insecticide use in agriculture (Flint & van den Bosch 

1981; Koul & Cuperus 2007). Consequently, in the 1960s and 1970s the USDA, the National 

Science Foundation (USA) and the Environmental Protection Agency (USA) started 

programs to be more holistic in their approach to pest control by understanding specific 

cropping systems and “crop growth, pest impact, and cost-benefit relationships” (Flint & van 

den Bosch 1981, p. vi). As part of the push for a more holistic approach to pest management 

in the USA, President Carter defined IPM in his Environmental Message of 1979: 

“ IPM uses a system approach to reduce pest damage to tolerable levels through 
a variety of techniques, including natural predators and parasites, genetically 
resistant hosts, environmental modifications and, when necessary and 
appropriate, chemical pesticides. IPM strategies generally rely first upon biological 
defenses against pests before chemically altering the environment.”  

(in Flint & van den Bosch 1981, p. viii). 
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Definitions of integrated management are varied, as are the purposes for which it is used. 

From a cotton perspective, IPM has been described as ‘an area-wide management 

programme’ that is dependent on “a complete understanding of the pest biology and ecology 

and knowledge of how to integrate the wide array of available cultural, chemical and 

biologically based suppression tactics into an effective management system” (Henneberry & 

Naranjo 1998, p. 32). IPM has also been described as “a sustainable approach to managing 

pests (where) IPM practitioners base decisions on information that is collected systematically 

as they integrate economic, environmental and social goals” (CT State n.d.). Flint and van 

den Bosch (1981) describe IPM as: 

... an ecologically based pest control strategy (that) relies heavily on natural 
mortality factors such as natural enemies and weather and seeks out control 
tactics that disrupt these factors as little as possible. IPM uses pesticides, but only 
after systematic monitoring of pest populations and natural control factors 
indicates a need. 

(Flint & van den Bosch 1981) 

Flint and van den Bosch (1981) suggest that any IPM programme is comprised of six 

elements, including: 

1. People – system creators and the pest managers; 

2. Knowledge and information for the creation of the system and for making management 

decisions; 

3. A monitoring program for investigating the numbers and state of all parts of the 

subject ecosystem; 

4. Decision-making levels that trigger action; 

5. IPM methods, such as techniques for changing the pest population; and 
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6. IPM agent and materials or tools to be used for effecting change. 

Monitoring is a key component of any IPM programme, as agricultural systems are dynamic 

and changeable depending on a variety of factors, which may include weather, the economic 

climate and even which organism is considered the major pest at any one time.  

IPM has also been described by Dent (1995) and Smith et al (1976) as a programme that 

‘seeks to integrate multidisciplinary methodologies to develop pest management strategies 

that are practical, effective, economical and protective of both public health and the 

environment’. Dent (1995) maintains that IPM programmes are based on the academic 

disciplines of applied entomology, plant pathology, weed science and nematology on one 

level, and more deeply based on the principles of ecology, population genetics, socio-

economics and crop husbandry. In more recent years, other authors have suggested the 

need to move towards a version of IPM that does not include any chemicals called 

Ecologically based IPM (EBIPM) (Koul & Cuperus 2007). They suggest that the progress 

made in areas such as genetic engineering, breeding programmes, and the use and 

understanding of biocontrol tools, means that EBIPM is close to overcoming the barriers of 

commercialisation and mass dissemination that have previously hampered the more 

widespread substitution of biological control for chemicals. They also maintain, along with 

other authors on the subject, that IPM is essential to sustainability (CT State Unknown; Koul 

& Cuperus 2007).  

Broadly speaking, IPM is a multidisciplinary approach to pest management that seeks to 

account for many aspects of pest management, including economics, social and education 

aspects, environment health, and employs a systems approach dependent upon an 

understanding of the ecology or life-cycle of the pest species and non-pest species, as well as 
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constant monitoring in order to both understand the agricultural system in question and 

detect the trigger levels at which decisions to act need to be taken. 

3.3 Integrated Parasite Management 

3.3.1 Introduction 

Integrated management has been used most widely for the control of pest species affecting 

plant-based agricultural produce such as crops, orchards, greenhouse crops and forest 

products. Its use as a tool for the control of parasites in animals is more recent and more 

common for low stock numbers (about 100 animals in the herd). A literature search for 

integrated parasite management on standard, popular academic databases such as CAB 

(Agriculture), Emerald, Expanded Academic, Web of Knowledge and Wiley InterScience 

does not produce any results, indicating the lack of usage of the term. However, a general 

Google and Scholar Google browse of ‘integrated parasite management’ will return articles 

and information published by or the Small Consortium for Small Ruminant Parasite Control 

(SCSRPC) or the FAO. The SCSRPC has some valuable articles on IPM for sheep and goats, 

but its programmes are directed primarily at ‘hobby farmers’ with less than 100 animals 

(Burke and Miller, pers. Com. 2007).  

Despite the lack of literature using the direct label of integrated parasite management (some 

articles instead use integrated pest management), there is much research, particularly from 

about 1997 onwards, that relates to the growing incidence of anthelmintic resistance of 

livestock parasites and the need therefore for alternative methods of control, such as 

biological control and grazing management (Barger 1997; Barger 1999; Gray 1997; Larsen 

1999; Larsen et al. 1997; Sangster 1999; Thamsborg et al. 1999; Waller 1997a; Waller 1997b; 

Waller 1999). Another impetus for the growing research into alternatives to chemotherapy 

has been the increasing public desire for ‘clean’ and ‘green’ livestock products, such as meat 
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and wool and management styles with minimal environmental impact (Adams 2005; 

Armstrong et al. 2001; Robinson et al. 1998; Thamsborg et al. 1999; Waller 2003). Animal 

welfare issues have also become associated with the trend for consumers to be interested in 

the conditions under which agricultural commodities are produced, as agricultural systems, 

particularly in Europe, have started to see a reduction in production intensity and the 

introduction of more pasture grazing and organic farming. This in turn has resulted in some 

increases of uncontrolled parasitic infections as producers come to terms with new systems 

with lower chemical inputs (Thamsborg et al. 1999; Waller 2003). Some of the alternative 

IPM methods for parasite control and their viability for Australian, broad-acre livestock 

systems, are described below. 

3.3.2 FAMACHA© 

The main approach endorsed by the SCSRPC is the FAMACHA© program for detecting 

anaemia and therefore worm parasiticism in small ruminants (Kaplan 2004). FAMACHA© 

was developed in South Africa for small ruminant herds there, where the herd size is small 

compared to Australian commercial standards and the farming style is very labour intensive 

(Burke, Miller, van Wyk, Besier pers. Com 2007 (Bath & van Wyk 2001; Food and 

Agriculture Organization 2004; Kaplan 2004; Waller 2003). FAMACHA© involves the use of 

an anaemia eye chart by farmers. Practically speaking, this approach requires farmers to 

individually check the eyes of each sheep for signs of clinical anaemia and potential evidence 

of haemonchosis (Bath & van Wyk 2001; Kaplan 2004). Haemonchosis typically arises through 

parasitism by Haemonchus worm species, of which Barber’s Pole Worm (Haemonchus 

contortus), is one of the main internal worm parasites with the ability to kill younger sheep in 

particular if left untreated. Haemonchosis is diagnosed using clinical signs of anaemia, 

submandibular anaemia, weight loss, general poor condition and the occurrence of large 

numbers of H. contortus eggs being shed in faeces (Kaplan 2004). The anaemia chart provides 
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a guide for categorising each sheep within a category of potential anaemia ranging from 1-5. 

Farmers were initially advised to drench only those sheep falling in categories 4 and 5, but 

after trials in Africa, also included category 3 for drenching in that country (Bath & van Wyk 

2001). Animals that exhibit signs of haemonchosis are given leg bands and after three bands 

have been received, the animal is culled from the flock as a means of genetic selection (Love, 

S. 2007 pers. Comm.). The FAMACHA© technique is considered an excellent tool for 

detecting and helping to selectively drench or ‘Smart Drench’ sheep (or goats), and thereby 

hopefully reduce chemical resistance in worms due to less chemical usage (Burke 2006; 

Kaplan 2004; Schoenian 2003) and the maintenance of a refuge of parasites not exposed to 

the selective effects of anthelmintic treatment. However, the technique is not considered 

usable commercially in Australia, where flock sizes can reach up to tens of thousands and 

the labour and time required to visually check every animal for anaemia would be too 

onerous to make it a viable system (Burke; Besier and Kahn, pers. Com. 2007).  

3.3.3 Other SCSRPC Tools 

Aside, from FAMACHA©, other components included in the IPM program promoted by 

SCSRPC include targeted drenching, which involves drenching with the right drench at the 

right time (also known as deworming and Smart Drenching), animal nutrition, soil 

management and pasture management (Wells 1999). Other research being conducted into 

suggested parasite control tools by some of the organisation’s associated researchers include 

supplementary feeding with tannin-rich forages and copper oxide wire particles (Burke et al. 

2007); mixed species grazing (typically cattle and sheep/goats or resistant sheep species); 

graze browsing (goats) and supplemental feeding of high protein feed (Burke 2006; Burke et 

al. 2007). A biological control using a nematophagus fungus, Duddingtonia flagrans, is also 

being trialed (Love 2007), though this control is yet to be fully commercialized despite a long 

period of interest. 
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3.3.4 FAO and IPM 

The FAO refers to IPM as Integrated Pest Control (IPC) and lists its concern with IPC as 

stemming from two major reasons, including the ‘evolution of parasiticides resistance’ and 

‘consumer demands and the organic farming movement’ (FAO 2007). FAO does not 

associate livestock parasitic diseases with high rates of animal mortality, but acknowledges 

the impacts, particularly in poorer countries, on production, both direct and indirect by-

products, and therefore profitability of livestock operations. According to information on its 

animal health web pages, the FAO also views IPC as a sustainability issue and maintains “it is 

clear that control of parasitic diseases needs to move away from reliance on antiparasitic 

compounds to a more integrated and sustainable form of diagnosis, preventative measures 

and control” (FAO 2007). Along these lines, FAO suggests that “the false assumption that 

worm control is easy and could be accomplished only using drugs delayed the development 

of complementary strategies to control parasites” and states further, “it is essential to 

understand that parasite control will have to rely on combinations of strategies and not just 

chemical treatments” (FAO 2007). FAO published a report in 2001 titled ‘Sustainable 

approaches for managing haemonchus in sheep and goats’ in response to the growing 

problem with resistance (FAO 2001). 

FAO defines IPC as a program that ‘combines several means of control as a way to delay the 

establishment of parasite populations’ (FAO 2007). The non-chemical alternatives promoted 

by FAO include “grazing management, biological control, FAMACHA© and selection of 

resistant animals in combination with smart use of existing drugs” (FAO 2007). In order to 

further its agenda for alternative methods of parasite control, FAO established the Working 

Group on Parasite Resistance (WGPR) in 1997, which comprises a panel of experts who 

advise FAO on resistance issues and IPC, including current research into epidemiology and 

the diagnosis and control of parasites and resistance. Using the information from the WGPR 
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the FAO has established guidelines for diagnosis and control of parasites in livestock. The 

FAO also maintains contact with the pharmaceutical industry through the Industry Contact 

Group on Parasite Resistance and has established Regional Reference Laboratories in 

Mexico and Uruguay to help with training courses, extension material, regional research and 

discussion; as well as Electronic Regional Networks to help disseminate information (FAO 

2004; FAO 2007). Two electronic networks specific to Helminths have also been 

established, one in Latin America and the other in Africa (FAO 2004). 

FAO ‘Guidelines for resistance management and integrated parasite control in ruminants’ 

were released in 2004 (FAO 2004). These Guidelines include five modules, each dealing with 

a specific livestock parasite, including Ticks, Helminths, Flies, Mites and Lice. The modules 

describe resistance issues, such as current status of the parasite, diagnosis, detection, 

epidemiology, chemical treatment, non-chemical control, strategies under development, and 

resistance management and integrated control (FAO 2004). These Guidelines also describe 

the parasite problem on a global scale and specifically refer to the situation in Australia, 

stating: 

...there is a real risk that the dependency of Australian wool growers on drenching 
to control worms will become untenable within ten years, due to anthelmintic 
resistance. Consequently the cost of gastro-intestinal nematodes to the Australian 
wool industry, currently estimated at AUD220 million, could soar to AUD700 
million within the same time frame. 

(FAO 2004, p. 9). 

The executive summary of the Guidelines suggests that a 1994 study found that total losses 

to the sheep industry from nematodes, flies and lice was estimated at AUD552 million (FAO 

2004). In Australia, such figures have been viewed as ‘scare mongering’ (Kahn, L. pers. 

Comm., August 2007), and a report commissioned by the Meat and Livestock Association 

Ltd calculated that the highest likely cost of internal parasite to the Australian sheep industry 



- 60 - 

is about AUD369 million per annum (Sackett et al. 2006). This figure is expected to drop as 

sheep numbers in Australia also fall (Kahn, L. pers. Comm., August 2007). 

In short, FAO views IPC as a necessity for the livestock industry worldwide and actively 

denounces the reliance on chemical-only control, such as is currently practiced in countries 

like Australia with broad acre farming. The organization calls for better communication 

between farmers, industry and researchers in order to tackle increasing resistance problems 

and to more sustainably manage livestock enterprises using a variety of techniques based on 

an understanding of epidemiology, diagnosis and IPC (FAO 2004).  

3.4 Integrated Pest and Integrated Parasite Management: 
Similarities and differences 

As this chapter has shown, there are many similarities between integrated pest management 

and integrated parasite management. Fundamentally, both are approaches based on complex 

systems management, requiring an understanding of pest or parasite epidemiology, continual 

monitoring and the use of non-chemical alternatives, as well as some chemicals. Both require 

cultural adjustment in terms of the alternative tools and techniques that producers may be 

required to learn; evaluations of the profitability limits and an understanding and acceptance 

of pest/parasite resistance. However, there are also some characteristics of livestock and 

their parasites that make them different to crops and their associated pests.  

Most livestock parasites, and especially Helminths, are not of themselves highly mobile such 

as the pests (mostly insects) that affect cropping industries. The exception here is blowflies, 

which can be highly mobile. So while a pest issue may require an area-wide approach, much 

of parasite management is contained to individual farms and flocks, except where livestock 

are bought and sold, and in this situation quarantine management can be utilised. Hence, 

there is a transmission difference between most pests and parasites. This is not to say that 



- 61 - 

parasites are not a global problem, because they are, but the responses may be more 

individualised, especially in a country like Australia where many livestock enterprises are 

relatively self-contained and there is growing acknowledgement of the importance of 

quarantine issues and the need bio-security measure.  

Secondly, most parasite issues do not result in mass mortality of livestock (FAO 2004), 

unlike pests, which can decimate an entire crop. Hence, there is again an issue of scale of 

impact that differentiates between them. This is important as it impacts the potential 

treatment methods that may be used, and in particular the ability to use targeted chemical 

treatment only for animals affected by a particular parasite. This type of targeted treatment 

has further implications for managing resistance issues. 

Finally, and most obviously, parasite management involves the treatment of live animals. This 

is a major difference since treatment of livestock has animal health implications, animal ethics 

implications (Armstrong et al. 2001; Thamsborg et al. 1999) and issues stemming from 

people/animal relationship and other exogenous factors (McCorkle et al. 1996). The latter is 

particularly important for smaller farming operations where people are more likely to have 

stronger emotional, religious and cultural attachments to their animals. The impact of 

people-animal relationships has not been widely studied (For some examples however, see 

Ibrahim & Abdu 1996; Lawrence 1985; Lawrence 1996), however there is potential for this 

relationship to affect the willingness of farmers to use particular methods or techniques 

based on concern for animal welfare, or personal beliefs (McCorkle et al. 1996). In Australia 

at least, one example of this is mulesing, which while viewed as necessary by many farmers 

due to the effects of blowfly strike, is also acknowledged to be a painful technique that they 

do not enjoy carrying out (Thompson 2007). In terms of animal welfare, there are concerns 

both about the use of chemicals on animals and perhaps more importantly given the move to 

reduce chemical usage, the effects on livestock of not using chemicals. Because many 
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modern farmers are reliant on chemical solutions to parasite problems, they do not possess 

the knowledge and skills necessary to treat animals using non-chemical means. This has 

potential implications for farming systems moving to reduced chemical management styles 

(Thamsborg et al. 1999; Waller 1999; Waller 2003). Hence, the transition from chemically 

reliant management to chemically reduced management is perhaps more complex for the 

livestock industry given the animal welfare issues involved. 

3.5 Integrated Parasite Management in the Australian Sheep 
Industry 

In 1995 McLeod (1995) estimated that the annual cost of internal and external parasites was 

about AUD550 million, this was expected to increase to around AUD one billion as 

resistance to the latest class of anthelmintic controls, the macrocyclic lactones, increased 

(Watson 1998). A more recent report prepared for MLA, (Sackett et al. 2006) which is 

based on economic modeling of the cost of external and internal parasite for both sheep and 

cattle, has found the highest likely costs of internal parasite in the sheep industry to be only 

about AUD369 million. Whilst the economic costs according to this latest report are not as 

high as first estimated by McLeod, they are also not the only considerations in determining 

the threat to the industry posed by parasites, and internal parasite, such as worms, in 

particular. 

With the heavy reliance of the Australian sheep industry on chemicals to control ecto- and 

endo-parasites, there are three major threats to the industry that have been noted (Kahn & 

Walkden-Brown 2003), including: 

1. the continued development of resistance, particularly in worms and blowflies; 

2. concern about chemical residues in wool; and 
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3. occupational health and safety concerns linked to chemical use for parasite control. 

Other concerns relating to pesticide use in the sheep industry include the impact on the 

environment of wool scour effluent containing pesticides; impact on the trading of Australian 

wool and market image, public health risks associated with pesticides found in wool grease 

and animal welfare issues (Adams 2005; Armstrong et al. 2001; Robinson et al. 1998; Waller 

2003; Waller 2006). 

There has been some work in Australia on devising comprehensive alternative management 

approaches to parasite management. As stated earlier in this chapter at 3.2(???), much of the 

work related to parasite management has tended to be piecemeal (McLeish et al. 2001), and 

focused on potential, individual control options, such as grazing management, pasture 

management, biological control, genetic resistance and supplementary feeding.  

There are currently four major programs in Australia tackling the chemical resistance and 

chemical residue issues related to sheep parasite management. Several government websites 

for agriculture and primary industries also address the issue of resistance and residues 

without necessarily endorsing an IPM approach. A description of the programs and other 

relevant state government approaches are provided below. 

3.5.1 Sheep CRC 

The first of the major projects investigating IPM strategies is the Sheep CRC, a joint venture 

between Australia’s leading sheep research, education and commercial organizations 

supported under the Australian Government’s Cooperative Research Centre’s Program. 

The Sheep CRC has a parasite management program that is “coordinating its national 

research and communication efforts on parasite management, particularly how to achieve 

effective and efficient parasite control while ensuring long-term sustainability and consumer 
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acceptance” (Besier 2004). The Sheep CRC, which commenced in 2002, recognizes that 

important challenges to the sheep industry include “resistance to anthelmintics and 

insecticides, chemical residues in sheep produce, and the need for ethical production 

practices.” A � sub-program of the Parasite Management project “will focus on two major 

parasite management themes: minimum-chemical approaches and individual sheep 

assessment and treatment” (Besier 2004). � 

Together with Australian Wool Innovation Ltd (AWI), the Sheep CRC has created an IPM-

based management tool called WormBoss. According to the WormBoss website, the 

program represents “the national knowledge on sheep worms and their management” 

(SheepCRC & AWILtd 2007). It is based on the information provided by professionals in the 

field from each of the regions covered. WormBoss recommendations hinge on several key 

features of management including: 

• worm egg count monitoring regularly; 

• drench resistance testing 

• maximisation of non-chemical management strategies; and 

• use of professional advice where doubts arise in management. 

Some of the benefits to a non-chemical approach promoted by WormBoss include: 

• reduced labour and drench costs; 

• reduced onset of drench resistance; and 

• increased animal productivity. 
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The WormBoss program allows producers to get an online report based on answers to 

several questions asked by ‘The Boss.’ These questions relate to the Location of the 

property (State and region), the class of sheep involved (a new process is required for each 

class); the status of the property’s drench resistant data and the worm egg count level in epg 

(eggs per gram). The final step produces a report for the producer to print out (though its 

not very printer friendly) that includes a summary of resistance issues in the region; the 

major parasites in the region; the recommended program for the area; general information 

about the class of sheep selected; the implications of the worm egg count and the applicable 

treatment options. Results vary depending on the region within which the producer is 

located. A caveat with the WormBoss program lies in its very general recommendations, 

which cater primarily for obviously high or low FEC-test results. No real advice is available 

for those results falling in between these extremes (Kahn, L., pers. Comm. August 2007). 

Notwithstanding this, the program is very easy to use, though the output could have better 

formatting and an option for printing would produce better printing results. 

The WormBoss website also provides producers with up-to-date worm updates for each 

state; advisor profiles and other worm ‘news’. It appears to be a wonderful resource for 

those with internet access. 
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3.5.2 Department of Primary Industries, Queensland 

The second program is coordinated by the Department of Primary Industries, Queensland. 

This program relates only to ecto-parasites (blowflies and lice) (Armstrong et al. 2001). A 

manual produced by the Department of Primary Industries indicates that as early as 1995, 

recognition of the problems of ‘ectoparasites’ and ‘residues on wool’ led to the formation in 

Queensland of the Wool Industry Chemical Residue Committee (WICRC). WICRC 

members include government, industry representatives and producer representatives, and is 

administered by the Department of Primary Industries, Queensland. Research in 1998 

conducted by WICRC found that although producers viewed the need to reduce pesticide 

use favourably, there were issues related to the practicalities of on-farm management, and 

the existence of conflicting and ‘poorly-targeted’ information that prevented this reliance 

being reduced (Armstrong et al. 2001). The manual produced by the DPI Queensland, 

represents an attempt to provide a well-tailored, user-friendly and consistent message about 

the control of blowflies and lice using integrated parasite management methods that aim to 

minimise pesticides. 

QLD DPI also has a website for sheep that features a service called ‘WormBuster’ (DPI 

Queensland 2006b). This is a testing service and a resource for information about drench 

resistance, the worm lifecycle and some alternative management strategies, such as Smart 

grazing and genetic resistance. The Research and Development page of the QLD DPI 

website also indicates that the service is investigating biological controls, specifically naturally 

occurring fungi, such as Metarhyzium and Beauveria, for the control of sheep blowfly and 

body louse. This is represented as an IPM approach designed to reduce reliance on 

chemicals (DPI Queensland 2006a).  
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3.5.3 New South Wales Department of Primary Industries 

The Department of Primary Industries in New South Wales (NSW) has an extensive array 

of programs for internal parasite management designed by region. These include: 

• DrenchPlan; 

• WormKill; 

• WestWorm; and 

• FarWestWorm. 

 

 
Figure 3.1. A map of NSW showing the regions covered by each worm 

management program.  
From NSW Department of Primary Industries/Agriculture (2007). 

The regions are based on the Boundaries of Rural Lands Protection Boards and only include 

areas where commercial production is carried out (NSW Department of Primary Industries 

website, 2007). 

According to the NSW DPI, each of the programs listed above 
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“...is based on integrated worm management, relying not just on drenches, but 
also nutrition, grazing management to produce low-worm risk pastures, breeding 
resistant sheep, and other factors” 

(Love 2005).  

The DrenchPlan program for example promotes the use of two summer drenches, except in 

certain conditions, such as drought, and suggests additional drenches that may be required, 

for instance pre-lambing and weaning. An important part of the program for young sheep is 

early weaning at 12-14 weeks, which is designed to ensure lambs and mothers are not 

competing for nutrition and thereby becoming susceptible to worms. WormTests are 

recommended before any drenches are given and an example DrenchPlan is provided for 

producers to ‘fine tune’ to their own situation (Love 2005). The DrenchPlan fact sheet also 

details worm biology for producers, including a diagram for ease of visualisation, and a 

description of IPM is also provided, which promotes the use of a drench efficacy test in 

order to determine the status of all major drenches on producers’ properties. Methods 

falling under the IPM section include (Love 2005): 

• drench efficacy testing; 

• grazing management and ‘low-worm risk pastures’; 

• immunity to worms; 

• WormTest monitoring; 

• nutrition and immunity; 

• parasite resistant sheep; 

• flock management; 
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• professional advice for fine-tuning DrenchPlan. 

The Fact sheet further details the issue of drench resistance and how different drench 

categories work. A comprehensive list of drenches and tests available are also provided.  

Whilst the NSW DPI has extensive information available, there is very little in-person 

training provided to producers about how to implement the plans on-farm. Group seminars 

are sometimes run in conjunction with other organizations, such as CSIRO, where a DPI 

officer may give a seminar about worm management issues, however these are far from 

being forums for learning how to implement and adjust the programs for actual use (Stephen 

Love, Pers. Comm. 2007).  

3.5.4 Other State Departments of Agriculture 

The idea of IPM is also supported by the Western Australian Department of Agriculture, 

though this organisation seems to avoid the use of the label. However, the Department 

comments on its Animal Health website: 

The effective and sustainable control of sheep worms involves a combination of 
planned stock and farm management, monitoring worm burdens using faecal 
worm egg counts, the strategic timing of drenches and the genetic selection of 
worm resistant sheep. 

(DA Western Australia 2007) 

This effectively amounts to a definition of IPM. Much of the literature available on the web 

site for worm control in particular is geared towards genetics and monitoring methods of 

management, such as breeding worm resistant sheep and monitoring using faecal worm egg 

counts. The section on lice and blowflies further deals with producing low residue wool, 

which is an implicit adoption of the IPM concept, though again avoiding the adoption of a 

complete IPM approach. 
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The Victorian State government makes no reference to IPM on its web site and there are no 

Information Notes related to worm control (see www.dpi.vic.gov.au). Tasmania  provides a 

section on Internal Parasites in Sheep, and although Haemonchus contortus is only 

considered a minor, localised problem, the web site provides general principles of worm 

control. These principles include four major components, including drenching, grazing 

management, nutrition and breeding worm resistant sheep (www.dpiw.tas.gov.au/weeds). 

The web site also acknowledges the increase of resistance as a major problem, and advises 

that “sheep owners take a long-term ‘integrated’ approach to worm control” 

(www.dpiw.tas.gov.au/weeds). Further, more detailed information about drench resistance 

and how to delay it are also provided, including the use of drenching as part of an overall 

management program comprised of the four major component listed earlier. 

In South Australia the Department of Primary Industries and Resources (PIRSA), does not 

provide any information relating to worm control or IPM. The PIRSA 10-year Plan 

(GovernmentofSouthAustralia 2004), is by its own admission ‘market driven’ and does not 

mention challenges relating to chemical resistance or residues, despite indicating that 

markets are becoming ‘greener’. The lack of focus is potentially due to the low priority of 

the sheep meat and wool industry, with much agriculture in the state focussed on mixed 

enterprises, including cropping. Specialist lamb producers are in the minority and only 16% 

of producers derive around 40% of their income from prime lamb production 

(GovernmentofSouthAustralia 2004). There is no sheep production in the Northern 

Territory. 

The fourth major initiative in Australia for IPM is a project researching the use of integrated 

parasite management on wool producing farms was commenced in 2003. The project is 

managed through the University of New England School of Environment and Rural Science 

and is funded by Australia’s wool industry R&D Corporation, Australian Wool Innovation 
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Pty Ltd. The project is aimed at bringing together the piecemeal suggestions for pesticide 

reduction in order to investigate how a more holistic program can be managed by Australian 

commercial wool producers. 

3.5.5 Integrated Parasite Management in sheep Project 

The Integrated Parasite Management-sheep (IPM-s) project was commissioned to develop 

regional integrated parasite management programs that will: 

1. Have been demonstrated to be effective on approximately 21 properties across 

the country. 

2. Reduce the number of chemical treatments for endoparasites by 1-2 drenches. 

3. Significantly slow the development of endo- and ectoparasiticide resistance. 

4. Provide a clearly defined management protocol to deliver sheep meat and wool 

with residue levels below industry agreed standards. 

5. Increase the amount of wool and meat able to be marketed under ecologically 

certified labels and/or meet overseas environmental standards. 

6. Remove sheep parasite control barriers for producers wanting to become 

accredited for organic production. 

The stated outcomes of the project with regards to the type of programs developed are 

listed below as:  

1. the demonstration of program effectiveness across some 21 demonstration farms 

around Australia; 

2. programs that reduce the number of annual drenches for endoparasites by 1-2 

drenches; 
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3. a significant slowing of resistance in endo- and ectoparasites; 

4. the creation of management protocols that result in sheep meat and wool with 

residue levels below the maximum levels currently allowable in the industry; 

5. an increase in the amount of wool and meat marketable under ecologically certified 

labels or to meet international standards; and 

6. a reduction in the barriers for producers wishing to attain organic status. 

Of the six initial outcomes noted, the last three were later abandoned as it became obvious 

that more work was necessary to define the correct protocols for integrated management.  

The IPM-s project, which is the most comprehensive project of its kind in Australia in the 

parasite control field, comprises four main programs. These are listed below. 

1. Demonstration Farms in each of the four regions involved in the project, including 

Southern Queensland, Northern Tablelands of New South Wales, Southern NSW and 

Victoria, and Western Australia. 

2. Critical research, including research into the ecology of parasite species, potential of 

alternatives for areas with a Mediterranean climate, investigating the potential of 

organic parasiticides for endo- and ecto-parasite control. 

3. Socio-economic surveys and interviews designed to investigate key regional 

performance indicators and the identification of barriers to the adoption of an IPM 

program in the sheep industry. 
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4. Technology transfer. This component was later removed by AWI, however numerous 

field days and workshops were held during the course of the project, with attendance 

estimated at about 3,000 people in total (Kahn, L., pers. Comm., August 2007). 

This thesis forms the basis of Program 3: Socio-economic surveys and interviews. The first 

three years of this project have now been completed and IPM-s is currently entering a 

second phase that will focus on the extension component of the project. 

3.6 Summary 

This chapter has broadly outlined the history of integrated pest and parasite management in 

Australia and overseas. It has examined the broader, global concerns about parasite 

management and issues of increasing chemical resistance. Similarities and differences 

between integrated pest management (primarily for horticultural crops) and integrated 

parasite management (for livestock). Whilst there are similarities in the components of IPM 

approach required to reduce chemically-reliant management, there are key differences in the 

mobility of pests and parasites, and also in the issues related to animal health and ethics, that 

have impact on the horticulture and livestock industries. 

While much work has been carried out to investigate the issue of parasitic (and pest) 

resistance to chemicals, particular in the livestock industries, very little research has been 

carried out to develop integrated parasite management programs. This is particularly true 

for Australian sheep, a factor influenced by the broadacre style of farming carried out in this 

country. Many of the IPM approaches developed in other countries, such as FAMACHA© are 

labour intensive, and not considered suitable for the large-scale flock systems in Australia. 

Also detailed in this chapter were the various approaches to sheep parasite management 

being promoted by the departments of agriculture in each State of Australia. It was found 

that while many of the State web sites referred to the potential need for less chemically-
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reliant parasite management systems, many refrained from specifically referring to, or 

endorsing, an integrated management approach. New South Wales (NSW) appears to have 

the most comprehensive worm management program, with worm management plans based 

on the four different sheep production regions available to producers.  

The IPM-s project represents the first major effort in Australia to develop IPM programs for 

the main sheep-production regions of Australia. It is a nationwide project involving research 

teams and demonstration farms from NSW, Victoria, Queensland and Western Australia. 

The project is also multidisciplinary, and is attempting to not only investigate the scientific 

and practical aspects of integrated management programs for sheep parasite control, but has 

also undertaken to investigate socio-economic components. This dissertation forms part of 

the socio-economic program of the broader IPM-s Project. This chapter and Chapter 2 have 

examined the extension and adoption context of this dissertation, as well as the scientific 

and farming milieu within which the IPM-s project is situated. Chapter 4 will outline the 

decision-making framework typically applied to investigating the socio-economic aspects of 

agricultural programs, and outline the theoretical approach adopted for this research. 



Chapter 4 Risk and uncertainty in Agricultural 
decision-making 

4.1 Introduction 

4.1.1 Chapter Outline 

4.2 A Brief Overview of the Theoretical Framework of Risk and Uncertainty 

4.2.1 A Taxonomy of Ignorance 

4.2.2 Defining Risk and Uncertainty: A Broad Economic Perspective 

4.3 Risk in Agriculture – Decision Analysis 

4.3.1 Anderson, Hardaker et al. 

4.3.2 Decision analysis and complexity 

4.3.3 Pannell et al.: Unpacking the ‘black box’ of decision analysis 

4.4 The Sociology of Risk - Risk Perception 

4.4.1 The Risk Society: Foundations for a socio-cultural approach to risk 

4.4.2 Tversky and Kahneman: A critique of logical Choice Theories 

4.4.3 Slovic and risk perception 

4.4.4 Risk Perceptions and Social Representation Theory: Joffe 

4.4.5 Risk Perception and Kelly’s Personal Construct Theory 

4.5 Overview of basic Personal Construct Theory 

4.5.1 A note about on-farm decision making and the study of individuals 

4.6 Summary 
 

4.1 Introduction 

The adoption of agricultural innovations is, for farmers, primarily about decision-making. The 

importance of each decision differs for each different innovation presented, whether this 

involves a new product, a new method or new information (knowledge). Some decisions will 

be quick, whilst others will require a large amount of analysis – particularly where this 

involves the implementation of a new approach to some aspect of farm management. 

Integrated parasite management (IPM), a complex solution requiring the implementation of 

several new management approaches and new knowledge, is an approach that is likely to 

require a major decision, and a series of smaller ones.  
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One of the large decisions will be to accept the idea of IPM and to commit to implementing 

such an approach. This entails accepting that chemicals, a single solution, cannot be used 

indefinitely to manage parasite – and in the context of this study, worms in particular. Such a 

decision is a challenge to many sheep producer’s current management approach, and 

subsequently, their current self-identity. Typically, a farmer’s management approach is likely 

to reflect to some extent how they perceive themselves as a farmer, and reflect their 

personal and professional goals. Once the decision to commit to an IPM system is taken, the 

adoption and implementation of the various management tools that can be used, are likely to 

involve a series of further decisions, which will challenge to smaller and larger extents the 

producer’s current management approach, knowledge base and again, self-identity.  

The analysis of farmer decision-making can be approached in various ways. In the context of 

Australian agriculture, the preferred approach, by academics in particular, has been the use 

of decision analysis (Anderson et al. 1977;  Hardaker et al. 2004). Decision analysis is a 

quantitative, logical choice model that focuses on eliciting risk probabilities and calculating 

subjective expected utility values for farmers using a formalised decision-tree process for 

choosing the right decision for the farmer. There are however more qualitative approaches 

available which seek to explore the cognitive and socio-cultural factors affecting choices. In 

the context of agricultural adoption, this has involved the use of a combination of 

constructivist psychological approaches and decision hierarchy models (Abel et al. 1998; 

Gladwin 1979; Gladwin 1980; Murray-Prior 1994; Salmon 1980; Salmon et al. 1973).  

Typically, what tends to be common to most approaches to examining how people 

(including producers) make decisions, is how people calculate, perceive and respond to risk 

and uncertainty. The purpose of this chapter is to detail several of the main approaches to 

decision-making and to examine their current or potential relevance and utility within the 
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context of the adoption of integrated parasite management practices by Australian sheep 

farmers. 

4.1.1 Chapter Outline 

Definitions of risk vary both between academic disciplines and between individuals. For 

instance, economists focus on risk within the context of business and markets, with 

particular regard to wealth production and the use of utility theory. Psychologists and social 

scientists on the other hand tend to focus on the more negative aspects of risk in the 

context of the health and safety dangers posed by technologies, viruses, medical practices 

and so forth. This chapter will provide an overview of how risk has been defined and 

analysed within the context of agriculture, and outline how risk will be defined for the 

purposes of this dissertation.  

It is proposed that current agricultural decision analysis, and in particular the focus on 

calculating subjective expected utility and risk probability within the decision-making context, 

does not meet the needs of the more informal and qualitative approaches many farmers 

bring to decision-making (as indicated also by Gladwin 1979; Gladwin 1980; Murray-Prior 

1994; Wright 1983). An attempt is made to highlight why greater attention needs to be paid 

to eliciting the cognitive and socio-cultural influences on individual decision-making in the 

context of agricultural extension, rather than just placing them into an unexplored ‘black 

box’ that exists as part of the logical choice models.  

This chapter will first examine the broader theoretical foundations of risk and uncertainty 

and go on to detail the current prevalent logical choice, decision analysis approach to risk in 

agriculture based on research by Anderson and Hardaker (Anderson et al. 1977; Hardaker et 

al. 2004), the leading authors on this topic in Australia. The examination of Anderson and 

Hardaker’s logical choice model will be followed by a critique and outline of qualitative 
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approaches to examining risk perception and decision-making. This will include three 

different approaches, including Tversky and Kahneman’s Prospect Theory, Slovic’s risk 

perception framework, and the Social Representations approach of Joffe. Finally, personal 

construct theory will be outlined and critiqued with reasons detailed for its choice as the 

methodological approach selected for this study. The chapter will seek to outline reasons as 

to why logical choice models are perhaps not the best decision-making approach for farmers 

in the context of integrated parasite management for sheep, and further detail why more 

qualitative approaches could be more effective in the context of IPM extension and 

adoption. 

4.2 A Brief Overview of the Theoretical Framework of Risk and 
Uncertainty 

4.2.1 A Taxonomy of Ignorance 

When looking at definitions of risk it is interesting to examine the broader philosophical and 

historical framework within which the concept of risk is situated. Smithson (1989, p. 11), a 

mathematician, has reviewed the history and current development of research into 

ignorance and theories of knowing, and has created a taxonomy that attempts to distinguish 

between different orders and types of ignorance. This taxonomy is reproduced in Figure 2.1. 

Smithson’s goal in doing this was to explore the importance of ignorance rather than just 

focussing on knowledge. He was attempting to dispel the idea that ignorance is necessarily a 

‘bad’ or abnormal state, when in fact it is quite common. 

Whilst risk itself is not directly represented in Smithson’s taxonomy, it falls under the 

contexts of ‘Uncertainty” and ‘Probability’. Risk is closely linked to uncertainty and is 

typically calculated using probability theory. Smithson (1989) views risk assessment as the 

task of ‘applying probability concepts to the assessment of uncertainty in complex systems.’ 

He indicates however that there is an ongoing debate as to whether probability theory is the 
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best way to represent uncertainty, especially the application of relative frequentist 

probability, which requires a large amount of empirical data. He maintains that most risk 

assessment has come from the Relative Frequentist and Logical schools of probability theory, 

with an emphasis placed on the use of utilities, loss functions, welfare functions, and other 

similar measures that provide quantitative results. 

 

Figure 2.1 Taxonomy of Ignorance (From Smithson 1989) 

Overall, Smithson asserts that both the logical and relative frequentist approaches are 

suitable mainly to simple problems with ‘either deterministic or highly predictable linkages 

among components’ and that they are unable to deal effectively with ‘unforseen outcomes’, 

which are subsequently either placed in the ‘too hard basket’ or deemed irrelevant 

(Smithson 1989). Smithson predicts a move to more subjective types of risk assessment for 

complex issues involving uncertainty. Smithson’s taxonomy of risk is important, as it suggests 
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that the types of risk assessment used for more complex issues, such as sustainability for 

example, are inadequate. The idea of objectivity is questioned and the inclusion of 

subjectivity (possibly including socio-cultural factors) is indicated as being the direction 

future risk analyses should take. This is an aspect that is explored in this thesis.  

4.2.2 Defining Risk and Uncertainty: A Broad Economic Perspective 

Risk and uncertainty have typically been used in the field of economics to explore business 

risk. Frequently however, the role of uncertainty has been dismissed because to 

acknowledge it would render economics a futile discipline. Nobel Laureate Robert Lucus 

apparently stated for example: ‘In cases of uncertainty, economic reasoning will be of no 

value’ (Lucas 1981 p. 244 in Hodgson 2004). This was a view also shared by Kenneth Arrow, 

who argued that no economic theory can be formulated in the case of uncertainty if 

probability calculus is seen as failing to reflect ‘the tentative, creative nature of the mind in 

the face of the unknown’ (Arrow 1951, p. 417). Arrow (1958) believed that not all 

uncertainties could be reduced to probabilities but also indicated that he thought statistical 

methods, such as statistical inference, could be used to represent the ‘knowledge-seeking 

propensities of human beings’ (Arrow 1951, p. 417). Arrow defined statistics as being 

‘concerned with the making of decisions, in the face of uncertainty, from information’ 

(Arrow 1958, p. 4). 

According to Aven (2003), who has attempted to produce a systematic and historical review 

of risk, a distinction has typically been made in economics between certainty, risk and 

uncertainty. This distinction is based on the availability of information, with certainty 

assumed where the outcome of a performance measure is known. Risk and uncertainty exist 

however if there is more than one possible outcome for performance measures and these 

outcomes are unknown. Risk typically involves assigning ‘objective probabilities’ (e.g. all 

possible outcomes have the same probability of occurring; or empirical data is used as an 
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estimate); while uncertainty involves the use of ‘subjective probabilities’ (or measures of 

uncertainty) which express degrees of belief (Aven 2003). Arrow, commenting on the 

normative nature of utility maximization theory and associated probabilities, states that the 

idea is somewhat flawed, because: ‘we do not have a universally valid criterion for rational 

behaviour under uncertainty. Probably the best thing to be said is that different criteria are 

valid under different circumstances’ (Arrow 1958, p. 12). He indicates that learning is 

probably ‘one of the most important forms of behaviour under uncertainty’ (Arrow 1958, p. 

12), which supports the idea of a sequential and adaptive model of decision-making. This is a 

timely point at which to suggest that uncertainty is probably the aspect of decision-making 

most important to producers, and especially relevant to the way in which adult education 

and learning can be seen to be of great importance to agricultural extension. Furthermore, it 

supports Smithson’s assertion that the use of risk analysis for complex problems is not 

necessarily an effective or appropriate approach (Smithson 1989). The next section will 

examine the field of agricultural economics. 

4.3 Risk in Agriculture – Decision Analysis 

4.3.1 Anderson, Hardaker et al. 

Hardaker et al. (2004) suggest that whilst risk has been an aspect of agriculture for many 

years, the area has not been adequately studied and its associated techniques of agricultural 

decision analysis have not been practically applied. This is especially the case in the context 

of providing producers with tools they can use to make their own risk-related business and 

production decisions. Rather than referring to the study of risk and uncertainty as risk 

analysis or assessment, Hardaker et al. suggest that a more representative term within the 

agricultural context is ‘decision analysis’. Decision analysis comprises a set of methods “to 

try to rationalize and assist choice in an uncertain world” (Hardaker et al. 2004, p. 23). 
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As noted by Aven (2003) in an exposé on the history of risk assessment, different definitions 

of risk and uncertainty are often utilised by different disciplines and within different contexts. 

Within the context of agriculture, Hardaker et al. (2004) define uncertainty as imperfect 

knowledge; while risk is defined as uncertain consequences (i.e. imperfect knowledge about 

the consequences), with a particular focus on exposure to unfavourable consequences. 

Hardaker et al. further state that while a statement of uncertainty can be value-free, a 

statement of risk cannot.  

Hardaker et al. (2004), identify several sources and types of risk as being relevant to 

agricultural businesses including: 

• production risk; 

• price or market risk; 

• institutional risk, which includes political, sovereign and relationship risk; 

• human or personal risk; 

• business risk (defined as the aggregate effect of the other four types of risk above); and 

• financial risk (how the farm business is financed). 

The decision to adopt a new or different practice or technology would fall broadly under the 

category of business risk due to the many aspects for consideration that combine to 

influence this type of decision. 

An important aspect of decision analysis identified by Hardaker et al. (2004) is risk aversion. 

Farmers have long been labelled as risk averse, and Hardaker et al. broaden this idea to 

suggest that it is not just farmers, but most people who are risk averse – since most people 

are willing to reduce risk in return for forgoing some expected return as part of their 

decision making. These authors further state that risk aversion ‘can be thought of as a type 
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of friction, preventing the efficient allocation of farm resources’ (Hardaker et al. 2004, p. 11). 

Specifically, Hardaker et al. suggest that this friction may affect the uptake of new 

technologies. They suggest that risk aversion has a wider social impact when it affects prices 

or the ability to adjust in shifting markets and propose that concern for the role of risk in 

agriculture needs to extend beyond farmers to include also:  

• farm advisers; 

• commercial firms selling to or buying from farmers; 

• agricultural research workers; and 

• policy makers and planners. 

Hardaker et al. detail many areas in which prescriptive decision analysis, such as they 

advocate, has been useful, and this includes as ‘a behavioural theory to explore, for example, 

lags in adoption of new farming technologies or likely responses of farmers to risk reducing 

measures’ (Hardaker et al. 2004, p. 95). Hence, Hardaker et al. seem to be suggesting that 

not only is decision analysis a formal process for aiding with decision-making, it also has 

utility to understanding and, by implication, affecting the adoption of new innovations. It is 

particularly the latter claim for the potential of decision analysis with respect to agricultural 

adoption that allows a critique of decision analysis within the extension and adoption 

context. 

Hardaker et al. (Anderson et al. 1977; Hardaker et al. 2004) also suggest that the risks 

relating to innovations, particularly new technology, should be explicitly recognised and that 

this recognition could lead researchers to ‘identify different research problems, or to 

address the problems they do identify in different, more complete ways’ (Hardaker et al. 

2004, p. 13). The implication of these authors is that decision analysis has potential for 

impacting on adoption, which extends its utility as simply a decision-making aid. Hardaker et 
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al. (2004) further indicate that it is not just researchers who should explicitly acknowledge 

the risks of new innovations, but that policy makers and planners should also account for 

risk averse behaviour and risk perceptions (attitudes to risk) when setting policies and 

programmes which directly affect the riskiness of farming. They suggest ways in which the 

acknowledgement of risk might be implemented for extension purposes: 

Advisers may be able to speed the adoption process by supplying relevant 
technical and economic information, arranging field demonstrations, organising 
visits to other farms where the technology is in use, and so on. More generally, it 
may be possible to present information and advice in ways that better portray the 
risks involved and that permit a farmer to decide more easily which choices best 
suit his or her particular circumstances and risk-bearing capacity. 

(Hardaker et al. 2004, p. 12). 

This is again a clear indication that decision analysis is considered a potential extension tool 

– a claim that requires careful consideration. 

4.3.1.1 THE DECISION ANALYSIS PROCESS 

Risk management (the predecessor of decision analysis), according to Hardaker et al. (2004) 

is ‘the systematic application of management policies, procedures and practices to the tasks 

of identifying, analysing, assessing, treating and monitoring risk.’ The authors maintain that 

risk management should be an adaptive process that is integrated into every aspect of the 

decision-making process and outline a process of steps for achieving this (Figure 4.1).  
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Figure 4.1. Steps in risk management. 

From Hardaker et al. (2004, p. 24)) 

A process such as the above (and a more detailed structure based on decision analysis that 

also includes assessing the beliefs and preferences of the decision-maker) is without doubt 

valuable to any person attempting to make a major decision. However it appears to be based 

on several assumptions, including: 

• in this context, that farmers in fact should, or would want, to employ; or are capable 

of employing, a formal, quantitative decision-making process; and  

• that subjective expected utility (SEU) values and risk probabilities for all factors and 

perceptions affecting decision-making can be calculated – and that these truly reflect a 

farmer’s worldview to the extent that they are actually meaningfully used by the 

farmer in adoption decisions.  

The validity of these assumptions is questionable.  



- 86 - 

In relation to the first assumption related to farmers’ use of formalised decision-making tools 

or other similar formalised processes, Jones (1970) for instance has suggested that farmers 

can be likened to craftsmen, such as wheelwrights, who tend to employ intuitive, collectively 

held knowledge in their decision-making processes for the creation of new innovations. 

Jones (1970) as described by Salmon (Salmon 1980)  suggests four features of craft evolution 

that could also be applied to the evolution of farming practices given the timeless and hands-

on nature of this occupation. These features include: 

1. Craftsmen often cannot give adequate reasons for the decisions they 
take. 

2. The form of a craft product is modified by countless failures and 
successes in a process of trial and error over many centuries. The result is 
usually a well balanced one providing a close fit to the needs of the user. 

3. Craft evolution can produce discordant features. This suggests that the 
process of evolution has not yet assimilated the sudden changes in 
demand of the product. 

4. The cumulative store of the essential information generated by craft 
evolution is firstly in the form of the product itself. 

(Salmon 1980, p. 23) 

Salmon supports the assertion that farmers could be likened to craftsmen according to the 

above four points, and details research from the University of Melbourne’s Agricultural 

Extension Research Unit showing farmers’ preference for learning from their own or other’s 

experience, and for a tendency to be wary of the advice of professionals. It is Salmon’s 

contention that the decisions made by farmers (whether or not for the creation of new 

practices or products) tend to be intuitive and based on experience. Hence any new 

innovation presented to them will be judged based on the ways in which it matches current 

or previous experiences and knowledge and/or whether it challenges these. A national 

survey conducted by Salmon et al. in 1973 also found that only 25% of responding farmers 

indicated any interest in farm management training (Salmon et al. 1973). This lack of interest 
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by most farmers in formalised management training further indicates, as pointed out by 

Salmon, farmers’ preference for experiential and intuitive management approaches, rather 

than formalised ones that may not fit in with their learning or management style. This result 

is surprisingly similar to that of a survey Kilpatrick conducted more than 20 years later in 

1996, where only 18% of farmers in her survey indicated they had undertaken, or were 

interested in undertaking, farm management training (Kilpatrick 1996;  Kilpatrick 2000;  

Kilpatrick & Johns 2003;  Kilpatrick & Rosenblatt 1998). The implication is that this 

preference for informal learning and management approaches has not changed much in 20 

years. This further can be seen as pointing to a preference, or tradition even, inherent to 

farming in Australia that has deep cultural and social roots. 

4.3.2 Decision analysis and complexity 

Hardaker et al. (2004) briefly examine the role of complexity in decision-making and list six 

attributes of complex decision problems: 

• The available information about the problem is incomplete. 

• The problem involves multiple and conflicting objectives. 

• More than one person may be involved in the choice or may be affected by the 

outcomes. 

• Several complex problems may be linked. 

• The environment in which the decision problems arise may be dynamic and turbulent. 

• The resolution of the problem may involve costly commitment that may be wholly or 

largely irreversible. 

The authors also list four ways in which people may respond to complexity, including: 
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• adopting a ‘good enough’ course of action rather than the ‘best’ in an attempt to 

reduce complexity; 

• avoiding, or taking steps to reduce, uncertainty; 

• adopting incremental rather than fundamental changes; and 

• attempting to reduce conflicts of interest or perceptual differences through discussion 

amongst those involved in decision-making. 

In talking about risk, uncertainty and decision analysis Hardaker et al. (2004) point out the 

reliance of their process on a ‘strong presumption about how risky decisions can be 

improved’ and the expectation that there exists both a ‘best’ choice and a ‘rational’ decision 

maker. The authors define a ‘good’ decision as  

one that is consistent with what the person making the decision believes about the 

uncertainty surrounding that decision, and with that person’s preferences for the 

alternative possible outcomes. A ‘good’ decision certainly does not guarantee a good 

outcome.  

(Hardaker et al. 2004) 

The authors also note the subjectivity of decision analysis and maintain that all probabilities 

are both subjective and personal, leading to the situation in which two decision-makers may 

behave differently in the face of the same risk. I would argue that risk perception – the way 

in which a person construes uncertainty, and in turn, risk – becomes important in decision 

making at the point at which subjectivity and uncertainty are fully acknowledged. Risk 

perception, it should be noted, is different to risk assessment in that it is a qualitative 

expression of uncertainty, as opposed to a risk probability calculated in a quantitative 

manner based on measures of subjective expected utility. Risk perception is discussed in 

more detail below.  
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Whilst their approach to decision making focuses on the assignment of subjective 

probabilities to the variables of a problem and they do not neglect the psychological aspect 

of subjective decision-making altogether, Hardaker et al.’s representation of the 

psychological aspect of decision-making is limited to the ‘sources and nature of bias’ in the 

decision making process. They list several ways in which an individual’s psychology (in 

particular how information is processed) may affect choices, including through: 

• ignoring uncertainty – either pretending it does not exist or being overconfident of 

knowledge held; 

• representativeness – also called ‘anchoring’, refers to the tendency to assign 

events/problems to similar categories of problems (and solutions) that the person has 

previously experienced and maintaining the ‘prior belief’' in order to ensure ‘internal 

coherence’; 

• misconception of chance – the tendency to think that the occurrence of an event not 

recently seen is higher than it actually is (as in gambling situations); 

• a tendency to rely on a previously occurring value and not adjusting for changed 

circumstances adequately – affected by conservatism and the availability of specific, 

previous, examples, to memory; and 

• motivational bias – usually on the part of someone providing information for decision-

making. 

The points above are well known aspects of the psychology of risk (see for example Slovic 

and Fishchoff) and Hardaker et al. maintain that there is currently no adequate method for 

dealing with these biases, which they suggest lead to inaccurate probability judgement on the 

part of decision-makers and therefore poor decision making. The authors also refrain from 

providing a way to deal with these biases, though they do offer some suggestions for 
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calibration of probabilities suspected to be biased. The psychological impacts on decision-

making are hence placed in the proverbial ‘black box’ i.e. assumed to exist but otherwise 

remaining unaccounted for and to a large extent ignored. Given the low rates of adoption of 

agricultural innovations within some industries in Australia, there exists the potential for 

new approaches to understanding farmer decision-making to make a contribution to both 

increasing academic understanding of the factors affecting adoptions, and to improving 

extension programs with the aim of increasing adoption rates. In light of the apparently low 

penetration of formal decision analysis style approaches into farmer’s preferred decision 

making tools, it stands to reason that a more qualitative approach focussed on the ‘black 

box’ area of the logical choice models could move the understanding of farmer decision-

making processes forwards. 

The extension of agricultural innovations, and an understanding of underlying reasons for 

adoption, would most likely benefit from ‘unpacking’ the logical choice model black box. This 

includes investigating the socio-cultural and psychological aspects of decision-making at the 

individual level and not simply be relegating them to the position of  biases that can be 

ignored or assumed away. Hardaker et al. (2004) specifically state that all decision-making is 

subjective – which is in effect what bias is – subjectivity – and biases are thereby valid 

aspects of decision-making if you believe that decision-making is not wholly objective. This is 

a view apparently supported by Knight (in Hodgson 2004), who acknowledged the 

theoretical problem of attempting to undertake objective socio-economic studies when 

dealing with highly subjective decision-makers (Hodgson 2004). ‘Rational’ decision-making 

based on SEU theory does not necessarily exist in ‘real life’ (i.e. whilst what is considered 

rational may be subjective, it is based on the idea that SEU can be calculated – usually in 

monetary terms) (Murray-Prior 1994; Wright 1983). The importance of understanding 

personal perceptions – mostly influenced by life experience, mental models or personal 

constructs – is therefore evident. It therefore stands that a greater emphasis needs to be 
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placed on the socio-cultural aspects of decision-making in order to determine the type and 

magnitude of influence these exert on farmer decision-making. Decision analysis in the 

context of individual farmers making adoption decisions would benefit from being less 

quantitative and more qualitative in nature. The development of extension material (the 

influencing aspect of decision-making) that incorporates and accommodates responses to, 

and perceptions of, uncertainty from a socio-cultural perspective could greatly improve the 

likelihood of ‘good’ decision-making (i.e. adoption) by individual farmers with regards to new 

practices and technologies and reduce risk aversion where it exists.  

4.3.3 Pannell et al.: Unpacking the �black box� of decision analysis 

As indicated in Chapter 2, other Australian-relevant authors researching and writing 

extensively in the area of agricultural economics and extension are Pannell, Marsh and 

Lindner (referred to collectively hereafter as Pannell and others). The approach of Pannell 

and others approach differs from Hardaker et al. (Anderson et al. 1977; Hardaker et al. 2004) 

through its attempt to incorporate personal, social and cultural (as well as economic) 

aspects of decision-making into the decision analysis model. Pannell (1997; 1998) lists four 

social aspects to adoption that producers must assess before proceeding with the adoption 

of an innovation, including: 

• awareness of the innovation; 

• perception that it is feasible to trial the innovation; 

• perception that the innovation is worth trialing; and 

• perception that the innovation promotes the farmer’s objectives. 

This attempt to more explicitly deal with aspects of farmer’s psychological and socio-cultural 

influences can be seen as delving into the ‘black box’ of assumptions inherent to decision 

analysis approach of Hardaker et al. Pannell et al. (2006) have attempted to draw the many 
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disciplinary approaches to extension and adoption together in a review article that focuses 

specifically on landholders and the adoption of environmentally sustainable land management 

practices. In summing up the major findings of adoption research over the past few decades, 

Pannell et al. state: 

The core common theme from several decades of research on technology 
adoption in agriculture is that landholder adoption of a conservation technology 
depends on them believing or expecting that it will allow them to better achieve 
their goals. Goals vary widely between individual land managers depending on 
their circumstances and personal preferences, but may include economic, social 
and environmental goals. Adoption is based on subjective perceptions or 
expectations rather than on objective truth. These perceptions depend on three 
broad sets of issues: the process of learning and experience, the characteristics 
and circumstances of the land manager within their social environment, and the 
characteristics of the technology. 

(Pannell et al. 2006, p. 2) 

These are indeed the areas of adoption that have been left out of decision analysis. Some 

may argue that Hardaker et al. are not specifically concerned with adoption, however as 

indicated above in section 4.2.1, Hardaker et al. do inherently, though not always explicitly, 

see their decision analysis model as influencing and aiding adoption decisions, and logically, 

adoption is about decision-making at its core (Pannell et al. 2006). Hence, as already stated, 

it is possible to critique the decision analysis model from the perspective of adoption, and as 

being concerned with adoption. In this way, the approach taken by Pannell et al. is an 

improvement on Hardaker et al.’s approach as it attempts to ‘unpack’ the black box of 

personal, social and cultural influences inherent to the decision analysis model. Pannell et al. 

also see adoption as reflecting the landholder’s attainment of goals – whether personal or 

other. The non- or dis-adoption of an innovation is therefore due, in part, to the innovation 

not progressing the landholder’s goals.  

Pannell et al. highlight four main goals of landholders and their families, including: 

• material wealth and financial security; 
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• environmental protection and enhancement (beyond that related to personal financial 

gain); 

• social approval and acceptance; and  

• personal integrity and high ethical standards. 

Not surprisingly these closely mirror the goals identified by Maslow (1943) in his hierarchy 

of human needs (see Chapter 5). The authors also suggest that “the different views of 

economists and sociologists sometimes have more to do with language than with substance” 

(Pannell et al. 2006, p. 5). They suggest that the economists’ definition of economic is broad 

enough that it may oftentimes include what sociologists would define as social benefits – but 

viewed through an economic prism. Pannell et al. (Pannell et al. 2006) also indicate that many 

empirical adoption studies have pointed to personality as an influencing factor – though not 

much research has actually been conducted specifically into personality traits - and suggest 

that risk aversion, as studied by economists, might be considered a personality trait. They 

also indicate the importance of personality traits such as internal or external locus of control 

and introversion or introversion being an influence on decision-making for landowners. They 

criticize Rogers’ (Rogers 2003) characterization of landowners based on a tendency to adopt 

early (innovators) or later (laggards), stating that this tendency does not apply to all 

innovations since not all innovations are necessarily relevant to a landholder’s situation. 

Finally, the authors also point out that situational and demographic factors can also impact 

on adoption decisions (e.g. physical distances from information sources, and age). 

The above aspects of adoption focus on characteristics of landholders, but Pannell et al. also 

do not neglect to mention that the characteristics of innovations themselves can have 

bearing on their adoption. This is perhaps an area that has not received as much attention 

and acknowledgement as it should have. It often seems that landholders are expected to 
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adopt an innovation without regard for it relevance or appropriateness for their particular 

situation and approach to management. This tendency stems somewhat from the dominance 

of the scientific paradigm, which, as discussed in Chapter 2, has directed research into 

agricultural innovations without a lot of regard for local landholder knowledge and 

management approaches. Pannell et al. divide the characteristics of innovations into two 

main categories, including relative advantage and trailability, where “Relative advantage refers 

to the perceived net benefits if you do adopt, while trialability refers to how easy it is to 

move from non-adoption to adoption via a learning phase” (Pannell et al. 2006, p. 8). Aspects 

of relative advantage are listed below. 

• The short-term input costs, yields and output prices of the innovation. 

• The innovation’s impact on profits in the medium-to-long term. 

• The innovation’s impacts on other parts of the whole-farm system. 

• Adjustment costs involved in adoption of the innovation. 

• The innovation’s impacts on the riskiness of production. 

• The innovation’s compatibility with a landholder’s existing set of technologies and 

resources. 

• The innovation’s complexity. 

• Government policies. 

• The cost or profitability of the traditional practice which the innovation would replace. 

• The compatibility of a technology with existing beliefs and values. 

• The impact of the innovation upon the family lifestyle. 

• Self-image and brand loyalty. 

• The perceived environmental credibility of the practice. 
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Aspects of trialability include are also listed below. 

• The divisibility of an innovation refers to its use on a small scale, or the use of a sub-

component of an innovation package. A degree of divisibility is essential to allow small-

scale trialling for learning purposes 

• The observability of results from an innovation is positively related to adoption. 

• Long time scales. 

• The complexity of an innovation is negatively related to its adoption. 

• The cost of undertaking a trial will be negatively related to adoption. 

• Risks of trial failure. 

• Quality of implementation. 

• Similarity in behaviour of the innovation to a familiar practice can be helpful in the 

learning process. 

• Perceived spillovers. 

Again, although the authors point to some studies providing empirical evidence to support 

the importance of these factors on adoption, there still exists a relative paucity of research 

into knowledge about these aspects of adoption. They list four suggestions that they believe 

would help biophysical scientists improve the adoption of conservation practices in 

particular, including (Pannell et al. 2006): 
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• Being aware of the technologies producers do adopt, and accepting that there are 

valid reasons for non-adoption. 

• Encouraging participatory processes that involve scientists and extension officers 

working with landholders. 

• Being aware of what landholders are doing already and trying to work with what they 

are doing rather than against it. 

• Working with economists, sociologists and psychologists for both research design 

and extension. 

All of these suggestions are worthwhile and possible to implement. Some work has already 

been carries out in this area, and this is the topic of the next section. 

4.3.4 Decision-modeling: Roy Murray-Prior 

A doctoral thesis written by Roy Murray-Prior in 2004, is perhaps one of the most 

comprehensive investigations of decision-making by sheep producers in Australia to-date and 

as such warrants a review in this work. In his investigation of producer decision-making, 

Murray-Prior investigated various model of decision-making, including reliability theory, non-

compensatory, compensatory models, single and multiple utility models, as well as image 

theory. These models all deal with decision-making under ‘bounded rationality’ which ‘does 

not assume a maximizing or optimizing mechanism’ (Murray-Prior 1994, p. 100). These 

models are economic models. Murray-Prior utilized a hierarchical decision-making model 

after Gladwin (1979), which like PCT, originates from psychological literature. Gladwin 

(1979), studied the value of understanding cognitive strategies using decision trees to the 

adoption of new technologies in Mexico and argued that whilst investigating how farmers 

reason might be time consuming,  
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the usual evaluation study of a project is just as costly: it requires both a baseline 

socioeconomic survey and a comparable later study...moreover, the results of an 

evaluation study, which gathers facts and data but does not delve into farmers’ 

reasoning, are inconclusive if adoption is measured and shown to be low, for then the 

obvious question, “Why didn’t farmers adopt?” cannot be answered. 

(Gladwin 1979, p. 171) 

Gladwin’s approached assumes that ‘decisions are decomposed and involve the sequential 

comparison of various alternatives based on a few characteristics or aspects’ (Murray-Prior 

1994, p. 109). An aspect is defined as ‘an attribute or dimension or factor or feature of an 

alternative’ (Gladwin 1980, p. 46). It is a two-stage approach, wherein a person is believed to 

in Stage 1 eliminated choices to a more manageable number according to aspects; stage 2 

involves a more critical decision-making phase, where they choose among the remaining 

alternatives by considering their attributes. This stage may include eliminating aspects from 

the set of attributes that they consider. Stage 1 is said to be quite quick and relatively 

‘unconscious’ or ‘preattentive’; while Stage 2 is believed to require more processing time 

(Gladwin 1980). The use of Gladwin’s model has been used in several studies, with 

researchers able to predict between 85 to 95 percent of the choices made by the 

participants in those studies (Murray-Prior 1994).  

Murray-Prior’s work specifically looked at the combined use of PCT and the hierarchical 

decision-making model to study sheep farmers’ decision-making with regards to the impact 

of the Reserve Price Scheme for wool. He investigated two types of decision, including 

major strategic decisions and major annual decisions. His use of PCT was designed to 

address a deficit in Gladwin’s model regarding the reasons why people behave in certain 

ways and make certain decisions. This use of PCT alongside the hierarchical decision model 

was viewed as ‘rounding out’ Gladwin’s theory (Murray-Prior 1994).   
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This thesis will also examine in a similar way to Murray-Prior, the part played by social, 

cultural and psychological factors on decision-making and adoption. 

The next section will look at sociological approaches to risk and how these differ from 

Hardaker et al.’s (Anderson et al. 1977; Hardaker et al. 2004) and Pannell et al.’s (Llewellyn et 

al. 2007; Llewellyn et al. 2004; Marsh et al. 1995; Marsh & Pannell 1999; Marsh & Pannell 

2000a; Marsh & Pannell 2000b; Marsh et al. 2000; Marsh et al. 2004; Pannell 1997; Pannell 

1998; Pannell 1999; Pannell et al. 2006) approaches. 

 

4.4 The Sociology of Risk - Risk Perception 

A different approach to the quantitative style of risk analysis/assessment described above 

involves the qualitative study of risk perceptions – how people understand, define and 

categorise the hazards or risks associated with projects, technologies, actions and other 

aspects of their lives. This type of risk research is founded in anthropology, sociology and 

social psychology. 

There are different definitions of risk used within the broader area of risk perception 

studies, and Aven (2003) suggests that the two most common are those based on the 

economic perspective and the second on beliefs and feelings. The former relies on 

calculating subjective probabilities expressing degrees of belief and risk attitudes, while the 

latter is more qualitative and examines the characteristics, benefits and acceptability of 

hazardous events, technologies and behaviours, usually as interpreted by laypeople. The 

following work will present an overview of how risk and uncertainty have developed in 

social psychology and the social sciences up till now.  
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4.4.1 The Risk Society: Foundations for a socio-cultural approach to risk 

One of the most influential works on risk in the social sciences has been Ulrich Beck’s ‘Risk 

Society’. Beck was concerned with the social conditions of modernity, with a particular 

reference to reflexive modernization (where modernization becomes its own theme in 

society). Beck sees the increasing influence of science and technology as a source of new 

dangers or risk, where the ability to pinpoint who is to blame for hazards is problematic, as 

is the calculation of consequences to those affected (Beck 1992). Beck distinguishes between 

modernity – which is closely allied with industrial society, the distribution of goods, and the 

acceptance of the scientific paradigm as dominant - and his concept of a ‘new modernity’, 

which he sees as a highly individualized society characterised by a close relationship between 

science and industry and concerned with the distribution of risks, as well as the reflexivity of 

science through a questioning of its role in such a society (Beck 1992).   

Beck’s vision of a reflexive modernity, where modernity itself and the role of science are 

questioned, is consistent with trends in modern agricultural extension to the extent that the 

concept of reflexivity allows for recognition of the validity of forms of knowledge other than 

scientific knowledge. Lash and Wynn describe the reflexive approach succinctly as follows in 

the introduction to Beck’s book: 

A reflexive learning process would have recognized the conditions underpinning 
the scientific conclusions, drawn out the social situational questions which they 
implied, and examined these with the benefit inter alia of the different forms of 
knowledge held by people other than scientists 

(Beck 1992, p. 5).  

Lash and Wynn are referring in this case to the failure of a U.S. Pesticides Advisory 

Committee (PAC) to believe farmers’ evidence that herbicides were causing health issues 

because the scientific literature on laboratory toxicology of the chemicals denied that they 

were indeed harmful – though the PAC did issue a qualification indicating that this was 

applicable to situations where the chemicals were used in ‘ideal’ conditions. The lack of non-
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scientific information allowed in the PAC decision-making process did not acknowledge the 

risks posed under less than ideal usage situations. 

In his work Risk Society, Beck is essentially exploring the idea of risk perception and the 

failure of the scientific paradigm to deal with the socio-cultural component of risk in modern 

society. Beck also talks of the idea of risk positions today not being class, but knowledge 

determined, and further suggests that they ‘create dependencies which are unknown in class 

situations; the affected parties are becoming incompetent in matters of their own affliction’ 

(Beck 1992, p. 53), mainly because they are so reliant on external knowledge in order to 

judge their level of risk (e.g. such as the level of some harmful chemical such as DDT in their 

food or other personal products). Beck further posits that the dangerous nature of some 

products and technologies today imposes an ‘inhuman law of infallibility’ upon scientists, such 

that whereas it may previously have been acceptable (and normal as part of the scientific 

process) to admit to an error in calculations, today this ‘amounts to the unleashing of a 

political (or economic) catastrophe’ (Beck 1992, p. 54). This is relevant to the issue of sheep 

parasite management to the extent that parasite management systems are chemically-reliant 

and there is a tendency to rely on the validity of scientific or technological solutions to 

parasite management issues. In the context of extension and adoption, the issue of infallibility 

of science and the reliance upon the scientific paradigm, results, as discussed in Chapter 2, in 

other forms of knowledge (and therefore solutions) ignoring local or socially held 

knowledge.  

Beck goes further to suggest that the divide between scientists and non-scientists (lay 

people) has an impact on the way risk is managed, with scientists believing lay people to be 

‘well-intentioned; hard working, but without a clue’ and only need to ‘be stuffed full of 

technical details, and then they will share the experts’ viewpoint and assessment of the 

technical manageability of risks, and thus their lack of risk’ (Beck 1992, p. 58). This is an 
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attitude that has commonly been seen in agricultural research and extension and is a view 

that originally gave rise to the ‘top-down’ approach to educating farmers. It is also a stance 

that has led to an increase in  ‘hostility to technology’ and a lack of trust in those who try to 

impart information relating to technology – another issue common to agricultural extension, 

as discussed in Chapter 2.  

Beck’s work is focussed on society as a whole, but there are four major themes identifiable 

in Becks work that are of relevance to agriculture and the adoption of technological 

innovations. These include: 

• The dominance of the scientific paradigm;  

• An historical lack of acknowledgement of the social, cultural and psychological 

influences on risk perception;  

• The imperceptible nature of some modern risks;  

• The lack of trust between scientists and non-scientists; and 

• A reliance of modern populations on sources of knowledge external to themselves. 

Pannell et al. (2006) have identified several of the above themes as relevant to decision 

analysis and the adoption of agricultural innovations from an economic perspective. A 

critique of theories of risk perception that have arisen out of sociology and social psychology 

are presented below.  

4.4.2 Tversky and Kahneman: A critique of logical Choice Theories 

Tversky and Kahneman pioneered research into describing the heuristics people use to 

make decisions, and assign risk; as well as examining the biases inherent in these heuristics. 

They are critical of modern theories of decision-making under risk (such as decision 

analysis), stating that the invariance axiom inherent to the rational theory of choice; the 
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model of an idealised normative decision-maker; and the focus on a logic of choice do not 

accurately describe “the behaviour of real people” (Tversky & Kahneman 1986, p. S251). 

Invariance is defined as, “different representations of the same choice problem should yield 

the same preference. That is, the preference between to options should be independent of 

their description” (Tversky & Kahneman 1986, p. S253). Tversky and Kahneman not only 

dispute the invariance axiom of subjective utility theory (SEU), but also the remaining three 

axioms of “cancellation, transitivity, dominance” (Tversky & Kahneman 1986, p. S252). These 

are the same axioms that Hardaker and his co-authors (Anderson et al. 1977; Hardaker et al. 

2004) have based their decision analysis model on.  

In their critique of the use of normative analysis to predict and explain behaviour as applied 

under logical choice models, Tversky and Kahneman further state: 

The logic of choice does not provide an adequate foundation for a descriptive 
theory of decision-making. We argue that the deviations of actual behaviour from 
the normative model are too widespread to be ignored, to systematic to be 
dismissed as random error, and too fundamental to be accommodated by 
relaxing the normative system. 

(Tversky & Kahneman 1986, p. S252) 

Tversky and Kahneman maintain that prescriptive logical choice models, such as decision 

analysis, are incompatible with descriptive analyses, and so they have developed their own 

descriptive model of choice called Prospect Theory (Kahneman & Tversky 1979; Tversky & 

Kahneman 1986). 

Tversky and Kahneman define Prospect Theory in the following way: 

Prospect theory differs from other models mentioned above in being unabashedly 
descriptive and in making no normative claims. It is designed to explain 
preferences, whether or not they can be rationalized. 

(Tversky & Kahneman 1986, p. S272) 
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Prospect theory is an attempt to account for psychological principles of perception and 

judgement, and it uses framing to contextualise these. Framing of a decision, according to 

Tversky and Kahneman, “depends on the language of presentation, on the context of choice, 

and on the nature of the display” (Tversky & Kahneman 1986, p. S273). It is this type of 

approach that is more representative of the way in which farmers make decisions – i.e. using 

heuristics in a descriptive manner within a particular context. Tversky and Kahneman 

maintain that “the normative and the descriptive analyses of choice should be viewed as 

separate enterprises” (Tversky & Kahneman 1986, p. S275). In light also of the many social, 

cultural psychological and personality related factors influencing adoption as identified by 

Pannell et al. (2006), I would argue that in attempting to examine and explain producers’ 

adoption choices, a more descriptive approach is more relevant than a prescriptive logical 

choice model. Notwithstanding Tversky and Kahneman’s stance, not all sociological model of 

risk perception have adopted a descriptive approach. Work by Slovic has for instance 

maintained a quantative approach to calculating risk perception. 

4.4.3 Slovic and risk perception 

Paul Slovic, who wrote at the same time as Tversky and Kahneman about descriptive risk 

analysis, like Beck, sees the imperceptible nature, and frequently delayed consequences of 

modern hazards as characteristics that make them difficult to assess using statistical analysis. 

He sees the rise of risk assessment as a response to these hazards designed to ‘aid in 

identifying, characterizing and quantifying risk’ (Slovic 1987, p. 280). He defines risk 

perceptions as the ‘intuitive risk judgements’ made by lay people (Slovic 1987, p. 280). Slovic 

suggests that fed by a mass media expounding the prevalence of modern dangers, many 

industrialised societies believe that there exists more danger now than historically. In a 

similar way to Beck, he sees this perception of increased danger as creating an hostility to 

technology and the pursuit of a ‘zero-risk society’, particularly in the United States of 
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America (Slovic 1987). Slovic further maintains that this lay persons’ perception of a riskier 

society has frustrated ‘industrialists and regulators’, leading to a growing interest in the field 

of risk perception research. Slovic states: 

The basic assumption underlying these efforts is that those who promote and 
regulate health and safety need to understand the ways in which people think 
about and respond to risk. 

(Slovic 1987, p. 281). 

This is certainly a view that would be supported by Beck and by Tversky and Kahneman, 

though the context of their convergent conclusions is different. A similar concept of the 

need to understand how people think about and respond to risk is relevant to the 

promotion of agricultural innovations and change. Whilst agricultural decision analysis may 

take some account of subjective risk attitudes (through SEU probabilities) it does not 

incorporate a meaningful understanding of how people perceive risk in a qualitative manner 

based on their personal construct systems or mental models (or even the frames mentioned 

by Tversky and Kahneman). Slovic sees great benefit in risk perception research, stating: 

If successful, this research should aid policy-makers by improving communication 
between them and the public, by directing educational efforts, and by predicting 
public responses to new technologies...events...and new risk management 
strategies. 

 (Slovic 1987, p. 281) 

Indeed it is these potentials of risk perception research that make it so relevant to 

agriculture, where new developments in science, technology and practices are constantly 

being developed. Often these development are in isolation from the end-users (producers) 

and there exists still a certain level of distrust of scientists and ‘gurus’ on the part of 

producers. 

In delving further into the influences on individual and social risk perceptions, Slovic 

highlights the role of socio-cultural factors operating on an individual – such as the need to 
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maintain, participate and control a social group. Influences on a person may include friends, 

colleagues, family and public officials. Slovic’s particular focus however is on the psychological 

research of risk perception, which he maintains ‘originated in empirical studies of probability 

assessment, utility assessment, and decision-making processes’ (Slovic 1987, p. 282), such as 

those approaches discussed in Section 2.1. Slovic’s approach is indeed grounded in these 

types of assessment, where the mental strategies or ‘heuristics’ that people use to ‘make 

sense of an uncertain world’ are considered biases in risk assessment (though also shared by 

experts as much as lay people when the former are ‘forced to go beyond the limits of 

available data and rely on intuition’). These biases are the same ones pointed out by 

Hardaker et al. (2004) in the revised, 2004, edition of their decision analysis text, as 

described in section 4.1. 

Slovic’s work on risk perception is based on the use of psychometric analyses based on 

scaling and multivariate techniques that can be used to ‘produce quantitative representations 

or “cognitive maps” of risk attitudes and perceptions’. Within this psychometric paradigm 

people are asked to ‘make quantitative judgments about the current and desired riskiness of 

diverse hazards and the desired level of regulation of each’ (Slovic 1987, p. 282). Slovic 

describes the process further, stating: 

These judgments are then related to judgments about other properties, such as  

i) the hazard’s status on characteristics that have been hypothesized to 
account for risk perceptions and attitudes (for example, voluntariness, 
dread, knowledge, controllability;  

ii) the benefits that each hazard provides to society;  

iii) the number of deaths caused by the hazard in an average year, and  

iv) the number of deaths caused by the hazard in a disastrous year.  
(Slovic 1987, p. 282) 
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This is ultimately a quantitative approach to risk perceptions, which does not truly account 

for the underlying socio-cultural factors influencing risk perceptions. Despite this, is does 

move closer to attempting to identify some of the perceptions that people utilise in order to 

‘make sense out of an uncertain world’ (Slovic 1987, p. 281). Slovic’s work is an attempt to 

continue research into the biases that occur from heuristic judgement about risk.  

The focus of this dissertation is directed more towards an understanding of the underlying 

mental models or constructs that inform people’s stated perceptions, in a more descriptive 

way. Douglas (Douglas 1994) and Joffe  (Joffe 1996; Joffe 2003) have adopted such an 

approach based on the theory of social representations described by Serge Moscovici 

(Moscovici 2001; Moscovici & Markov 1998) and this approach will be discussed further in 

the following section. 

4.4.4 Risk Perceptions and Social Representation Theory: Joffe  

Joffe expresses the view, with which I agree, that approaches such as Slovic’s still view 

human thinking as ‘analogous to erroneous information processing’ and proposes a new 

‘psychology of risk’ based on Moscovici’s social representations theory (Joffe 2003). Joffe 

considers her approach to be a challenge to the traditional psychological approach to risk 

perception as represented by Slovic’s work, and essentially proposes ‘...a psychological 

approach concerned with how the particular representation of risk evolves, why it is created 

and accepted, and the symbolic factors that feed it’ (Joffe 2003, p. 55). According to Joffe, 

approaches focused on perceptions of risk ignore the broader socio-cultural influences and 

focus too much, as mentioned above, on the heuristics and biases “used in the apprehension 

of risk” (Joffe 2003, p. 55). 

For her work, Joffe adopts a definition of risk proposed by Douglas (Douglas 1994), who 

defines risk as ‘danger from future damage’. Douglas’ work focuses on the negative aspects 
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of risk, asserting that for lay people the connection between probability theory and rational 

choice is not paramount, and that modern thought on risk is unlikely to include a positive 

outcome. Joffe also uses an approach that views risk as being comprised of two different 

aspects (i) material phenomenon, and (ii) social constructions. This is a material-discursive 

position originally proposed by Yardley (1997 in Joffe 2003). Although the type of risk 

referred to by Joffe and Douglas is focused at a broader societal level and involves risk 

associated with danger – rather than more individualistic, business and management risk, it is 

instructive to refer to the social representations perspective on risk since it attempts to 

encapsulate the broader socio-cultural aspects of decision-making, rather than focusing on 

the more intrapersonal cognitive aspects as investigated by Tversky, Kahneman and Slovic. 

In critiquing the work of Slovic, Tversky and Kahneman, who adopt a cognitive psychology 

approach to risk based on the idea of the error in human information processing, Joffe 

highlights what she considers to be the two main foci of their work, including the lay 

tendency towards overconfidence regarding judgment of risks, and optimistic bias (OB). She 

is particularly concerned with the latter, and describes the key tenet of OB, and similar risk 

perception models, as being; ‘that many humans are basically risk averse, but unintentionally 

miscalculate their risks due to cognitive deficits, such as inefficient handling of information’ 

(Joffe 2003, p. 58). Joffe challenges this assumption of ‘cognitive deficit’ and suggests that it 

assumes the human mind is a machine, which ignores the ‘symbolic, meaning-making and 

emotive realms, (as well as) the inter-subjective qualities of human experience’ (Joffe 2003, p. 

58). In support of this criticism, she invokes the work of Serge Moscovici, the founder of 

social representations theory, who maintains that the cognitivist view of human thinking and 

behaviour is a simplification. Joffe also notes an apparent re-evaluation of work by Slovic in 

2000, where he appears to recognize the ‘emotional and affective processes’ at work in 

human thought processes (Joffe 2003, p. 59). 
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Joffe criticizes Slovic’s later approach also however, claiming that its inclusion of emotions is 

limited to the positive or negative feelings that people associate with a particular hazard – 

called the ‘affect heuristic’. She maintains that Slovic, and others of the cognitive perspective, 

continue to hold onto rationalist assumptions and thereby downplay the validity and 

reasonableness of emotions. Joffe also notes Slovic’s more recent tendency to acknowledge 

worldviews, but maintains that this shift is limited in its understanding of, what Douglas has 

referred to as, ‘inter-subjectivity, consensus-making and social influences’ and their influence 

on decision making (Joffe 2003, p. 59). Rather than acknowledging the influences of a 

dynamic culture on judgments of risk, Slovic believes that humans, like nature, are governed 

by universal laws such that understanding certain ‘facts’ about individuals means that you can 

understand social phenomena. This is a view is challenged by Joffe (2003), Douglas (1994), 

and Irwin and Wynne (1996 in Joffe 2003). 

Joffe proposes, as stated earlier, grounding risk perception work in the theory of social 

representations. She maintains that in the field of risk, social representations theory (SRT) 

‘rather than conceptualising lay readings of risk as deficient, they are viewed as entities that 

contain the eccentric contents of people’s repositories of knowledge, which both express 

and protect their identities’ (Joffe 2003, p. 60). Joffe offers her own definition of SRT, where 

SRT:  

refers both to the process through which representations are elaborated and the 
structures of thought that emerge. The theory maps the processes whereby socio-
cultural, historical and group-specific forces become sedimented in inner 
experiences, how the ‘we’ becomes contained in the responses of the ‘I’. 

(Joffe 2003, p. 60).  

According to Joffe, factors influencing the representations people may develop include 

science and the mass media – where the latter is typically used to transform science or 

expert knowledge into lay knowledge.  
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Joffe places significant emphasis on symbolism, information that is already known, and trust 

in authorities or experts, and anxiety responses as part of risk representation by lay people. 

Certainly, in the context of farming, this list represents many of the issues producers have 

when looking at new information and innovations with a view to adopting them. Pannell et al. 

(2006) identified some of these aspects of adoption in their 2006 article (see section 4.2.2). 

Joffe is careful to assert, that SRT is a non-predictive theory, though it does attempt to ‘build 

a complex model of common-sense understanding, which contains multiple, reciprocal 

influences’ (Joffe 2003, p. 63). It is this inability to predict, that has caused other researchers 

of risk analysis and risk perception (such as Slovic) to criticise the value of social 

representations in this field (Joffe 2003). 

SRT is based on two assumptions about how people build representations of events; (i) 

anchoring, and (ii) objectification. Anchoring occurs when a new event is ‘moulded’ in such a 

way that it appears continuous with existing ideas. Anchoring is influenced by ‘the ideas, 

images and language shared within groups’. Joffe concludes that whilst this process makes a 

new event imaginable, it also ‘removes from the new event both its specificity and its 

potentially threatening quality’. This concept can be applied in longitudinal studies to 

investigate, ‘the continuities and discontinuities between current and past representations of 

seemingly similar social objects’. Such studies have shown the prevalence of influences such 

as politics on social processes, rather than purely cognitive elements. 

Objectification works in conjunction with anchoring, and where anchoring ‘involves drawing 

on shared knowledge from the past, objectification involves drawing the current experiential 

world of a particular group member’ (Joffe 2003, p. 64). Hence, while anchoring may involve 

the invocation of ‘abstract links to past ideas’, objectification involves the use of people’s 

day-to-day experiences to make something seem familiar or at least describable. 

Objectification is also, particularly in the field of risk perception, linked to protection of 
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identity – whether of the individual or a group. The way a hazard is represented will be 

somewhat determined by how the individual or group is best able to protect their identity, 

by drawing on the ideas and ways of thinking that are acceptable to the groups with which 

they identify. This is a key point for producers, who by and large, form their own social 

group and are likely to engage in ‘social transcripts’ particular to their social group. 

Australian farming has a long tradition for instance of stockmanship, toughness and 

innovation that is well documented in social commentaries of poets such as Henry Lawson, 

Banjo Patterson and Steele Rudd; and in stories such as The Man from Snowy River, The 

Man from Ironbark and ‘Said Hanrahan’ by John O’Brien. This cultural folklore forms part of 

the Australian producer’s cultural identity and is likely to be manifested somewhat through 

their management approaches and decision-making. 

It can be seen that SRT is concerned with imagery, symbolism and metaphors within a social 

system. In this way, SRT necessarily adds a dimension to risk perception that is beyond 

language and linguistic expression. Joffe acknowledges that this coupled with the interest in 

the ‘identity-based, emotional and symbolic facets of human thinking’ make empirical 

research a challenge (Joffe 2003, p. 65). The SRT approach requires, not only the study of 

individuals, but also an ‘exploration of the ideas that reside in structures outside of individual 

minds’ – the context in which the individual is operating (Joffe 2003, p. 66). Joffe refers to 

this as a ‘triangulation’, where material is drawn from both individuals and their social 

context. 

Joffe offers an approach to risk that is more socio-culturally aware, and which does not 

require predictions of expected behaviour, nor assume logical choice as do the models of 

the previous authors discussed above. Interestingly the bases of SRT – namely objectification 

and anchoring – are considered biases requiring correction by logical choice models, such as 

Hardaker et al.’s (Anderson et al. 1977; Hardaker et al. 2004). Social Representation Theory, 
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whilst in my opinion, a valid and valuable approach to decision-making at a societal level in 

particular, does not deal adequately, in the context of the adoption of agricultural 

innovations, with the individual psychological factors impacting on decision-making and risk 

perception. Although greatly influenced by social, political and cultural values and contexts, 

the adoption of agricultural innovations is typically an individual endeavour and requires 

greater attention being paid to the individual psychological aspects of decision-making than 

SRT accommodates. With this in mind, whilst the concept of SRT will be adhered to in the 

context of trying to encapsulate broader societal effects on decision-making by individuals in 

relation to general societal risks, this study seeks also to look at individual-relevant decision 

via the cognitive lenses through which the interpretation and application of these societal 

influences occur. One methodology that offers the potential to achieve this is George Kelly’s 

Personal Construct Theory. Personal Construct Theory is discussed further below. 

4.4.5 Risk Perception and Kelly�s Personal Construct Theory  

SRT sits among those theories in social psychology that involve the construction of mental 

models or frames by the individual. A similar theory that focuses on the idea of social 

construction is George Kelly’s Personal Construct Theory (PCT) (Kelly 1963). PCT is 

focussed at the individual level and is designed to elicit the mental models or personal 

constructs that underlie the ways in which an individual may think about or perceive a 

particular element. Hence, it goes somewhat beyond the verbal, by being able to invoke 

feelings or imagery about elements being studied, in a similar way to SRT.   

Constructive Alternativism, the concept underpinning PCT, refers to the philosophical 

position that “We assume that all of our present interpretations of the universe are subject 

to revision or replacement” (Kelly 1963, p. 15). PCT is an attempt to look at the way in 

which people try to predict and control their lives. It postulates that people try to fit 

different “transparent patterns or templates” (Kelly 1963, p. 8) over the realities of life in 
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order to find the best fit. These patterns, or constructs, can be altered to some degree as 

the person encounters new experiences, however Kelly believes most people will not 

change without major psychological upheaval of their broader superordinate construct 

system in order to fit in a new, more precise substructure constructs where new 

experiences might call for this. In this way, Kelly is suggesting that though constantly seeking 

improvement, people are hampered by an already existing construct system that might 

prevent change even in the light of new information. Such an idea has important implications 

for the adoption of new technology or methods of approach in agriculture that goes beyond 

the scope of risk as a major player in decision-making.  

It is only by attempting to understand how a person construes their reality that we can begin 

to understand how to most effectively present new experiences and information in such a 

way as to not entirely challenge the person’s construct system. Where a challenge does 

occur, Kelly argues: 

Frequently his personal investment in the larger system, or his personal 
dependence upon it, is so great that he will forego the adoption of a more precise 
construct in the substructure. It may take a major act of psychotherapy or 
experience to get him to adjust his construction system to the point where the 
new and more precise construct can be incorporated. 

(Kelly 1963, p. 9). 

Essentially, new products or methods present a potential challenge to producers’ super-

ordinate construct systems and as indicated by Kelly, it would take more than a simple 

marketing campaign to change people’s mindsets and get them to accept a new subordinate 

construct, or even a new super-ordinate one. Hence, one could say that in some cases with 

regards to new innovations with low adoption rates, the risk involved relates more to the 

challenge to person’s construct system than their actual physical practices. Further, even 

though improving knowledge about an innovation may reduce uncertainty about it, this 

knowledge has to be consistent with the person’s superordinate construct system. In this 
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way, people can have impermeable constructs that prevent the adoption of any new ideas 

regardless of how good the information presented to them. A worthwhile endeavour in the 

context of this study would be to investigate these aspects of uncertainty in relation to 

producers’ parasite management. 

Starting at the level of the construct when investigating producer’s adoption of agricultural 

innovations should provide solid groundwork for rethinking some of the assumptions 

historically made about producer decision-making, and adding new assumptions which may 

more accurately reflect how people process and adopt information. In this way, we may 

attempt to more effectively understand why a seemingly relevant and scientifically sound 

product or method is rejected by, often, the majority of producers – without assuming it is 

risk aversion in the utilitarian sense or due to flawed decision-making processes. Such an 

approach involves looking at producers’ psychological, social and cultural world, which as 

discussed earlier, has typically been neglected when investigating the decision-making 

process employed by producers, especially in first world countries like Australia. Those 

inconsistencies, which may seem like anomalies, may in fact be perfectly ‘logical’ when 

viewed in light of the person’s construct system. Especially as construct systems have ranges 

of convenience and foci of convenience which “are points within its realm of events where a 

system or a theory tends to work best” (Kelly 1963, p. 44).  

4.4.5.1 HOW CAN PERSONAL CONSTRUCT THEORY BE USED IN AGRICULTURE? 

Kelly believed that PCT had a range of convenience “in the area of human readjustment to 

stress” (Kelly 1963, p. 12). Kelly maintains that we should view man as a scientist, and in this 

way we can understand that people seek to predict and control their environment. The 

Repertory Grid technique used in PCT consists of constructs (the way in which a person 

represents things) and Elements (the thing about which the person has a 

construct/representation). Kelly argues that if we see people as scientists, with a predictive 
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nature, then “it follows then that the constructs which he formulates are intended to aid in 

his predictive efforts” (Kelly 1963, p. 12).  

Constructs are used not only to predict events, but also to validate and assess their accuracy 

after events have occurred. Kelly suggests that ‘any alert person’ will attempt to test their 

constructs as soon as possible in a ‘test-tube’ environment and where the “hazards appear 

to be great, he will first seek some indirect evidence on the probable outcome of his trials” 

(Kelly 1963, p. 15) (much in the same way as trialing allows in the context of agricultural 

adoption). Alternatively, a person may choose not to experiment because the likely 

consequences may be viewed with dread (which under logical choice models might be called 

risk aversion), and may “place him in an ambiguous position where he will no longer be able 

to predict and control” (Kelly 1963, p. 16). He maintains that “If we reach an understanding 

of how a person behaves, we discover it in the manner in which he represents his 

circumstances to himself” (Kelly 1963, p. 16). It is this point in particular that I propose 

makes PCT a useful tool for agricultural extension. In effect, what research in extension 

needs to be doing is understanding more about how producers see their circumstances and 

attempt to match extension and research for innovations to these representations. PCT can 

help extension professionals to attempt to predict “the direction in which a man will turn” 

(Kelly 1963, p. 38) when presented with a new experience and new information.  

4.5 Overview of basic Personal Construct Theory 

Kelly’s theory of personal constructs comprises one fundamental postulate and 11 

corollaries. The fundamental postulate states; “A person’s processes are psychologically 

channelized by the way in which he anticipates events” (Kelly 1963, p. 46).  

This basically means that individuals are active in their assessment of behaviour through a 

certain structure of pathways used by choice in order to predict or anticipate the future in 
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terms of real events. Kelly does not distinguish learning as a form of behaviour because he 

believes, and this is implicit in his fundamental postulate, that learning is something so 

‘universal’ that it is not seen as a ‘special class of phenomenon’ (Kelly 1963). The 11 

corollaries are designed to enhance the fundamental postulate and provide greater detail, 

which is not limited to the exact wording of the corollary. These 11 corollaries are outlined 

below. 

1. A person anticipates event by construing their replications (construction corollary). 

2. Persons differ from each other in their construction of events (individual corollary). 

3. Each person characteristically evolves, for his convenience in anticipating events, a 

construction system embracing ordinal relationships between constructs (organization 

corollary). 

4. A person’s construction system is composed of a finite number of dichotomous 

constructs (dichotomy corollary). 

5. A person chooses for himself that alternative in a dichotomised construct through 

which he anticipates the greater possibility for extension and definition of his system 

(choice corollary). 

6. A construct is convenient for the anticipation of a finite range of events only (range 

corollary). 

7. A person’s construction system varies as he successively construes the replications of 

events (experience corollary). 

8. The variation in a person’s construct system is limited by the permeability of the 

constructs within whose range of convenience the variants lie (modulation corollary). 

9. A person may successively employ a variety of construction subsystems which are 

inferentially incompatible with each other (fragmentation corollary). 
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10. To the extent that one person employs a construction of experience which is similar 

to that employed by another, his psychological processes are similar to those of the 

other person (commonality corollary).  

11. To the extent that one person construes the construction processes of another, he 

may play a role in a social process involving the other person (social corollary). 

Although PCT was originally designed for use in clinical psychology (Kelly 1963), the tool 

designed for use alongside the theory, originally called the Role Repertory Construct Grid, is 

utilised in many other fields. Referred to in its non-clinical form as the Repertory Grid (or 

RepGrid), this tool has proven useful in marketing research, development of job competency 

frameworks, course evaluation, corporate team building and expert knowledge development 

to name a few (Jankowicz 2004). Typically, in many non-clinical situations the RepGrid is 

used in isolation from the theory, which is an occurrence lamented by some PCT specialists.  

The RepGrid tool can be separated from Kelly’s main theory, since it allows the use of a 

simple tool comprised of elements and constructs. Elements can be supplied or elicited from 

interview participants, though frequently they are supplied to allow for standardisation of 

subject matter, particularly for marketing purposes. The most common element in RepGrid 

questioning is ‘myself”, which gives the participant the ability to view differences between 

himself and others or to see change over a period of time when used in a counselling 

situation. Constructs are typically elicited, but where standardisation of responses is called 

for, they may also be supplied (Adams-Webber 1979; Jankowicz 2004). This latter option 

limits the authentic voice of the participant being put forward, but provides a means of 

assessing the applicability of a supplied construct, as well as allowing for direct comparison of 

constructs across a group (Adams-Webber 1979). 
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The RepGrid allows participants to rate elements against constructs according to the chosen 

topic and is therefore a qualitative and quantitative research tool. Rating scales between five 

and nine-points are typically employed. Elements can be elicited by asking people to name a 

variety of people/objects/experiences that represent for instance “someone they have a 

good relationship with”, or “something you find useful in the workplace” etc. (Fransella 

2005; Jankowicz 2004). The elicitation of constructs is somewhat more complex and there 

are many techniques of varying quality that can be utilised (Adams-Webber 1979; Fransella 

2005; Jankowicz 2004). The most common is the use of triadic questioning, wherein a 

participant is asked to identify the way in which one of three elements is different from the 

other two. After identifying and describing their first construct, the person is later asked to 

nominate an opposite or contrast to this first one in order to create a dichotomous pair of 

constructs to be used later in the grid process. Further detail on the initially supplied 

constructs can be gained using several techniques, referred to as laddering down/up and 

pyramiding (Fransella 2005; Jankowicz 2004). Kelly’s original RepGrid comprised 24 items 

that represent the major roles that other people play in the participant’s life, such as 

mother, father, partner, teacher etc. In this way, the participant nominated a person (either 

by name or role) who fulfilled the role indicated on the list. Constructs are then elicited 

from the person being interviewed in order to highlight characteristics by which they 

perceive these other people in their life e.g. Outgoing vs. shy; patient vs. aggressive. The 

repertory grid is then analysed with the participant in order to examine relationships 

between constructs and elements and to highlight super- and subordinate constructs that 

are used to perceive other people. A full version of Kelly’s Role Repertory Construct Grid is 

provided in Appendix A. Although Kelly indicates that it is difficult for super-ordinate 

constructs in particular to be altered, because Kelly does see people as always learning and 

examining their processes of anticipation, it is expected that some changes will occur over 

time: 
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The constructs which are hierarchically organized into systems are variously 
subject to test in terms of their usefulness in helping the person anticipate the 
course of events which make up the universe. The results of the testing of 
constructs determine the desirability of their temporary retention, their revision or 
their immediate replacement. We assume that any system may, in proper time, 
have to be replaced. Within the structure of a system determinism and free will 
are directional aspects of the same system; that is a construct is determined by 
that with which one judges it must always be consistent, and it is free of that 
which one judges must always be subordinated to it. 

(Kelly 1963, p. 43) 

Kelly’s approach is in some ways similar to the SRT approach in that it takes a 

phenomenological approach to people and their representation of reality. Kelly describes his 

approach specifically as “a neophenomenological approach with a more traditional 

methodology” (Kelly 1963, p. 43). 

This study will utilise a modified, standardised version of the repertory grid, with attention 

paid to interpret results according to the fundamental postulates of Kelly’s personal 

construct theory. Detail of the methodology employed is provided in Chapter 6.  

4.5.1 A note about on-farm decision making and the study of individuals 

A point should be made at this stage regarding the focus on individual decision-making in this 

project. Kilpatrick et al. (1999) found that only 22% of farms had a single decision-maker. 

Further, Reeve and Black (1998) also found that many decisions were made jointly by a 

husband and wife team. In the study by Reeve and Black, it was noticeable that there was a 

difference between the degree of team-decision-making for different types of decision. For 

instance, decisions relating to day-to-day on-farm management were less likely to be jointly 

made as compared to major purchasing decisions. Further, these day-to-day decisions were 

more likely to be made by the male household member, particularly in households classified 

as ‘traditional’ (Reeve & Black 1998). This suggests that strategic decisions are perhaps made 

as part of a team, but that the day-to-day operational decisions – such as when to drench or 

conduct tests, is left to a single decision-maker – likely to be the traditional ‘male’, as 
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suggested by Reeve and Black’s study (1998). In the case of integrated parasite management, 

many of the changes are relevant to day-to-day activities, hence, whilst a team decision may 

be made to trial an IPM approach, the daily implementation may be carried out by only one 

of the decision-makers. This differentiation between strategic team decision-making and daily 

decision-making requires further investigation. 

Regardless of whether decisions about management on the farm are made by a team or by 

individuals, PCT has been chosen as an appropriate theory for several reasons. Firstly, even 

within a team, each individual member brings his or her own set of personal constructs to 

the decision – and these are worth studying, especially as there is the capacity with the 

repertory grid to examine grids at a social level to see where people’s constructs intersect 

or diverge (Gaines & Shaw 2005; Shaw & Gaines 1992). Further, PCT, and indeed 

constructivist theories in general, inherently include the interaction between individual and 

society (Candy 1981; Candy 1991; Kelly 1963; Merriam & Caffarella 1999; Phillips 1995) (see 

discussion about adult education in Chapter 2). As shown by Salmon (1980), farm 

management teams can be fractured or otherwise fraught with tension or disagreement, 

which indicates that even where there is supposed to be a team approach, this may not 

always be the case in practicality (these differences can be investigated/elicited using a 

repertory grid approach). Further, for different decisions, it is possible that one person’s 

view dominates even in a team – this is evident in Reeve and Black’s (1998) study described 

above. Hence, whilst there is merit in studying management teams, there is also merit in 

studying individuals. As this study seeks to investigate the utility of PCT in agriculture at its 

most fundamental level – the individual producer – it is an entirely appropriate methodology. 

4.6 Summary 

This chapter has described the current prevalent logical choice, decision analysis approach to 

risk in agriculture based on research by Anderson and Hardaker (Anderson et al. 
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1977;Hardaker et al. 2004), the leading authors on this topic in Australia. An examination of 

Anderson and Hardaker’s logical choice model has suggested that descriptive, social, cultural 

and personality aspects of adoption require further investigation in order to better 

understand the adoption of agricultural innovations. This includes aspects of learning, 

knowledge preferences, management preferences and the importance of concepts such as 

locus of control, self-identity, financial and production benefits and the overall proven benefit 

(as may be gleaned by producers from trialing by themselves or others) of knowledge, skills 

and practices. Each of these aspects of adoption was found to be of importance to adoption 

and risk perception in the literature reviewed above.  

There are a number of areas of theory that appear to have some potential in this regard, 

such as Tversky and Kahneman’s Prospect Theory, Slovic’s risk perception framework, and 

the Social Representations approach of Joffe.  Whilst each of these theories has merit, each 

also has disadvantages in the context of this study. Tversky and Kahneman’s Prospect 

Theory, whilst delving into the ‘black box’ of logical choice decision-making models, using a 

‘framing’ approach, is still a formalized approach to decision-making. Slovic’s approach also 

attempts to elucidate the some of the socio-cultural and psychological aspects of decision-

making and risk perception, but like Tversy and Kahneman, also maintains a mechanistic view 

of the human mind, and sees some aspects of people’s responses to risk as ‘biases’ (Joffe 

1996). For the purpose of this research the concept of risk will not be studied directly. 

Rather the focus will be on uncertainty (defined simply as the lack of knowledge) and 

attempting to examine how uncertainty contributes to decision-making. Further, influences 

on uncertainty such as types of knowledge, sources of knowledge and personal constructs 

will also be examined. Whilst this approach may be seen by some logical choice model 

theorists as simply filling in the ‘black box’ for those models, my aim for this study is not to 

fit this type of qualitative analysis into the formalised logical choice models. Rather, this study 

will examine alternatives for approaching adoption decision-making through a more 
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descriptive approach that does not necessarily have to later lead into a formal decision-

making routine.  

Joffe’s Social Representations Approach to risk pereption most closely meets the need of my 

approach to trying to understand the socio-cultural and psychological aspects of agricultural 

adoption and extension. However, SLR is an approach focused mainly at the level of the 

society and is deliberately not quantitative in approach. The former point does not meet the 

desires of this study to look at individual aspects of adoption, nor to ustilise a triangulation 

of methodologies that allow both qualitative and quantitative analyses.  

It has been argued that these disadvantages might be avoided through the use of Kelly’s 

personal construct theory. PCT will aid in the identification of the factors affecting producer 

decision-making and perceptions of various parasite management practices using both 

quantitative and qualitative tools. It allows for the representation of the individual’s personal 

construct system (or worldview) as well as providing an indication also of the broader social 

and cultural influences on this system. Whilst PCT provides both a theory and a tool for 

examining perceptions and worldviews at an individual level, it also enables qualitative and 

quantitative analyses of perceptions at a group level. PCT, as a theory of constructive 

alternativism, further suits the view of learning adopted for this study, which is that of an 

iterative process inluenced by past, previous and future perceptions and experiences – or as 

Kelly (1963) would say ‘people as scientists’.  

For these reasons, personal construct theory has been chosen as the methodological 

approach for the examination of the decision making processes that wool producers might 

go through in considering whether or not to adopt integrated parasite management. 

Although a robust methodology in the setting of clinical psychology, there have been only a 

handful of studies that have employed personal construct theory to producer decision-
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5.1 Introduction 

There are several themes arising out of the literature review, which I propose indicate areas 

requiring further research in relation to the extension and adoption of integrated parasite 

management of sheep. The aim of this chapter is to outline the themes identified and 

summarise why they merit further investigation in the form of this thesis. 

5.2 Themes Arising out of Literature Review 

Despite much research into agricultural extension and adoption, there is recognition and 

concern in the agricultural industry that adoption rates are low (Gibson 2007; Keen & 

Stocklmayer 1999).  A literature review of the history of agricultural research, development 

and extension (Chapter 2.0) highlights that a core issue is the development of innovations 

that producers feel they need, and which also match their management approach (Crawford 

et al. 2007; Fulton et al. 2003; Ison & Ampt 1992; Jennings 2005; Keen & Stocklmayer 1999; 

Kelly 2001; Kroma 2001; Lupanga 1995; Millar & Curtis 1997; Parminter et al. 2003; Röling 

1996; Vanclay 2004; Vanclay & Lawrence 1993). One of the potential causes behind the 

inability of agricultural innovations to meet producers’ needs, is the disparity between the 

perceptions and expectations of both producers and scientists. Further, both parties have 
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different knowledge sets and approaches to agriculture, which further complicates the 

development of producer-relevant research, development and extension. Given these 

differences between those developing innovations and those expected to adopt them, there 

appears to be a need to further study the influences on producer decision-making and their 

perceived needs. An important and practical aspect of this is to be able to make sense of the 

heterogeneity among farmers and their different styles of farming in a way that can aid the 

design of extension programs. Conversely, it would also be informative for further research 

to occur into the perceptions and expectations of scientists, and others involved in 

developing agricultural innovations, in order to more accurately pinpoint major differences in 

perceptions and expectations of agricultural research and innovations. I have identified three 

major themes that relate directly to the disparity between researchers and producers. These 

themes concern relatively different phases of the research & development-extension-

adoption (REA) process. 

The first theme involves the beginning of the REA process, Research and Development, and 

relates to the identification of issues for research and the potential differences in 

perceptions and expectations that may occur between researchers and producers. The 

differences relate to the different types of knowledge that researchers and producers bring 

to bear as part of the worldview employed to identify issues and problems. Theme two 

concerns the decision-making process at the producer level and relates to both extension 

and adoption. In particular this theme is concerned with influences on producers’ decision-

making that are not captured by the hierarchical decision-making models most frequently 

employed in agricultural economics. Finally, theme three revisits the work of van der Ploeg 

(1994) and Vanclay (Vanclay et al. 1998) and the idea that Farming Styles exist that can be 

used to identify broad categories of farm management with the intention of targeting 

extension to accommodate the different management styles utilised by producers. Each of 

the themes and their relevance to the literature and their importance to the field of 
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agricultural research and extension will be described below. The investigation of these three 

themes is guided by the four research questions detailed in Chapter 1. Including: 

• Are logical choice models of decision-making useful representations of the decision-

making process that producers can apply in a practical manner? 

• How can research into the adoption & extension of agricultural innovations benefit 

from a qualitative understanding of the psychological & socio-cultural aspects of 

decision-making? 

• Are personal construct theory and the repertory grid technique a useful 

methodology for investigating the psychological and socio-cultural aspects of 

agricultural adoption and extension? 

• What factors might impact upon the adoption of integrated parasite management for 

the control of worms in sheep, and what might be the variation in these factors 

across the population of sheep producers in south east Australia? 

This Chapter will outline the three themes identified in more detail. Section 5.3 will outline 

differences between researcher and producers, while section 5.4 will detail the approach 

being taken to the role of risk and uncertainty in producer decision-making. Section 5.5 will 

outline the approach taken to farming styles, and Section 5.6 will provide a summary of the 

major points made in this Chapter. 

5.3 The Divergent Knowledge & Research Expectations of 
Researchers and Producers 

The literature relevant to agricultural extension highlighted the problematic nature of the 

traditional top-down, diffusions of innovation approach to research and extension. As 
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indicated in Section 2.1 this type of hierarchical approach is embedded in the paradigm of 

Cartesian science and its accompanying recognition of scientific knowledge as the ‘one true 

knowledge’. Any other types of knowledge are typically viewed as secondary and potentially 

invalid. Producer, or farmer, knowledge falls into the category of, what in ethnography, is 

described as ‘local knowledge.’  As I indicated in Section 2.2, the knowledge of researchers is 

viewed as more objective and therefore more important than that of producers within the 

context of agricultural research and extension, and it is this invalidation of local knowledge 

and lack of producer participation in the R&D phase of agricultural innovations that results 

to some extent in the failure of research to meet producers’ needs. 

It has been recognised since the 1970s (Vanclay & Lawrence 1993) that the traditional model 

of extension is not effective and that there is a need to involve producers in the 

development of research and of extension programs. The direction of opinion and research 

in this areas has been toward the recognition of ‘local knowledge’ and alternative 

worldviews about knowledge and knowledge acquisition (Flora 1992; Gerber 1992; 

Kloppenburg 1991; Llewellyn et al. 2004; Marsh & Pannell 1999; Pannell 1999; Parminter et 

al. 2003; Röling 1996), or in adult education terminology the recognition of ‘prior learning’ 

(Foley 2004; Nesbit et al. 2004).  

Although the trend toward a more producer-influenced research and extension process is 

increasing, the influence of the traditional top-down approach is unmistakeable. An example 

of this is a Discussion Paper written by researchers in marketing as part of a funding 

application for a national research program for the sheep industry called the Sheep 

Cooperative Research Centre (Sheep CRC). The Sheep CRC is part of a program of 

Cooperative Research Centres funded by the Australian Commonwealth Government and 

industry bodies. According to the Commonwealth: “The Programme emphasises the 

importance of collaboration between business and researchers to maximise the benefits of 
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research through an enhanced process of utilisation, commercialisation and technology 

transfer” (Anon 2007). 

This document (see Sneddon & Barnett 2006) represents current thinking at the leading 

edge of extension design by researchers and research organisations. It purports to adopt a 

‘new philosophy’ towards research and development, and extension, including an ‘innovation 

pipeline’ approach meant to be more participatory. However, close inspection of this 

document reveals that the major change is a shift in focus of extension from the domain of 

technology transfer to marketing. This document continues to rely on Rogers’  ‘Diffusion of 

Innovations’ approach, with some modifications recognising that direct diffusion between the 

so-called ‘innovators’ and the majority of other adopters does not often occur. This is 

represented by the insertion of a ‘chasm’ between ‘Innovators’ and ‘early adopters’ on 

Rogers’ adopter continuum. Whilst a shift away from viewing extension as technology 

transfer, or a ‘diffusion’ process is welcomed, research organisations should be vigilant about 

ascertaining that the shift is not superficial and does indeed have a commitment to 

meaningful producer involvement in the research development and implementation process.  

5.4 Risk and Uncertainty – Investigating the Links in Producer 
Decision-Making 

This second theme involves issues relating to adoption and extension. Specifically, it looks at 

the influences on producer decision-making within the context of agricultural extension. 

Chapter 2.0 highlighted the importance of investigating the broader socio-cultural aspects 

affecting producer decision making, while chapter 3.0 highlighted the importance of risk in 

producer decision-making, particularly in the context of the hierarchical decision-making 

model typically used in agricultural economics. Chapter 3.0 also indicated that there is a 

move amongst agricultural economists away from a pure hierarchical decision-making model 

based on risk probabilities and utility theory, towards a more subjective model 
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encompassing risk perception and personal constructs (worldviews) (Gladwin 1979; Gladwin 

1980; Llewellyn et al. 2004; Murray-Prior 1994; Pannell 1999; Pannell et al. 2006). This 

section will examine the utility of Personal Construct Theory as a potential tool for 

investigating aspects of the decision-making model that require further examination with 

regards to agricultural extension. 

5.4.1 Personal Construct Theory and the Decision-Making Process 

As discussed in Chapter 4.0, personal construct theory (PCT) is an anticipatory, 

constructivist theory. It sees people as scientists and argues that people use their construct 

system to predict (a type of risk assessment) what will happen in the future and how they 

should react based on previous experience, or information gathered (Kelly 1963). Construct 

systems are comprised of meta-, super- and sub-ordinate constructs. Constructs may be 

discordant with each other but not cause issues since they exist along different construct 

paths. It is only when these constructs are forced into juxtaposition, for instance during a 

decision-making process, that the discordance becomes uncomfortable and requires 

resolution (reduction of cognitive dissonance). 

In terms of extension, when a new idea or practice is suggested to someone, it acts as a 

stimulant or challenge to their construct system and potentially to their current behaviour. It 

initiates a decision-making process. However before the new idea or practice makes it to 

the decision-making phase it encounters the construct system, and there occurs a mental 

process that analyses the general fit between the new idea or practice and the person’s 

construct system. The new idea might agree with current construct system based on current 

knowledge and the person might then decide to gather more information in order to make a 

risk assessment (assign probabilities) and make a decision based on the anticipated 

advantages and disadvantages and importance of the new idea to his construct and personal 

beliefs and desires. Alternatively, the person may find that they do not have enough 
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information to adequately assess the new idea (it may be something they have not had prior 

exposure to and so their current stock of information does not allow any judgement), or 

that perhaps the idea clashes with current constructs. At this point the person can decide to 

make a decision to ignore the new idea (does not fit construct system), or they might decide 

to find out more information as in the first instance. Assessment of the new information may 

confirm their original predilection to ignore the new idea, or they may decide they are 

satisfied with their information gathering, make a risk assessment and make a decision either 

for, against, or to gather even more information. Of course, the process described above is 

subconscious, as most people do not have ‘direct access’ to their attitudes, beliefs or 

subconscious analyses and tend therefore to use an inference process (Cooper 2007). In 

everyday life, people would experience this process as representing their opinions, personal 

outlook, knowledge, attitude or some other heuristic that describes for them how they view 

their current situation and any challenges or stimuli to this. 

However, examining the process within the theoretical framework of PCT, when measuring 

the new idea against the current construct system, the hierarchy of constructs becomes 

important since, a new idea posing a challenge to a higher order construct is less likely to 

successfully challenge the system enough to warrant information gathering and adoption of 

the new idea. At lower levels, the information gathering can be used to decide between any 

two competing or clashing constructs that may exist. Where this occurs, when a decision is 

made, both personal construct theory and cognitive dissonance theory may suggest that a 

person will automatically work on justifying their choice to reduce psychological discomfort, 

which may result in attitude change (Cooper 2007; Festinger 1957; Festinger 1964; Kelly 

1963).  
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5.4.2 Decision-Making Models – An Alternative Approach 

Given the potential of personal construct theory to play a role in better understanding the 

decision-making and extension processes, the question needs to be raised about where this 

theory fits into the decision-making models currently used in agriculture, as described in 

Chapter 4.0. As indicated above, PCT seems to be very important to the early stages of the 

decision-making process, and in particular during a pre-risk assessment phase in decision-

making that is related to the information-gathering phase prompted by a new challenge to 

the construct system (see Figure 5.1 below). This is similar to the eight stages of decision-

making described by Barr and Cary (2000) in relation to farmers’ adoption of sustainable 

agricultural practices. These eight stages are summarised below:  

• Anticipation of the problem. Producers identify that a problem exists, is serious, is 

likely to spread and will have an impact on them. 

• Recognition. Producers need to recognize that the issue is a management problem 

and how to identify it in their operations. 

• Gather information. Producers seek out information about the problem and options 

for management. 

• Consider options. Producers embark on a process of decision-making, weighing the 

pros and cons of alternative courses of actions. 

• Make a decision. Producers make a decision based on feedback from their social 

support network, such as family and peers. 

• Trialing. Producers may introduce a trial phase before whole-scale adoption of a new 

approach to management or the introduction of an innovation. 

• Implementation. Assuming the trial is successful, the producer implements the 

management option selected. Implementation may be affected by resource availability 

or other relevant factors. 

• Re-affirmation. The producer continually validates the success of implementation and 

makes adjustment to ensure success. 
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Although an eight-step process, the framework above includes feedback loops between 

implementation, and trialing, and the consideration of adoption. Further, Barr and Carey 

(2000) note that the trialing step may be skipped altogether. 

 
Figure 5.1. Proposed pre-risk assessment phase in the decision-making model 

In order for new ideas to be successfully extended to producers, accurate and convincing 

information must be available and target the range of constructs (or perceptions, opinions 

and attitudes) producers may have about a particular practice or concept (these constructs 

may also include those relating to the research organization and the extension agency or 

officer). Further in-depth research is required in order to identify these constructs. PCT 
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suggests that within a certain social group, the constructs should not be infinite (social 

corollary) and that the producers would have a specific range of convenience for these 

constructs (i.e. ideas and practices that these constructs are particular to) (Kelly 1963).  

This thesis will examine the traditional decision-making model used to determine producers’ 

risk attitudes and look at the broader influence of socio-cultural factors and psychology on 

producer decision-making based on the theories of personal constructs and cognitive 

dissonance. Further, this thesis will provide the opportunity to examine the case for a move 

to decision-analysis based more on risk perceptions, and suggest that there may be a need to 

look at an earlier stage of the decision-making process to investigate non-adoption. At this 

earlier stage, it is perhaps uncertainty (lack of knowledge) rather than risk that plays a role in 

the process of assessing an innovation. 

5.5 Revisiting Farming Styles – Indicators not Portraits  

Extension research by Vanclay, Mestiti and Howden (1998) has suggested that van der 

Ploeg’s (1994) concept of Farming Styles could be useful to examine the socio-cultural 

diversity of Australian agriculture. Though critical of van der Ploeg’s methodology and the 

actual tangible existence of Farming Styles that producers consciously identify with, Vanclay 

et al. propose that empirical data on how farmers manage their enterprises could be used to 

identify theoretical farming styles in much the same way as the marketing industry uses 

market segmentation to classify consumer behaviour. The benefit of this to extension lies in 

the acknowledgement of the heterogeneity in the farming community, and the ability to 

better target information to farmers using broadly different farm management styles. A 

nation-wide survey of sheep farmers has produced data enabling the potential classification 

of farming styles with regard to parasite management (Reeve & Thompson 2005). Further, 

more in-depth personal interviews have been conducted that may be useful in highlighting 

management approaches that help identify a typology of basic management styles.  
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Rather than focusing specifically on developing comprehensive farming styles in the way van 

der Ploeg (1994), Vancly, Mestiti and Howden have attempted (Vanclay et al. 1998), this 

thesis will propose instead the identification of management indicators which may be useful 

in identifying broader management styles. The idea is not to label producers in a negative 

way, but rather to look at ways in which extension professionals may be able to have a 

better understanding of their clients based on how the producer approaches management. 

This means, rather than labeling producers based on their likelihood to adopt e.g. are they 

‘late’ or ‘early adopters’, the management identifiers would provide an idea to extension 

professionals as to how best to approach the management style (not adoption likelihood) so 

as to encourage the presentation of innovations or new knowledge in a way that is most 

appropriate to the values and management style of the producer. This may mean that 

extension professionals take the time to investigate their client’s management practices in 

order to have a comprehensive understanding of the management approach and the socio-

cultural milieu in which it occurs. This is important because as previously suggested, 

producers exist in an occupation that in most cases is inseparable from their private lives. 

The key worm management style indicators could be used in conjunction with research into 

personal constructs, and even adult education learning styles to build a comprehensive 

personal profile of the producer prior to embarking on extension.  

Given the current focus on extension as a commercial enterprise and the identification of 

producers as ‘adopter segments’ in an increasingly privatised extension market, the effort 

required to develop an understanding of a client should be seen as a valuable investment in 

terms of improving adoption rates and thereby achieving better rates of return on 

investment into research and development. Furthermore, the investigation of producer 

profiles and farming styles will most likely confirm the differences that exist amongst 

producers, but may also lead to the of particular patterns of differences and the 

identification of key determinants of these patterns. The identification of patterns of 
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decision-making could be an important tool to extension efforts to better address the 

heterogeneity amongst producer approaches to decision-making but to also identify similar 

groups of approaches for which particular extension approaches can be developed.  

5.6 Summary 

This chapter has described the three major themes I have identified as being important to 

improving research, development and extension in Australian agriculture. These themes 

include issues with the difference between the knowledge brought to agricultural research 

by both researchers and farmers and the participation of producers in research and 

development process. Secondly, the lack of understanding about producers’ perceptions 

regarding management techniques and the exogenous socio-cultural impacts on decision-

making are a contributing factor to adoption. Finally, I have proposed the concept of 

identifying management styles or producer profiles could be a useful aid to extension 

advisors, especially given the current policies favouring privatised extension services.    

Literature in the area of agricultural extension, both in Australia, and particularly in 

developing countries, has highlighted that the participation of producers at the very 

beginning of the REA process is important to developing appropriate research projects that 

meet producer needs, and thereby good adoption rates. Producers and scientists bring 

different knowledge, skills, and socio-cultural elements to agricultural research, development 

and extension. The differences between producers and scientists needs to be acknowledged 

and further explored in order to improve the development of research projects that result 

in technology or practices that are relevant to producers’ management approaches and 

farming lifestyle. This requires investigation of producers’ and scientists’ perceptions of 

farming problems and their expectation of research solutions. It also requires better 

integration of producer knowledge and ideas into the research development process where 

appropriate. This might include at the scoping stage looking at areas of concern to an 
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industry; and at the trial phase, where appropriate, so that any technologies or practices can 

be ‘proven’ to work in a variety of situations. Adoption problems are commonly seen as 

originating with the producer, but a lack of producer involvement in research design has also 

resulted in the new technologies or practices being the problem, rather than the producer, 

because these innovations do not meet producer expectations; do not address a relevant or 

pressing problem as perceived by the producer; or do not suit the producer’s management 

approach or lifestyle, personal goals and beliefs (socio-cultural factors).  

A Delphi-process with the key IPM-s researchers was conducted prior to conducting focus 

groups and personal interviews. The aim of working with the researchers was two-fold. In 

the first instance I wished to build an idea of what aspects of farm management the 

researchers considered necessary for Australian sheep producers to implement effective IPM 

systems. The aspects included knowledge, practices and tools. In some instances, the 

researchers also nominated what are considered personality traits or ‘disposition’, such as 

‘open to new sources of information’. 

The second aim of the Delphi process was to try and establish how researchers approached 

parasite management (as reflected through their list of knowledge, practices, tools and 

personality traits) in order to attempt to pinpoint any key differences to the way producers 

approached parasite management (which would be garnered from the focus groups and 

personal interviews). This represents an attempt to try and categorise key differences in 

approaches that may be impacting on the way research is developed and then later extended 

to producers. Such impacts could include things that act as impediments to the uptake of the 

research outcomes by producers.  

Commensurate with the above, is the lack of understanding about how socio-cultural factors 

impact on decision-making. Current hierarchical decision-making models used in agricultural 
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economics, while acknowledging that decisions involve subjectivity on the part of the 

decision-maker, do not actively include an understanding of the socio-cultural factors 

contributing to this subjectivity. Adoption as part of a farming enterprise is much more than 

a decision about increasing productivity or efficiency, there is a case to be made for the 

impact of lifestyle factors, personal beliefs and goals, habit, and management styles on 

decision-making. There are tools that can be used to investigate people’s beliefs and 

management styles in order to create a more holistic view of the producer, and to identify 

the potential impact and direction of socio-cultural factors on adoption decisions. It is useful 

to understand the key determinants of how people make decision as this will not allow the 

identification and acknowledgement of differences between producers, but also the potential 

identification of patterns of decision-making and the creation of a typology of these patterns.  

The goals of this research, as first detailed in Chapter 1, are re-stated again here for 

convenience. 

• Are logical choice models of decision-making useful representations of the decision-

making process that producers can apply in a practical manner? 

• How can research into the adoption and extension of agricultural innovations benefit 

from a qualitative understanding of the psychological and socio-cultural aspects of 

decision-making? 

• Are personal construct theory and the repertory grid technique a useful methodology 

for investigating the psychological and socio-cultural aspects of agricultural adoption 

and extension?  

• What factors might impact upon the adoption of integrated parasite management for 

the control of worms in sheep, and what might be the variation in these factors across 

the population of sheep producers in south east Australia? This includes understanding 

the differences between researchers and producers in beliefs as to what knowledge 

and skills are required for competent management of parasites in sheep. 
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The vehicle for exploring these goals is through the investigation of Australian wool 

producers and the integrated parasite management in sheep (IPM-s) project funded by 

Australian Wool Innovations Ltd, a Commonwealth Research and Development 

Corporation that funds research and market development in the wool industry. Methods of 

investigation include a nationwide survey of commercial woolgrowers conducted in 2004; a 

Delphi process with researchers on the IPM-s project; focus groups in selected study areas 

within Victoria and New South Wales; and finally, personal interviews in these study areas. 

These methods are described in more detail in Chapter 6.0. 
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Chapter 6 Methodology 

6.1 Introduction 

6.2 Benchmark Survey 

6.2.1 First pilot survey 

6.2.2 Second pilot survey 

6.2.3 Main Survey 

6.3 Modified-Delphi Process 

6.3.1 Introduction 

6.3.2 Researcher Expectations 

6.4 Focus Groups and Personal Interviews: Selection of study areas 

6.2 Producer Focus Groups 

6.2.1 Introduction 

6.2.2 Focus Group Sampling Strategy 

6.2.3 Focus Group Process 

6.3 Personal Interviews 

6.3.1 Introduction 

6.3.2 Sampling Strategy and the Interview Process 

6.4 Summary 
 

6.1 Introduction 

The methods utilised for this dissertation are designed to elicit as fully as possible the 

perceptions that sheep producers have about aspects of, or practices associated with, 

parasite management for sheep. As has been stated in Chapter 2, researchers tend to make 

assumptions about the relevance and utility of their work that may not be commensurate 

with producers’ needs or expectations. Some of these assumptions relate to the 

acceptability and relevance of any new technology or practice to the end-users: producers. 

Llewellyn et al. (2007) found for instance in their study of integrated weed management, that 

information-related factors are highly important to adoption. In the context of this study, 

sheep producers are being encouraged to adopt less chemically reliant parasite management 

practices under a project entitled Integrated Parasite Management in sheep (IPM-s). The 

goals for this study have been detailed in Chapters 1 and 5, but stated broadly, are related to 
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understanding producers’ perceptions of IPM-s practices; identifying the differences in 

knowledge types utilized by producers and researchers; and identifying and investigating the 

impact of, psychological and socio-cultural factors affecting producer decision-making. 

As discussed in Chapter 4, there are two dominant ways to approach risk and uncertainty, 

the main factors believed to influence producer decision-making, including quantitative and 

qualitative approaches. The former, as used in traditional risk or decision analysis work, is 

based on probabilities and assumptions of subjective expected utility – also called logical 

choice models (Anderson et al. 1977; Hardaker et al. 2004; Kahneman & Tversky 1979; 

Tversky & Kahneman 1986). The latter, more appropriately termed risk perception, focuses 

on the cognitive and socio-cultural aspects of risk as experienced by individuals or societies. 

Individual, societal perceptions of risk are not necessarily related to expected utility or 

probabilities of occurrence, but are frequently related to life experience within the particular 

society that a person functions. This study seeks to take a qualitative approach to 

investigating factors affecting decision-making, and to investigate the role of uncertainty 

rather than risk. Further, the use of the selected methodology will aid in the investigation of 

how useful qualitative approaches can be to identifying factors influencing decision for the 

adoption of agricultural innovations. 

As this study focuses on the psychological and socio-cultural influences of producers’ 

decision-making, the methods necessarily involve both quantitative and qualitative 

techniques, which has enabled a certain degree of triangulation in the methodology. The 

main interview method uses a technique from the psychology of personality and to a large 

extent is grounded in the relevant theory of Personal Construct Psychology, though not as 

applied in a clinical setting. 
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In order to accomplish the aims detailed above, three main survey methods were used that 

allowed both qualitative and quantitative analysis. These include: 

• a postal survey of Australian commercial sheep producers, 

• a modified Delphi process with the IPM-s researchers; 

• focus groups with sheep producers in Victoria and New South Wales (NSW); and 

• personal interviews based on a repertory grid format with sheep producers in Victoria 

and NSW. 

This chapter outlines how the study areas were selected, the sampling process, and the 

research design process for the three methods employed. 

6.2 Benchmark Survey 

The benchmark survey was developed in consultation with representatives of the regional 

teams of all of the institutions involved in the IPM-s project. Preparation of the survey 

included two pilots, followed by the main questionnaire and finally, a follow-up 

questionnaire. An outline of the process is provided below, much of which has been taken 

directly from the report for the sake of convenience. More detailed information regarding 

treatment of, and problems with, the data is available in the 2004 Benchmark survey report 

(Reeve & Thompson 2005), which is provided in Appendix E.  

6.2.1 First pilot survey 

A pilot questionnaire of 300 was sent out in May 2004 to four regions, including New 

England, Southern Queensland, Victoria and Western Australia. Addresses were chosen 

from a database of rural addresses selected randomly from Australian Federal Electoral 
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Rolls. Addresses within this database were selected according to areas within each region 

identified as being within a ‘sphere of influence’ of the programs being run by regional IPM-

sheep project managers. Postcodes deemed to fall within these areas provided the basis for 

the random selection of addresses from the Electoral Rolls. A response rate of 24.5% (85 

surveys) was achieved - this figure includes those who were ineligible (i.e. they had less than 

500 sheep), as well as those who completed the survey. Eight completed surveys were 

received in total (response rate from 300 of 2.6% or 10% of those returned).  

A short form was sent out on 4 June to all addresses from which no response had been 

received. Those who had responded as either ineligible or RTS were not included in this 

mail-out. The abbreviated one-page survey aimed to provide information as to whether the 

low response rate was due to a low proportion of wool producers in the sampling frame, or 

whether the low response was due to the questionnaire content and format discouraging 

responses. In addition, a number of non–respondents in WA and Victoria were telephoned 

shortly after the short survey was sent out. This revealed some issues that may have affected 

response rate. In particular, respondents in WA indicated that they were finalizing their 

seeding operations and non-vital mail had not been looked at for several weeks. A similar 

situation occurred in Victoria, and it was also noted that several Victorian addresses had 

received two surveys from IRF in error - the other being one on foot-and-mouth 

preparedness, which was filled out in preference to the IPMS survey as is was smaller. The 

short survey form achieved a response rate of 22% (48 of 218) by 25th June. Important 

feedback was also received via e-mail from one respondent phoned as part of the pilot 

follow-up, and his comments were incorporated into the new version of the questionnaire. 

 

6.2.1.1 ANALYSIS OF THE FIRST PILOT SURVEY 

The completed surveys were relatively well filled in, with most responses indicating that the 

questions were easily understood, though some required reworking (e.g. Q6, Q11). Several 
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of the more detailed questions were frequently skipped or poorly answered (Qs 9, 10, 18, 

26 & 34). There was no negative feedback regarding length or format of the survey, however 

the low response rate to the pilot was taken as an indication of this. The response to the 

short survey suggested that the length and format of the full questionnaire was reducing 

response rates. This was indicated by several factors, including: 

• the more immediate initial response to the short survey; 

• the response of wool producers with well over 500 sheep to the short survey but not to 

the full questionnaire used in the pilot; 

• indication from the same producers that they regarded IPM as being applicable to their 

property. 

To reduce the perceived length of the questionnaire, the format was changed back to that 

originally specified by IRF, an A5 booklet. In consultation with the IPM-s Board of 

Management, the survey content was altered, with several questions that were too complex 

and time consuming to answer, removed. Other questions were rearranged to make them 

easier to read and answer. Further, approval was sought from AWI to use its levy-payers 

database. A request was placed on 21 June 2004 and the database was received on 23 

August. 

 

6.2.2 Second pilot survey 
 

The second pilot using the new questionnaire content and formatting in A5 booklet form 

was sent out to 300 sheep farmers using the AWI database from 27 August 2004. This 

second pilot achieved a response of 36 completed surveys in the first two weeks. On the 

basis of this relatively quick response compared to the first pilot, and without analysis of the 
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results, it was decided to proceed with the main survey. Time was a factor affecting the 

decision to proceed, as well as the knowledge that the AWI database was being used and it 

was assumed that the target audience was being achieved. The prompt response indicated 

that the new format was not a problem. An initial analysis of the first 25 completed surveys 

confirmed that most respondents were able to understand the questions (by filling them in 

correctly) and that most questions were not problematic (since a majority were answered 

by most respondents). A total of 36 completed surveys were eventually received to the 

second pilot. 

6.2.3 Main Survey 
 

The addresses provided in the AWI database were from a list of postcodes provided by 

myself to AWI. These postcodes were selected, as before, on the basis of the regions of 

influence indicated by the IPM-sheep regional project managers. Addresses were sorted by 

State and region basis (QLD, New England, NSW, VIC, SA & WA), then assigned random 

numbers. Due to there being less than 1500 addresses (the target number per state) in QLD 

(383), SA (751) and New England (728), all addresses provided by AWI were used in these 

areas. In NSW, VIC and WA the first 1500 addresses were selected from the randomised 

list (excluding any addresses used in the pilot). A total of 6362 addresses were selected. 

The first surveys were sent out from late September 2004 over a period of several weeks, 

with surveys being sent to WA addresses later in the period. Reminders were sent out 

during the week beginning 25 October 2004 to New England, QLD, NSW, VIC and SA, with 

reminders sent to WA addresses the week after. A short one page letter and questionnaire 

(short survey) was developed in consultation with the IPM-s board of management members 

and sent out from 25 November 2004 to those who had not responded at this time. This 

was done in order to encourage non-responders to answer just a few key questions from 
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the main questionnaire so that it was possible to analyse the extent to which there was non-

response bias in the data from the full questionnaire.  

Data from the surveys received up until 10 February 2005 was included in the analysis. 

Surveys received after this date were entered into the survey database and the data were 

used in the analysis and report that follows the second report to AWI. The total number of 

geographically locatable responses from respondents with 500 or more sheep in 2003 or in a 

typical year was 1342 full surveys and 961 short surveys (see Table 6.1 for a regional 

breakdown of responses). 

Table 6.1. Survey response rates for the main questionnaire and the short one-page 
questionnaire (Source: Reeve & Thompson 2005) 

Region Response rate – full 
questionnaire 

(%) 

Response rate – full 
questionnaire 

together with short 
questionnaire 

(%) 

QLD 33.5 51.3 

New England (NSW) 35.7 56.5 

NSW (remainder) 31.0 54.9 

VIC 34.3 55.6 

SA 37.3 56.5 

WA 20.3 42.1 

TOTAL 30.4 52.3 

The section following will outline the Delphi process undertaken with the IPM-s research 

teams. These were the same teams who were consulted on the design of the benchmark 

survey. 
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6.3 Modified-Delphi Process 

6.3.1 Introduction 

A process was required for gaining a basic understanding of researchers’ expectations of 

farmers (in list form) as well as an initial list of what producers perceived to be problematic 

aspects of IPM-s. Both lists were used to help design the focus groups and personal 

interviews for producers. A Delphi process was selected for investigating the expectations of 

the IPM-s researchers primarily because of the large geographical distances between 

members of the research team. The IPM-s project has researchers in four of the six 

Australian states, representing distances up to some 4,000 kilometres. Given the traditional 

reliance of the Delphi process on distance communication rather than face-to-face 

communication, this technique fulfilled the requirement of bridging the spatial distances 

between research team members and myself. Further, the purposes for which the Delphi 

technique was originally designed are complimentary to the purposes of this part of the 

project. 

The Rand Corporation originally devised the Delphi method in the 1950s for use in 

technological forecasting; hence its traditional use was as a forecasting and predictive tool, 

though not just in technology. More recently it has been used in evaluation, competency 

identification in the workplace, problem solving, prioritisation exercises and curricula 

development (Cline 2005; Custer et al. 1999; Garavalia & Gredler 2004). 

According to Dunham, “The purpose of the Delphi technique is to elicit information and 

judgments from participants to facilitate problem-solving, planning and decision-making” 

(Dunham 1996, p. 1). Given that these are indeed the aims of this project, the technique is 

from this perspective suitable for my purposes. Dunham (1996) also maintains that the 

technique obtains the best information from facilitated group processes, whilst avoiding the 
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pitfalls of group problem-solving since everyone is invited to participate anonymously and 

individually. This is a view supported by Garvalia and Gredler (2004), who also highlight the 

creativity of the Delphi process. They maintain that this is facilitated by the data collection 

occurring with “minimal leading by researchers” (p. 375) and is an “iterative process that 

demonstrates to participants how their ideas and opinions are being utilized in the research 

process” (p. 375), as well as providing an opportunity also for participants and researchers 

to meet in an atmosphere of “good will” (Garavalia & Gredler 2004, p. 379). The iterative 

process through the use of several rounds (typically three) that involve a group of people 

also allow participants to be reflective about their contribution without direct group 

pressure. 

The Delphi Method is typically conducted anonymously and completely through distance 

communication (e.g. via post or more recently, fax and e-mail) (Custer et al. 1999; Garavalia 

& Gredler 2004). It can also be modified in a rotational manner to allow for information 

collection from large data sets (Custer et al. 1999). 

For this research I chose to use a combination of two rounds, plus validation rounds, and 

some individual consultation. The first round is designed to give the participants an 

opportunity to familiarise themselves with the topic – namely the knowledge, skills and 

practices (KSPs) related to integrated parasite management - while the second round is 

designed to allow the selection of a more definitive list of the KSPs most important to IPM-s. 

A formal compilation of responses into a list to be presented to producers is the final result 

of this process. 

It was hoped that this process will have several positive benefits, including more in-depth 

responses and reduced group pressure than at a focus group, as well as allowing the 

researchers to participate in a group process without having to travel or donate time to a 
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formal focus group meeting. The latter was important due to the geographical distances and 

busy research schedules of the IPM-s researchers as outlined above. 

6.3.2 Researcher Expectations 

6.3.2.1 WHY STUDY RESEARCHERS? 

This aspect of the research is designed to gain an understanding of what the IPM-s project 

leaders and researchers expect from sheep producers adopting an IPM approach to sheep 

parasite management. I consider it important to understand the researchers’ expectations 

because this should allow some comparison between the producers’ and researchers’ 

perceptions of integrated parasite management practices and aid in the identification of KSPs 

that may require greater extension efforts by the IPM-s program due to the way producers’ 

perceive them. 

Understanding what researchers expect producers to do in order to successfully implement 

IPM on properties was also expected to help when devising questions for producers about 

how practical, relevant and ‘doable’ they think IPM is. Further, it was expected to provide 

the researchers with valuable feedback about where their expectations may be to high or 

low, depending on the results from producer focus groups and interviews. This may provide 

for better project planning in the future as well as inform the ‘target areas’ for an IPM-s 

extension program and identify potential ‘barriers’ to participation in IPM-s at the research 

end. 

6.3.2.2 MODIFIED DELPHI PROCESS 

As indicated above, there are IPM-s project teams in Queensland (QLD), NSW, Victoria and 

Western Australia (WA). It is expected that the Delphi process will be able to 

accommodate  regional differences in responses, since some of the IPM-s techniques and 

treatment timings are different based on regional variations. The process was expected to 
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comprise two sessions conducted via e-mail, and some personal consultations, which  would 

involve the Armidale researchers only due to location difficulties. Project leaders were 

informed of the need for their participation at a Board of Managers held by the project in 

Sydney on 20 June 2005. 

6.3.2.3 MODIFIED DELPHI ROUNDS 1 AND 2 

Two members from each of the IPM-s regional research teams were invited to participate 

and submit a list of skills and practices that they expect producers implementing an 

integrated parasite management system to have. The initial invitation e-mailed to the 

researchers explained the Delphi the process, and was also sent with question one (the list 

request).  

There are five basic steps to conducting a Delphi process and these are detailed below: 

1. E-mail first-round questions and explanation to participants. 

2. Compile responses and categorise those that are similar. 

3. Send verification round of compiled responses to participants for further comment. 

4. Send Second-round e-mail asking for ranking of importance of practices and tools and 

categorisation of more specific practices under broader categories. 

5. Send verification round to confirm compilation of Round Two results. 

Further details, including time frame are included below: 

A period of 3 weeks was allowed for a response to Round 1. This Round contained the 

following question for researchers to consider: 
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What practices and skills do you expect farmers adopting IPM-s in your region to 
have or to learn? 

A practice is defined as an accepted method or standardized activity. 

A skill is defined as an ability to perform a task or practice effectively. 

Once all responses were received, the lists were examined and collated according to the 

number of similar items listed. The collated list was sent back out to researchers for their 

comments, verification of accuracy and representativeness, and any new items. Researchers 

were also asked to indicate whether they considered the items listed to be practices or skills 

or knowledge. Two weeks was allowed for these comments. 

In between Rounds 1 and 2, the IPM-s researchers released a list of key elements as part of 

their work on the IPM-s web site, which was yet to be launched. Following Round 1, and 

after consulting with the lead researchers in Armidale, I was able to compile a list of six 

broad management categories reflecting the key areas of knowledge, practices and skills 

contained in this key elements list (see Table 6.2).  

Table 6.2. List of ten broad categories from researcher’s Round 1 Delphi list 
NO. CATEGORY  

1 Parasite Information 
2 Chemical Information and Use 
3 Monitoring and Management Activities 
4 Grazing Management 
5 Breeding 
6 Nutrition 

This list, which effectively represented a list of broad parasite management categories, was 

presented to the researchers as part of Round 2 along with a list of some 86 KSP items that 

they were asked to assign to one of these 6 broad categories. The worksheet presented to 

the researchers also divided the categories into the relevant parasite affected, including , 

worms, blowflies, lice and not parasite-specific. 
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Following the completion of Round One, I was also able to identify 22 broad categories 

representing the main strategic approaches to a parasite management area. As part of Round 

Two each researcher was given 3-4 higher order categories for which they were asked to 

assign the individual knowledge, practices and skills that were required to achieve fulfillment 

of the higher category. More specifically, as part of the second round of the Delphi process, 

researchers were asked to complete two tasks: 

1. Confirm that the list of key IPM-s elements to be placed on the web site was 

represented by the list of six compiled categories in Table 6.1; and 

2. Complete several worksheets to assign the knowledge, skills and practices required to 

meet the 22 strategic management approaches identified in Round 1 and the Verification 

round.  

Table 6.3 lists the strategic management approaches included in this list: 

Table 6.3. List of strategies for consideration by researchers for Delphi process 
LIST NO. STRATEGY 

1 Have a planned strategy for maintaining drench efficacy on farm using various 
techniques. 

2 Monitor WEC strategy. 
3 Use WEC to determine drench strategy. 
4 Use WEC history of paddocks for setting weaning and lambing paddocks. 
5 Able to implement Smart Grazing (VIC) or rotation grazing (NSW). 
6 Grazing management – able to carry out sheep/cattle interchange. 
7 Nutrition – Able to identify supplementation strategies. 
8 Have a Quarantine strategy. 
9 Develop blowfly strike prevention strategy. 
10 Able to undertake strategic and tactical application of insecticide (lice). 
11 Have blowfly strike management strategies to minimize fly population. 
12 Appropriate use of insecticide for managing resistance (lice). 
13 Strategic timing of crutching and shearing. 
14 Management to minimise scouring. 
15 Investigate source of any lice infestation. 
16 Appropriate use of insecticide – withholding periods, resistance management etc. 
17 Ability to manage sheep well under conventional management. 
18 Have well developed risk management strategies that provide flexibility for 

stocking rates in uncertain seasons. 
19 Treat for parasites only when monitoring and/or planning indicates a genuine need. 
20 Ability to integrate parasite control into farm management program. 
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21 Minimise sheep deaths and weight loss through acceptable drenching program. 
22 Sufficient knowledge of parasite biology to make considered management 

decisions/choices. 

A full list of all 86 items can be found in Appendix B. The list of 22 strategic items was based 

on responses to represent the main strategic approaches identified by researchers, and this 

list was presented to sheep producers during focus groups in Victoria and the New England 

region of NSW. The focus groups are discussed below.  

6.4 Focus Groups and Personal Interviews: Selection of study 
areas 

The choice of study areas represents an attempt to capture perspectives from major wool 

growing regions in Australia, matched with the necessity to limit geographical distances due 

to time and cost issues. The study areas for the focus groups and personal interviews were 

based on two major factors: 

1. The identification of major wool growing regions in Australia, according to AgStats data; 

and 

2. The identification of areas of high response rates to the 2004 IPM-s benchmarking 

survey.  

A map of AgStats 2002 data showing density of sheep per hectare in Australia is provided 

below (Figure 6.1). Figure 6.2 shows the response rates to the Benchmark Survey sent out in 

2004.  
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Figure 6.1. Density of Sheep per hectare in Australia. 

From AgStats (2002) 

 
Figure 6.2. Regions in which benchmark survey respondents were located.  

From Reeve and Thompson (2005). 
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As can be seen from Figures 6.1 and 6.2 the selection of samples for the Benchmark Survey 

was also based on AgStats data indicating the highest density of sheep for each sheep 

production region in Australia, hence the selection of focus groups is closely aligned with 

both datasets. Addresses for the Benchmark Survey were sourced from the Australian Wool 

Innovation Ltd database for wool levy-paying members. 

6.5 Producer Focus Groups 

6.5.1 Introduction 

The purpose of the sheep producer focus groups was to investigate the knowledge, skills 

and practices (KSPs) producers see as relevant to parasite management, as well as allowing 

comment on the list produced by the IPM-s researchers. The focus group process was also 

designed to help identify any aspects of IPM-s that farmers viewed as risky, problematic or 

impractical. As stated above, producers’ views were to be contrasted against the 

researchers’ expectations in order to identify any significant differences and potential 

impediments to adoption of integrated parasite management for sheep. This was examined 

from the perspective of knowledge types used by the two groups. This approach was taken 

due to in some part to the paradigmatic issue of valid knowledge types identified in Chapter 

2. The focus group component provided participants with access to the researcher’s views 

on parasite management. Further, since producers in particular are often overburdened with 

requests to fill in survey forms, it was expected a more personal process would prove more 

comfortable for sheep producers. 

Focus groups have been used extensively in farm research, and specifically for gathering 

information about farmer perceptions of risk in the safety arena (Sandall & Reeve 2000; 

Sandall et al. 1997). Studies by Sandall et al. (1997) and Sandall and Reeve (2000) utilised 

focus groups to “elicit information about the sorts of attributes that farmers use to make 
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judgments about the seriousness of particular hazards” (Sandall & Reeve 2000, pp., 1), this 

group work was then used to inform the design of personal interviews of some 140 farmers. 

The focus group method used structured group exercises as well as open discussion. The 

benefits of the focus group were in using the group to help participants “explore and 

express their own ideas” (Sandall & Reeve 2000, pp., 5), as well as to facilitate a mix of 

“individual self reflection, general discussion of views, and critical reflection by the group as a 

whole” (Sandall & Reeve 2000, pp., 5). As indicated earlier, the focus group was used in a 

similar way during this research to elicit a series of perceptions relating to the KSPs required 

for integrated parasite management. The compilation of a list of perceptions such as this 

allows a more in-depth exploration of these areas during personal interviews. The focus 

groups were fully transcribed and a report was written to summarise each focus group. 

These reports are provided in Appendix A. 

6.5.2 Focus Group Sampling Strategy  

Producers in the regions involved in the IPM-s project were purposely selected to 

participate in a focus group. In Victoria, the two focus groups were formed of existing Best 

Wool groups, one of which had been together for about one year, and the other an 

established group that had been running some ten years. The groups were initially contacted 

through their group leader, who was provided with information to present at a meeting 

where the group could decide whether they would like to participate. 

As there were fewer established groups such as BestWool operating in the New England 

area of NSW, a different sampling strategy was applied. This included random sampling of 

producers on the AWI Ltd producer list within the relevant New England postcodes. Letters 

of invitation were sent out to 24 randomly selected addresses in each postcode area and 

follow-up phone calls were also made. 



- 156 - 

6.5.3 Focus Group Process 

Each focus group was conducted as near to possible in the same way, although the first focus 

group, despite a trial of the process, suffered from some minor problems with materials and 

timing issues, however these were successfully corrected for the remaining three groups. 

Each focus group was expected take about three hours and producers were asked a series 

of questions requiring group participation throughout.  The process was divided into three 

major segments, which addressed different aspects of the information that I wished to elicit 

from the producers. The focus groups were recorded to ensure accuracy in line with normal 

focus group procedure (Krueger 1998). Each component is described in more detail below 

6.5.3.1 FOCUS GROUP COMPONENT ONE 

The first section asked producers to nominate KSPs that they thought were necessary to 

control parasites in sheep. This including things they just knew of, and KSPs they used or 

were intending to use on their property. Answers were written individually on paper 

provided to the producers and myself and the other focus group leader then collected these. 

The producers were then asked to help group the items into categories of their choosing – 

usually roughly based on parasite type or management practice. In the first focus group the 

items were stuck up on a wall, however due to cold and condensation issues in later focus 

groups a computer was used with the items typed into a spreadsheet in real-time which was 

projected onto a wall or screen. This had the added advantage of allowing producers more 

flexibility with altering wording and moving items around between categories with minimal 

shuffling and movement on behalf of my assistant and myself. Once the list was compiled, 

producers were then asked to prioritise the items from most important to least important 

to their parasite management. 
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6.5.3.2 FOCUS GROUP COMPONENT TWO 

The second component of the focus group involved the producers being given the list of 22 

strategies nominated by the IPM-s researchers as being important to integrated parasite 

management for sheep. Producers were allowed time to review the list and were then asked 

to look at which items on the researchers list had also been mentioned in their list. This 

provided an opportunity for producers to instantly not items they had missed. In some cases 

producers provided explanations as to why items had been missed (e.g. some of the 22 

items seemed implicit to what producers did normally, they just did not think to articulate 

that they did this). Producers were asked to prioritise the items on the researchers list as 

most and least important to their parasite management. 

6.5.3.3 FOCUS GROUP COMPONENT THREE 

Where time allowed, producers were also asked to comment on how easy or difficult the 

items on the list were to implement as part of their parasite management approach. As this 

component was not considered as important to the process, it was typically left until the 

end. Producers’ comments varied in complexity, though frequently time, labour and costs 

were nominated as the main impediments when this section was completed. Typically, 

producers were tired by this stage of the process and responses did not generally  appear to 

be well thought out. 

6.5.3.4 FINALISING THE FOCUS GROUPS 

Following completion of the focus groups, topics for consideration as part of the personal 

interview were narrowed down to the parasite identified as being of most concern to both 

researchers and producers. This was obtained by doing a frequency count of the items most 

frequently mentioned. Based on this frequency count it became evident that KSPs related to 

worm management were most common (see Chapter 7 for further details). Further, the 

focus groups were analysed to investigate aspects of, or impediments to, management. These 
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aspects and impediments were then drawn upon in selecting constructs for use in the 

personal interviews. (see Chapter 7 for further detail). 

6.6 Personal Interviews 

6.6.1 Introduction 

The purpose of the personal interviews was to deepen the understanding of producers’ 

perceptions of worm parasite management practices for sheep. Based on the literature 

review conducted, and particularly that related to decision analysis and risk perceptions 

(Chapter 4), and the results of the focus groups, a focus was placed on ascertaining 

perceptions related to overall proven benefit, sense of control, financial benefit, production 

benefit and level of comfort using the selected KSPs. I would argue that understanding these 

aspects of particular worm parasite management KSPs will not only confirm the identification 

of significantly challenging aspects of the IPM-s program (particularly as it relates to worm 

management), but also to aid in understanding why these are perceived as risky or as 

impractical or not of benefit. As indicated in Chapter 4, the method selected for the 

personal interviews was the repertory grid. The grid was modified however to suit the 

purposes of this study (see below) and several open-ended questions were asked to gain 

demographic information and information related to the KSPs currently used by producers 

for worm management. 

6.6.2 Sampling Strategy and the Interview Process 

6.6.2.1 SAMPLING STRATEGY 

Permission was obtained to use Australian Wool Innovation Ltd’s database of wool 

producers as for the Benchmark Survey and Focus Groups. Addresses from two major 

regions in Victoria and New South Wales were obtained from this database, including for 

postcodes in the Ballarat and Hamilton regions in Victoria, and the New England region in 
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NSW. The importance of these regions was established using ABS data for sheep producer 

density and sheep numbers, as well as using the results from a Benchmarking survey 

conducted for the IPM-s project in 2004 (see Figures 6.1 and 6.2 above).  

Addresses were selected randomly by choosing every 10th address from the list within each 

selected postcode area. An initial list of 80 people was selected from each region. An 

iterative process was used to add to this list in order to achieve the desired number of 30 

or more interviews. A total of 31 interviews in each of Victoria and New South Wales were 

conducted. 

6.6.2.2 INTERVIEW PROCESS 

Responses obtained from both the researcher Delphi process and the producer focus 

groups were used to develop the elements and constructs for a personal interview based on 

the repertory grid technique. The aim of the interviews was to elicit the underlying bases of 

risk perceptions and/or areas of uncertainty about the IPM-s Knowledge, skills and practices 

presented as elements. The focus groups highlighted the major categories of concern to 

producers with regards to parasite control, while the Delphi process helped to define 

researchers’ expectations. 

The interviews, as already stated, sought to verify these areas of concern and elicit any 

underlying constructs that could impact on how the perceptions of risk and areas of 

uncertainty can be identified and minimised or alleviated during the extension process. 

A five-step process that was used to organise the interviews is detailed below (copies of 

information sheets and invitations can be found in Appendix C: 
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1. Invitations sent to potential interviewees, including explanation of process and question 

regarding their exposure to or understanding of IPM-s. Interviewees asked to specify a 

good time to call them to arrange an interview time on a reply sheet. 

2. Follow-up phone calls made to potential interviewees to set an interview date and time. 

3. Interviews conducted in Victoria and NSW, with results verified during interview. 

4. Missing or confusing information identified during analysis followed up through a phone 

call to relevant interviewees. 

5. Participants sent a copy of their grid and an executive summary of the report. 

Interviews were conducted in Victoria through September-October 2006, whilst interviews 

in the New England region were conducted from November 2006 through January 2007.  

Interviews included a digital recording, informal notes and completion of the repertory grid. 

All notes were transferred to a database for easy reference. 

The interview started with two open ended questions designed to both allow producers to 

identify with the subject of parasite management, as well as to collect information about 

practices they currently use or don’t use. Information was also collected about the factors 

that producers take into account when making decisions on their property to adopt a new 

innovation or try something new (e.g. a new practice). These questions were followed by 

the repertory grid process itself, with producers introduced to the idea of rating the 15 

Elements along the five Constructs provided by being asked to review the list of Elements 

and then suggest their own constructs (see Chapter 4 for an explanation of the repertory 

grid method). Producers were then asked to provide ratings along both their own and the 
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provided constructs. A five-point rating score was used, with interviewees also given the 

option of a ‘not applicable’ response, which was scored as a zero. 

The list of 15 Elements comprised knowledge, skills and practices related to worm 

management. Several of the elements (e.g. related to Drench Resistance Testing - DRT) 

represented gradations in the frequency of practice use as might be found in an ordinal scale 

of practice frequency. This is in contrast to other elements, which represent a single practice 

and do not imply any particular frequency of use of that practice. The introduction of 

elements with gradations in practice frequency does not necessarily mean that some of these 

elements are redundant, differing from each other only in degree. From the focus group 

discussions, it was apparent that there were likely to be large differences in the rationale 

underlying adoption or non-adoption of various frequencies of use of the practice. In this 

respect, these elements were similar to those representing a single practice. The list of five 

supplied constructs is presented in Table 6.2 while the list of 15 elements is presented in 

Table 6.3. 

Table 6.2. List of Constructs presented to producers for repertory grid interview 

CONSTRUCT NO. POSITIVE POLE NEGATIVE POLE 

1 Clear benefit in doing this Don’t belief the benefits are proven 

2 
Feel I have more control when I do 
this 

Don’t feel I am in control when I do 
this 

3 Financial Benefits are clear Too much financial risk involved 

4 
Has a positive impact on 
production 

Could affect production levels 
negatively 

5 I am comfortable doing this I am not comfortable doing this 
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Table 6.3. List of knowledge, skills and practices presented to producers as Elements 
for the repertory grid interview. 

ELEMENT NO. ELEMENT 

1 Doing FEC tests regularly 

2 Doing FEC tests every now and then 

3 Following an approved drench plan 

4 Drenching based on FEC results 

5 Drenching based on experience and visual assessment 

6 Drenching based on opportunity 

7 Rotating drenches to maintain efficacy 

8 Doing drench resistance tests every 2-3 years 

9 Doing drench resistance tests every 10 years 

10 No drench resistance testing 

11 Cleaning paddocks 

12 Supplementary feeding to manage worms 

13 Selecting EBV tested rams to manage worms 

14 Using set targets for ewes and weaners to monitor weights and condition 
scores 

15 Keeping written paddock histories to help manage worms 

Results of the repertory grid were entered into RepIV, Version 1.12 Research Edition, a 

software program specifically designed for the conduct and analysis of personal interviews 

based on Kelly’s Personal Construct Theory (Gaines & Shaw 2005). The RepGrid 

component of the program was utilized to perform standard grid analyses, including principal 

component analysis (PrinGrid function) and cluster analysis (Focus function) of individual 

grids.   
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6.6.2.3 METHODS USED FOR REPERTORY GRID DATA ANALYSIS 

The qualitative data obtained from the personal interviews were analyzed, for the most part, 

separately from the grid data. Responses to the open ended questions were collated and 

grouped using bootstrapping content analysis and basic statistical analysis applied to obtain 

frequencies, means, percentages and totals (see Chapter 9 for further details). A subjective 

typology of worm management styles was devised based on responses to the opened 

questions. Analysisof the repertory grid data required more complex analyses in order to 

identify patterns of responses across all interviewees.  

In a counseling situation analysis of the repertory grid is typically restricted to individual grid 

data (Adams-Webber 1979; Kelly 1963), however it is not uncommon for individual data to 

be analyzed at a group level (Bell 2000; Fransella et al. 2004; Gaines & Shaw 2005; Jankowicz 

2004). For the purposes of this study the grid data was analysed at the group level, including: 

• Principal component analysis using the means of the individual, RepGrid-generated, 

PCA construct loadings; 

• Cluster analysis of all 78 variables created by each of the 32 individual repertory grids; 

• Cross-tabulations between cluster groups and groups classified subjectively by myself 

based on responses to the open-ended questions; and 

• A discrepancy matrix highlighting any differences between ratings recorded for 

elements (the IPM knowledge, skills and practices) through the repertory grid, 

compared against responses to the open-ended question asking which of the 15 KSPs 

are currently used, and how frequently, by the producer. 
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Due to the complexity of both the analyses and the interpretation of these analyses, much of 

the detail is contained in the chapters within which they are discussed. An outline of each 

chapter is listed below and Figure 6.3 presents a diagrammatic representation of the link 

between components of the data analysis. 

 

Figure 6.3 Diagrammatic representation of relationship between study methods and analyses 
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• Chapter 7: Describes the worm management practices currently used by sheep 

producers and includes analysis of several datasets, including the 2004 benchmark 

survey, focus groups and personal interviews. Also in Chapter 7 is the investigation of 

differences between researchers and producers regarding parasite management 

practices. This investigation is framed in the context of knowledge preferences 

following a workplace learning model (Billet 2001).  

• Chapter 8: Provides a more in-depth analysis of the personal interviews, including a 

qualitative overview and the quantitative analysis arising from the repertory grid data. 

In this chapter I am concerned with examining producer perceptions within the 

context of decision-making in adoption, and the principal components analysis  (PCA) 

across the means of the individual PCA construct loading are utilized to investigating 

this. The discrepancy matrix is also utilized to investigate producer perceptions and 

practices, and how these might impact on the adoption of integrated parasite 

management knowledge, skills and practices related to worm management. 

• Chapter 9: Investigates the potential for identifying worm management styles based on 

both responses to the repertory grid and to the open-ended questions. A cluster 

analysis performed across all 78 variables of each of the 62 repertory grids is 

interpreted within this context and the results of this cluster analysis are compared 

against subjective classifications of the interviewees based on responses to the open-

ended questions. Key management practices are highlighted that may be indicators of 

worm management styles. 

6.7 Summary 

There are four major data sources utilised for this thesis, including the 2004 benchmark 

survey, a Delphi process with IPM-s researchers, focus groups with producers and personal 
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interviews based on the repertory grid. Each of the data sources allows for a triangulation of 

both qualitative and quantitative data in order to provide a broad analysis that has several 

goals.  

Methods for analysis have been selected based on their appropriateness to the types of 

datasets used and the desire to identify patterns across all producers involved in the study, 

rather than individual producers. As indicated above, further detail on each of the methods 

in included in chapters seven, eight and nine which details the results for this study. 
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7.1 Introduction 

This Chapter will detail the worm management practices currently being used by Australian 

wool producers. Several methods have been used to identify these practices, including an 

Australia-wide benchmark survey, focus groups and personal interviews. The results of these 

methods are presented and discussed below. Section 7.2 presents the results of the Delphi 

process conducted with the IPM-s researchers, while section 7.3 details data relevant to 

worm management from the 2004 Benchmark Survey (Reeve & Thompson 2005). Section 

7.4 details the results of the producer focus groups, and section 7.5 presents the qualitative 

results from the personal interviews. Finally, in section 7.6 the results from the preceding 

sections are interpreted in terms of the differences between the knowledge types that 

producers and researchers believe are most important to them. 

7.2 Researcher Delphi Process 

7.2.1 Introduction 

As described in Chapters 5 and 7 (Methodology) a Delphi-process with the key IPM-s 

researchers was conducted prior to carrying out focus groups and personal interviews. One 

aspect of the Delphi process was to examine how researchers approached parasite 

management (as reflected through their list of knowledge, practices, skills and personality 

traits) in order to attempt to pinpoint any key differences to the way producers approached 

parasite management (which would be garnered from the focus groups and personal 

interviews). The aim of this comparison was to categorise key differences in approaches that 

may be impacting on the way research is developed and then later extended to, and adopted 

by producers. 

Similar approaches have been taken to examining the differentiation between expert and 

novice approaches to knowledge in workplace education. Cognitive psychology has 
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investigated novice-expert difference, where experts are presumed to  ‘think and act’ ‘quite 

different(ly)’ to novices (Billet 2001, p. 50). Although producers are not, for the most part, 

novices at farming, their knowledge about IPM systems, and particularly their scientific 

knowledge about IPM practices, could be assumed, for the majority, to be more at the 

novice level than the IPM researchers. 

7.2.2 Delphi Outcomes 

A comprehensive list of all the practices related to worm management that were mentioned 

by the IPM-s researchers are presented in Tables 7.1 - 7.6. A list of all the items related to 

the control of parasites under an IPM-s approach is contained in Appendix B.  Because one 

aim of the Delphi process was to identify the major parasite of concern to management on 

sheep farms, all parasites were included in the Delphi process. 

The lists below contain some 66 items, including issues ranging from pasture management, to 

monitoring, animal nutrition and management skills. Many of the skills and practices rely on 

the producer having a basic understanding of areas such as worm life cycles, how FEC and 

DRT work, and the ability to develop management strategies. The Code assigned to each 

item allows for categorisation of the items. While some KSP’s have individual or unique 

codes, there are some that have been more broadly grouped, and these include the 

following: 

• DS are any actions or knowledge to do with a drenching strategy; 

• QUA relates to having a quarantine strategy; 

• FARMMGT refers to farm management in general; 

• NUT is nutrition, including supplementary feeding; 
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• MON, refers to monitoring activities and includes components of monitoring 

programs or strategies, such as WEC and DRT; 

• GEN involves genetics, breeding and issues related to EBVs; 

• CP refers to cleaning paddocks, including Smart grazing, cell grazing, rotation grazing, 

alternating sheep classes, alternating sheep with cattle and alternating sheep with crops 

or stubble; and 

• GFM refer to good farm management in general. 

The same coding has been used also for items mentioned by producers during the focus 

groups and personal interviews to allow comparison between the two groups (i.e. 

researchers and producers). 

The final column of Tables 7.1 – 7.7 refers to the classification of the type of knowledge that 

each of the items represents. This classification is based on workplace classification systems 

of knowledge as being either conceptual (or proposition) or procedural (Billet 2001), but 

also including the ability to ‘deploy’ these knowledge types, known as dispositions. The latter 

includes values and attitudes, which impact on how and why an individual chooses to use the 

different knowledge types (Billet 2001). 

According to Billet (2001), Conceptual (or propositional) knowledge includes 

...facts, information, propositions, assertions and concepts. Levels of conceptual 
knowledge of increasing complexity differentiate propositional knowledge. These 
levels range from simple factual knowledge (e.g. names of pieces of equipment, 
tools or workplace procedures) through to deeper levels of conceptual knowledge, 
such as understanding about workings of a process at work, sets of procedures or 
pieces of equipment, or rich knowledge about the vocation. 

(Billet 2001, p. 51) 
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Depth of conceptual knowledge allows people to problem-solve when faced with new 

situations or tasks, as well as allowing them to monitor progress and measure the 

effectiveness of their response. For the purposes of this thesis and the tables in this chapter, 

C1 refers to first order conceptual knowledge and C2 second order conceptual knowledge. 

Procedural knowledge, or ‘knowledge how’ (Ryle 1949), “comprises techniques, skills and 

the ability to secure goals” (Billet 2001; Stevenson 1994) . Stevenson has proposed a three-

level typology for procedural knowledge, where level one knowledge is specific and allows 

the achievement of particular goals or tasks. Level two procedural knowledge allows for the 

monitoring and evaluation of strategies selected to achieve a work task, particularly when 

there is some evaluation of the approach required. A third level of procedural knowledge is 

also proposed that is much more strategic in nature and allows for higher level monitoring 

and organization, particularly in the face of new situations and tasks. For the purposes of this 

thesis P1, P2 and P3, refers to the three orders of Procedural knowledge. 

Finally, D in Tables 7.2.1 - 7.2.7 refers to Disposition, which is more about the personality of 

the person, their culture, preferences and their willingness and ability to undertake a 

particular task or use particular types of knowledge. Dispositions, according to Billet (2001), 

affect not only the effort that a person may take in learning in order to achieve a goal or 

perform a task, but also impacts on how they organise knowledge.  

All three of the above knowledge types, are interrelated and cannot be understood 

individually without reference to the others (Billet 2001). 
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Table 7.1. KSPs related to drenching or having a drench strategy 

Knowledge, Skill or Practice for Integrated 
Worm Management 

Code Type of 
Knowledge 

How to drench sheep correctly – weigh, calculate correct 
dose, calibrate drench-gun 

DS P1 

Avoid Summer Drenching (WA) DS P1 

Use FEC to determine drench strategy DS P2 

Ability to undertake strategic drenching DS P2 

Ability to determine timing of non-strategic drenching DS P3 

Have a planned strategy for maintaining drench efficacy on 
farm using various techniques 

DS P3 

Demonstrate ability to control worms through acceptable 
number of annual drenches and minimizing sheep weight 
losses 

DS C1, P1 & P2 

Knowledge of the drench groups DS C1 

Knowledge of correct drench technique for different 
drenches (oral liquid, capsule, injection) 

DS C1 

Knowledge of drench capsules and newer products DS C1 

Basic understanding of rotation of drenches DS C1 

Understand correct choice of drench for specific 
treatment situations 

DS C2 

Understand withholding periods & ESIs for drenches and 
lice/fly chemicals used (meat and wool) 

DS C2 

Table 7.1 contains 13 items relating to drenching or having a drench strategy. Of these items 

however, only two are low-level P1 procedural items (how to) while 4 are higher-level P2 or 

P3s (strategy related) and the rest relate to conceptual knowledge (factual, knowledge 

about). 

Table 7.2. KSPs related to cleaning paddocks 

Knowledge, Skill or Practice for Integrated 
Worm Management 

Code Type of 
Knowledge 

Grazing management – role of/how to do Smart Grazing 
(Vic) or rotation grazing (NSW) 

CP C2 

Grazing management – how to do sheep/cattle interchange CP P2/C2 

Grazing management for worm control (general) CP C2 
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There are only three items relating to the notion of cleaning paddocks (including the various 

rotational grazing or Smart grazing systems available), however all of these are high-level P2 

or C2 items. 

Table 7.3. KSPs related to monitoring activities 

Knowledge, Skill or Practice for Integrated 
Worm Management 

Code Type of 
Knowledge 

Organise for drench resistance testing MON P1 

How to collect samples for WEC monitoring (and 
appropriately package and transport samples) 

MON P1 

Record sheep weights and condition scores MON P1 

Carry out regular WEC counting and monitor counts MON P1/P2 

Knowledge of current effectiveness of drenches on farm MON C1 

The methods available to test for drench resistance MON C1 

Basic interpretation of FEC tests MON C2 

Knowledge of the role of worm egg count monitoring MON C2 

How to set up a test for drench resistance (wouldn’t expect 
all farmers to do this, some more experienced ones will) 

MON C1 & P2 

There are nine items related to monitoring. This category includes WEC, drench resistance 

testing (DRT) and other forms of monitoring such as weights and condition scores. Table 7.3 

shows that 3 of the items were P1, while 2 were C1s and another two C2s. The remaining 

two items were mixed, indicating that they required two different level of knowledge and/or 

two knowledge types. 

Table 7.4. KSPs related to nutrition 

Knowledge, Practice or Skill for Integrated 
Worm Management 

Code Type of 
Knowledge 

Nutrition – Ability to assess sheep condition scores NUT P1 

Nutrition – Ability to carry out pasture assessments NUT P2/C1 

Nutrition – Identify supplementation strategies NUT P3 

Nutrition – Knowledge of target condition scores for 
breeding ewes 

NUT C1 

Nutrition – Understanding of how time of lambing dictates 
feed demand of flock, how this interacts with parasitism 

NUT C2 
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Of the five items related to nutrition (including supplementary feeding), two are low-level 

C1 or P1 items, while the remaining three are high-level C2 or P3 items. Pasture assessment 

is categorised as P2/C1 because although this may seem a simple task, pasture assessment 

requires knowledge of different pasture and other plant species, their feed value and the 

quality (e.g. amount of protein) and quantity available. 

Table 7.5. KSPs relating to Good Farm Management 

Knowledge, Practice or Skill for Integrated Worm 
Management 

Code Type of 
Knowledge 

Ability to think critically and independently GFM D 

Understand key IPM-s strategies available for worm control GFM D 

Inquisitive and open frame of mind GFM D 

Keep up to date with current trends in industry GFM D 

Ability to articulate a strategy that suits farm management style GFM D 

Pregnancy scanning if multiple births exceed 10% GFM P1 

Good record keeping – management and financial GFM P1 

Computer skills (not essential but helpful) GFM P1 

Have well developed risk management strategies that provide 
flexibility for stocking rates in uncertain seasons 

GFM P3 

Treat for parasites only when monitoring and/or planning 
indicates a need 

GFM P3 

Ability to integrate parasite control into farm management 
program 

GFM P3 

Understand main OH&S issues associated with chemical use GFM C1 

Good working knowledge of practical sheep nutrition GFM C2 

Good farm management were items the researchers believed all producers should have, 

regardless of whether they operated an IPM system or not. Five of these items were 

dispositional.  Three items related were P1, of which two related to record keeping skills. 

The remaining procedural items were level three as they involve the producer being able to 

strategically and monitor and respond to reach goals. There were two conceptual items. 
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Table 7.6. KSPs relating to Genetics 

Knowledge, Skill or Practice for Integrated Worm 
Management 

Code Type of 
Knowledge 

Breeding for resistance – how to go about it (ram breeder) GEN P2 

Breeding for resistance – how to source resistant rams, 
relationship/balance with production traits, interpreting EBVs 
(commercial producers) 

GEN P1 & C2 

Understand the concept of estimated breeding values particularly as 
applied to worm resistance 

GEN C2 

Understand difference between Nemesis FEC EBVs and other EBVs GEN C2 

Ram breeders – understand how parasite control fits in with 
breeding objectives 

GEN C2 

All of the genetics-related items involve high-level conceptual or procedural knowledge.  

These items are strongly related to having a strategic approach to resistance and require 

understanding some complex information. 
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Table 7.7. KSPs – Miscellaneous 

Knowledge, Skills or Practices for Integrated 
Worm Management 

Code Type of 
Knowledge 

Have a network of information sources on parasite control INFONETW D 

Use of WormBoss to aid worm treatment decision-making INFONETW P1/D 

Able/willing to seek and evaluate expert advice INFONET2 D 

Ability to interpret information sources on parasite control INTINFO C2 

A basic understanding of the worm life cycle/epidemiology WORMEPI C2 

Understanding of the susceptibility of sheep (most 
susceptible and when during lifecycle) to worms 

SHPSUSC C2 

Understanding of seasonal patterns of infection in the region SHPSUSC C1 

Knowledge of clinical signs of parasitism CLININF C1 

Be able to tell if sheep is anaemic SHPANEAM C1 

Awareness of other factors that may cause similar clinical 
signs (or when to call for more expert assistance) 

CLININF C2 

Understanding of farm worm history – property specifics FARMHIST C1 

Good knowledge of the core or basic worm control 
program appropriate to the region 

DRPLAN C2 

Understand basics of drench resistance (genetic selection of 
resistant worms, risk of frequent drenching) 

DRCHRES C2 

More advanced knowledge of drench resistance – principles 
of “refugia” & risks or low refugia, when this is likely to 
occur 

DRCHRES C2 

Use WEC history of paddocks for setting weaning and 
lambing paddocks 

PADHIST P2 

Principles of weaner management – time of weaning, 
preparation of weaning paddocks, target weights, monitoring 
weight & FEC of weaners 

WEANMGT C2 

Management of introduced sheep – quarantine drench QUA P1 

Have a quarantine strategy QUA P2 

Many of the knowledge items could not be categorised into any particular approach, or were 

not matched in the focus producer knowledge items recorded. These were compiled into 

Table 7.7 a table containing these disparate items. There are four items relating to 

information gathering or interpretation, which for the most part tend to be dispositional in 

nature. There are several items relating to the epidemiology of worms or the susceptibility 

of sheep to worm infection, or the signs of parasitism. There was a mix of both low- and 
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higher-level conceptual knowledge amongst these. Many higher-level items in this table relate 

to understanding resistance and refugia issues in order to manage worm infection. 

7.2.3 Summary and Discussion 

A summary of the types of knowledge and how many times this knowledge type was 

assigned are presented in Table 7.8. There are more knowledge types than actual items since 

some items required more than one type of knowledge. 

Table 7.8. Table of knowledge types occurring in researcher Delphi list 

Type of Knowledge Number in 
List 

Percentage (%) 

C1 15 20 

C2 21 28 

P1 14 19 

P2 10 14 

P3 6 8 

D 8 11 

Total 74 100 

Table 7.8 indicates that many of the items represent conceptual types of knowledge (36 of 

74 of the knowledge codes assigned – 49 per cent). Of these, two thirds are higher order, 

level two types of conceptual knowledge. This indicates that much of the researchers list 

requires producers to have in-depth understanding of how things work on their farm – 

including interactions between the management factors of their farm (e.g. pasture, stock, 

seasons, weather, chemicals); and the impacts of different factors on each other and how 

they affect worm control. 

In total, there were 30 items (41 per cent) that could be classified as procedural. Many of 

these procedural items were simple level-one items (e.g. how to calibrate a drench gun, or 

collect samples for WEC tests), however more than half were P2 and P3 - higher order 
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procedural knowledge items. The implication again is that researchers expect or at least 

hope, that producers have a good understanding of how to implement more strategic and 

procedurally complex worm management options. This might include having a property level 

quarantine strategy and implementing a property level integrated parasite management 

program that includes all the relevant monitoring activities and requires forward planning but 

also responsiveness to seasonal or unexpected factors. As can be seen from the list, the 

conceptual and procedural knowledge items are closely related and inform each other to 

some degree. The difference in understanding is the depth and the ability to use current 

knowledge and to learn new knowledge in order to respond to novel situations or tasks and 

to monitor and evaluate approaches to achieving goals and completing tasks. 

Finally, for worm management, the researchers nominated eight items that could be 

classified as dispositional. This means these items are reliant on the producer’s personal 

abilities and mostly relate to issues of general farm management. These eight dispositional 

items were: 

• have a network of information sources on parasite control; 

• able/willing to seek and evaluate expert advice; 

• ability to articulate a strategy that suits farm management style; 

• ability to think critically and independently; 

• understand key IPM-s strategies available for worm control; 

• use WormBoss tool to aid worm treatment decision-making; 

• inquisitive and open frame of mind; and 
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• keep up to date with current trends in industry. 

It is evident from the descriptions of the different types of knowledge and the lists above, 

that IPM is both a conceptually and procedurally complex approach to worm management 

that requires a disposition open to learning and a willingness to be responsive and strategic 

in approach. Knowing how the researchers’ expectations of the KSP’s required to implement 

a successful IPM program allows an examination as to how their expectations differ from 

what producers are currently doing and how they regard some of the KSPs. 

7.3 IPM-s Benchmark Survey 

7.3.1 Introduction 

As described in Chapter 7 (Methodology) a Benchmark Survey for the IPM-s Project was 

conducted in 2004. The survey was sent to 6,000 wool producers selected from a subset of 

postcodes for higher rainfall areas from Australian Wool Innovation Ltd’s woolgrowers 

database. Of these 6,000 sent out, 2292 sheep producers returned useable surveys (Reeve & 

Thompson 2005). This survey has given the IPM-s project an indication of what practices 

woolgrowers in particular are using to control external and internal parasites of sheep. It 

also provides detail about how and, in some cases, for what purpose, the practices are being 

used. In the context of this thesis, responses related to worm management only are of 

relevance. A copy of the full survey report is provided in Appendix  along with a separate 

document containing the specific tables referred to here for convenience. 

7.3.2 Overview of survey results 

On average, 44 per cent of producers use faecal worm egg counts (FEC) to monitor for 

when they need to drench. Those who use FEC typically check weaners 3 times per year, 

with this figure generally higher in the Northern Tablelands of NSW and South Eastern Qld 

and lower in southern regions. FEC is considered by far the best technique currently 
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available for checking whether sheep, especially weaners, need drenching. However, FEC 

test results sometimes need skilled interpretation, which make the results of the question 

about 'sources of advice' relating to worm control interesting (Reeve & Thompson 2005). 

Respondents were asked to indicate who they sought advice from to make the major worm 

control decision on their property. On average 76 per cent of producers indicated they or 

their staff make the main worm control decisions, while 18 per cent sought advice from 

animal health and production advisors; and only 15 per cent sought advice from local or 

private veterinarians. The latter figure is important in relation to the conduct of FEC tests, 

because it potentially indicates that few of the producers conducting FEC tests are using 

veterinarians for interpretation. This is a very good opportunity for producers to find and 

make use of a vet or agricultural adviser to help with interpreting FEC results and designing 

worm control programs. The use of such good advice would help to save on drench costs 

and can also help increase productivity, and may prove to be invaluable in slowing drench 

resistance (Reeve & Thompson 2005). Given the reliance of an integrated system of parasite 

management on monitoring activities (see Chapter 3), the implications for IPM-s are of 

import, since this indicates a key target area for extension of the project. 

Another important monitoring activity of the IPM-s Project is drench resistance testing. 

Producers were asked when they have conducted a drench resistance test and what type of 

test they used. On average, 48 per cent of producers say they have conducted a drench 

resistance test of some kind, although of these, only 23 per cent tested within the last two 

years. Drench resistance testing is an important part of IPMs because it allows the producer 

to construct a drench rotation that maximises efficacy and minimises the future development 

of resistance. Advisers generally recommend that resistance tests be conducted every three 

years. Of concern is that, of those indicating they have undertaken drench resistance testing, 

only 33 per cent said they were using a faecal egg count reduction test or the DrenchRite 
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test – these are the only recognised drench resistance tests. This indicates that most 

producers are conducting only ‘informal’ drench resistance tests, which indicates further that 

not all drench groups are being tested for their property – only the one(s) they have 

recently drenched with. In summary, only 18 per cent of producers had undertaken an 

industry accepted drench resistance test. 

Another increasingly important component of the integrated parasite management approach 

is the use of rams that are genetically tested for natural resistance to worms. Using rams 

selected for resistance to worms was nominated by 14 per cent of producers as one of their 

strategies for controlling worms. There was wide variation among regions, with 8 per cent 

using rams selected for worm resistance in the Central and Southern Tablelands and 24 per 

cent in the Northern Tablelands of NSW. Of those using rams selected for resistance to 

worms, 73 per cent indicated that the rams were selected on the basis of Australian Sheep 

Breeding Values (commonly referred to as EBV-tested rams) (Reeve & Thompson 2005). 

Another important aspect of the integrated parasite management program for sheep 

includes supplementary feeding, which IPM-s researchers believe can aid in increasing 

resistance to worm infection (Walkden-Brown et al. 2006). In particular, the timed feeding of 

protein supplements is believed to be of benefit to helping sheep reduce worm burdens. In 

conjunction with the practice of supplementing feed at key times of susceptibility to worm 

infection, monitoring of weights and condition scores is also considered a necessary, regular 

activity. Across all regions, the average proportion of producers using supplementary feeding 

was 80 per cent. However, this figure does not indicate whether the reason for 

supplementary feeding was for worm control specifically. Supplementary feeding was lowest 

in SW & S Qld and the GB & DD regions. Ewes were typically fed by more respondents than 

weaners. 
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Finally, methods of grazing management are an important component of integrated parasite 

management systems. Grazing management can include set stocking; rotating stock through 

paddocks at various levels of intensity and frequency (Cell, Rotational or Smart Grazing); 

alternating sheep and cattle through paddocks with varying levels of intensity and frequency, 

and alternating stock with crops or stubble.  On average across all regions 48 per cent of 

respondents indicated that they always used set stocking, while 31 per cent used set 

stocking at lambing only. Rotational grazing was the most popular rotation grazing system, 

with an average of 38 per cent of respondents across all regions indicating they used this 

technique, with respondents in S SA indicating a strong preference with an average of 71 per 

cent from this region rotational grazing. Alternating between sheep and crop stubble was 

also a relatively popular grazing strategy, with an average of 36 per cent of respondents 

across all regions indicating they used this method. This method was most popular in 

Western Australia (60 per cent of respondents) and least popular in GB & DD and the New 

England (1 per cent and 3 per cent respectively) (Reeve & Thompson 2005). 

Of particular interest here are the key objectives respondents indicated for using their 

preferred grazing strategy. The most common key objective was pasture management, with 

an average of 42 per cent of respondents across all regions listing this. Animal management 

was a key objective for 37 per cent of respondents, and parasite control was listed as an 

objective by 23 per cent of respondents across all regions, which is an encouraging trend. 

The latter result is of obvious importance to the IPM-s project and indicates another target 

area for extension of the project, particularly as it relates to the concept of creating and 

maintaining ‘clean paddocks’ for sheep – especially lambing ewes and weaners. 

More detailed results are provided below. 
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7.3.3 Detailed survey results 

The results shown below are taken from the benchmark survey report carried out by Reeve 

and Thompson (2005), and relate to the various types of worm control methods 

investigated using the survey. Tables of results are contained in the 2004 Benchmark Survey 

report provided in Appendix D. 

7.3.3.1 SUPPLEMENTARY FEEDING 

Some 80 per cent of respondents indicated that they provide their sheep with 

supplementary feed (Appendix D: Table 7.1). Of those who do supplementary feed, around 

20 per cent of respondents nominated worm control as a reason for supplementary feeding. 

Regardless of the aim of feeding, Walkden-Brown et al. (2006) maintain that those producers 

providing supplementary feed should nonetheless gain some benefit in the way of ‘resistance 

and resilience to worm infection’ (2006, p. 45). Notwithstanding that, supplementary feeding 

can be an important IPM tool. Table 7.2 (Appendix D) indicates the proportion of 

respondents feeding ewes and lambs according to the time of year. The regional differences 

are obvious, and this will also have bearing on the extension of the IPM program. 

7.3.3.2 GRAZING MANAGEMENT 

Grazing management, including set stocking, paddock rotation and the alternation between 

stock type, and stock and crops is considered an important tool of the integrated parasite 

management approach. In particular, the concept of creating ‘clean paddocks’ for sheep 

classes susceptible to worm infection is important (Love 2007). The most susceptible classes 

of sheep include lambing ewes, lambs and weaners. Table 7.3 (Appendix D) indicates what 

types of grazing management sheep producers are employing and why they use the 

techniques they listed. 
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According to Table 7.3 (Appendix D), 48 per cent of respondents across all regions set 

stocked i.e. using no rotation system at all, while 31 per cent only used set stocking at 

lambing. Of encouragement to the IPM-s Project is that 38 per cent of respondents across all 

regions indicated that they specifically used grazing management for worm control 

(Appendix D: Table 7.4). There is some room to improve alternations between cattle and 

sheep in all regions; since 53 per cent of respondents indicated they stock cattle. There is 

even more opportunity in the northern regions (SW &S QLD, GB & DD and New England) 

where some 73-89 per cent of these respondents indicated that they run cattle (Walkden-

Brown et al. 2006).  

7.3.3.3 QUARANTINE DRENCHING 

The issue of quarantine drenching was examined in the survey by asking producers if they 

drenched sheep introduced into their flock (Appendix D: Table 7.5). On average across all 

regions, 83 per cent of producers indicated they drench newly introduced sheep. However, 

Walkden-Brown et al. (2006) indicated that most producers are not using the recommended 

3 or 4 drench class combinations, with only 10% of respondents indicating that they used 

these combinations. 

7.3.3.4 MONITORING ACTIVITIES 

7.3.3.4.1 Faecal Worm Egg Counts (FEC) 

Table 7.6 (Appendix D) indicates that around 44 per cent of respondents monitored FEC. 

The range of responses was between a low of 33 per cent in Western Australia and a high of 

67 per cent in Gippsland, Victoria. 

When monitoring was conducted, the frequency with which respondents typically 

monitored worm egg counts ranged from an average of 3.0 times per year for weaners to 

2.6 times per year for adult ewes. The typical frequency of monitoring was significantly 

different between regions for weaners, adult ewes and wethers, with higher frequencies 
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being reported in the Granite Belt and Darling Downs, and in the New England region, and 

generally lower frequencies in the southern Australian regions (see Tables 7.7, 7.8 and 7.9, 

Appendix D for monitoring frequencies). 

7.3.3.4.2 Drench Resistance Testing 

As indicated earlier, although some 48 per cent of respondents across all regions indicated 

that they had conducted a drench resistance test at some point (Appendix D: Table 7.10). 

Less than 50 per cent had tested within two years of 2004 (Appendix D: Table 7.11), and 67 

per cent did not use a recognised drench resistance test (Appendix D: Table 7.12). 

7.3.3.4.3 General Questions about treatments and techniques for worm control 

The Benchmark survey also asked several broad questions about the types of strategies used 

for worm control and the reasons for using these strategies. Categories included Smart 

Grazing; other grazing management; leaving sheep undrenched; feeding e.g. use of 

supplements; selecting EBV-tested Rams; organic methods (e.g. seaweed solutions of copper 

sulphate); drenching and ‘Other.’ Responses are shown in Appendix D: Tables 7.13 - 7.17). 

Drenching is by far the most commonly used technique for worm control, with an average 

of 89 per cent of respondents relying on it (Appendix D: Table 7.13). ‘Grazing other than 

smart grazing’ was used by 33 per cent of respondents, with Smart grazing used by 30 per 

cent. Answers to these questions were not mutually exclusive, as respondents were asked 

to list all techniques they used, not just the main one. Other techniques used by producers 

included a feeding strategy (typically involving supplementary feed) (20 per cent), selection of 

resistant rams (14 per cent) and ‘Other’ (12 per cent). A very small number of respondents 

left sheep un-drenched (6 per cent) or used ‘organic’ methods (3 per cent). 



- 186 - 

7.3.3.5 FACTORS IMPORTANT TO DECIDING WHEN TO DRENCH 

Respondents to the Benchmark survey were asked to indicate what factors they considered 

important when they were deciding whether or not to drench. The survey examined seven 

potential factors, for ewes and weaners separately, including: 

• results from WEC monitoring; 

• the condition score of their sheep; 

• time of year; 

• seasonal weather conditions; 

• availability of pasture; 

• quality of pasture; and 

• presence of daggy sheep in the mob. 

Participants were asked to rank the factors based on their considered importance to the 

drench decision and were also invited to nominate other factors important to their decision-

making. The results for ewes and weaners are presented in a summarised fashion as mean 

importance scores in Table 7.9 below. More detailed tables are contained in Appendix D. 

Finally, participants were asked to indicate who made the major worm control decisions on 

the property, and results for this question are presented in Appendix D: Table 7.20. 

7.3.3.5.1 Importance of factors affecting the decision to drench ewes 

Table 7.9 shows that Time of Year was the most important factor affecting the decision to 

drench for the majority of survey respondents. This was true for both ewes (3.30) and 
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weaners (3.28). Results of WEC tests, also rated highly with mean importance scores above 

3 for both ewes (3.12) and weaners (3.25). Condition scores were ranked highly by many 

respondents also, followed by Presence of Daggy sheep in the mob; Seasonal weather 

conditions, Availability of pasture and finally, Quality of pasture. 

The placement of Time of Year at the top of the list is somewhat worrisome as it indicates 

that producers are carrying out drenching in some cases regardless of other factors that 

should be considered more important, such as WEC results and seasonal conditions.  

Table 7.9.  Summary of Results Across All Regions for Factors Affecting Decision to 
Drench: Mean Importance Score 

Mean Importance Score Factor Affecting Decision to Drench 

Ewes Weaners 

Results of WEC tests 3.12 3.25 

Condition Scores 2.84 2.98 

Time of Year 3.30 3.28 

Seasonal weather conditions 2.75 2.77 

Availability of pasture 2.63 2.62 

Quality of pasture 2.55 2.57 

Presence of daggy sheep in mob 2.75 2.79 

There were four ‘other’ factors listed as affecting drench decisions by respondents. These 

included: 

• death of sheep; 

• signs of disease, ill thrift or weakness; 

• routine practice; and 

• weaning. 
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Tables 7.18 (Ewes) and 7.18 (Weaners) in Appendix D show that Signs of illness and Routine 

practice are Very Important to drench decisions for many respondents for both ewes (35 

per cent and 58 per cent respectively) and weaners (40 per cent and 32 per cent). 

7.3.3.6 MAIN ADVISOR FOR WORM CONTROL 

Finally, respondents were asked to indicate from whom they received their main advice 

regarding worm control (Appendix D: Table 7.20). A majority of 73 per cent across all 

regions indicated that they or members of their staff were the main advisors. The lowest 

response in this category was 71 per cent on Kangaroo Island, and the highest 96 per cent in 

GB and DD in Queensland. Following Self-advice for worm control was use of a local (8 per 

cent) or private (7 per cent) vet. Very few used advice from other sources, such as 

agricultural consultants or rural merchandisers. 

7.3.4 Summary and Discussion 

Results from the Benchmark survey give an indication of the practices Australian sheep 

producers are currently employing to control and manage worms on their properties. Of 

most importance to the IPM-s Project are those results indicating which of the 

recommended IPM practices are not being utilised, or not being implemented as 

recommended – thereby reducing their efficacy. 

The survey results suggest that there are areas where behaviour change needs to be 

encouraged and appropriate information provided. These include informing producers of the 

benefits and effectiveness of: 

• using formal drench resistance tests, rather than informal testing; 

• increasing the frequency of formal drench resistance tests to a 2-3 year period; 
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• seeking advice from professionals, such as vets, for practices requiring professional 

interpretation, such as WEC and DRT; 

• the competent and targeted use of supplementary feeding specifically for worm 

control; 

• using cattle as part of a grazing strategy specifically for worm control; 

• the use of the recommended three or four class drenches for quarantine drenching of 

newly introduced sheep; 

• using regular WEC tests for making drench and worm control decisions, without also 

discouraging or denigrating the value of experience and visual assessment; 

• the increased use of grazing strategies to ‘clean’ pastures for sheep classes susceptible 

to worm infection; 

• having an understanding of  ‘Seasonal Weather Conditions’ and how they affect 

parasite epidemiology (basic); coupled with regular monitoring practices as part of a 

flexible IPM-based management system; and to 

• discourage reliance on routines, habits, or practices based on ‘Time of Year’ in order 

to introduce more flexibility and responsiveness into worm management based on a 

monitoring program. 

The list above represents areas that the IPM-s program must address through its extension 

program with producers if a transition from drench-reliance to IPM-s is to be achieved in the 

Australian sheep industry. This transition is necessary on several levels including; reducing 

the increasing occurrence of resistance to drenches; improving product acceptability to low-
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residue market, such as the European market; and satisfying community concerns about 

‘green’ practices and the desire for low-residue, natural products. 

The data from the survey was further examined through producer focus groups and 62 

personal interviews with sheep producers in Victoria and New South Wales. The results 

from these investigations are presented below. 

7.4 Focus Groups 

7.4.1 Introduction 

In 2006, two focus groups were conducted with wool producers in Victoria and two with 

wool producers in the New England of New South Wales. These groups  focused on the use 

of parasite control methods for internal and external parasites. Although these focus groups 

were aimed at informing the design of a personal interview, they also contain valuable 

information regarding the knowledge, skills and practices currently utilised by wool 

producers in these regions. A summary of practices related to worm control is provided. 

Codes used for knowledge, skills and practices are used elsewhere to compare results 

across the research methods and participants but are included here for future reference. 

Focus Group participants were asked to list knowledge, skills and practices that they used 

on their farm for parasite management (refer to Chapter 6 for further details). As indicated 

in Chapter 6, one of the reasons for the focus on knowledge, skills and practices, was the 

issue of knowledge validity between researchers and producers. Further, research into 

adoption and extension literature in agriculture has shown that information is critical to 

adoption. However, while sources of preferred information have been well-documented 

(Kilpatrick & Johns 2003; Kilpatrick & Rosenblatt 1998; Kilpatrick & Williamson 1996; 

Llewellyn et al. 2007), the types of knowledge these may represent have not been. Further 

Wynne (1989), has looked at the issue of communication between researchers, government 
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agencies and farmers in the UK and found that types of knowledge may be an impediment to 

effective understanding and communication with farmers as professionals and farmers may 

have different knowledge preferences. Those responses relating to worm control are 

presented in Table 7.10 below. The table is a combined list collated from all four focus 

groups and some practices are therefore region-specific. 

7.4.2 Outcomes 

Table 7.10 shows the complete collated list of the knowledge, practices and skills generated 

for all parasite types through the focus groups. This table highlights the importance to 

producers of worm management in particular, with nearly 68 per cent of all comments made 

about worm control. Blowflies account for 18 per cent, while Lice represented 10 per cent 

of comments about knowledge, practices and skills used for parasite control. 

The largest concerns relating to worm management were knowledge, practices and skills 

related to drenching or components of a drench strategy (DS, 19 per cent of total list), 

followed by items related to Cleaning Paddocks (CP) or stock and paddock rotation (CP, 18 

per cent) and monitoring (MON, 16 per cent). Jetting was the largest single issue related to 

lice (73 per cent of items relating to lice only; 7 per cent of total list); while mulesing was the 

largest item related to blowfly control (31 per cent relating to blowflies only; or 6 per cent 

of total list). The results from the focus groups indicated that worm control was by far the 

most important parasite management issue. Worm management was thus selected as the 

topic of the personal interviews.  

Another clear result of the focus groups, which is present in the reports presented in 

Appendix B, is the seeming importance of time and cost to the use of many parasite 

management tools. This influenced the selection of two of the constructs used in the 

personal interview, including financial benefit and benefits to productivity. Time was a factor 
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implicit to financial benefit in particular. Other issues that arose in the focus groups that 

influenced the choice of constructs, included the indication that people had different levels of 

familiarity with tool and ‘comfort zones’ related to how happy they were to use particular 

tool and practices. This was most evident when discussing the use of visual assessment 

versus WEC testing, with many farmers more comfortable with one rather than the other. It 

was also frequently found that the producers were not very good at articulating exactly why 

they were comfortable with one method over another, or why one was more beneficial than 

another, this resulted in using the construct ‘overall benefit’ in order to give the producers 

an opportunity to convey benefit, without the necessity of articulating the exact reason for 

this. This is symptomatic of producers often having an inbuilt sense of what works for them 

and what doesn’t. 

It was possible also from the focus groups to look at worm management knowledge, skills 

and practices (KSPs) and examine the importance of the coded categories for this parasite. 

Results are summarised in Table 7.10. It can be seen from Table 7.10 that there were 40 (28 

per cent) items that related to drenching or having a drenching strategy (DS). A further 39 

(27 per cent) related to cleaning paddocks (CP, through paddock and stock rotation). Some 

35 items involved monitoring (MON: WEC and DRT), representing about 24 per cent of the 

total number of KSP items related specifically to worm management. Knowledge items, skills 

or practices relating to nutrition represented only about 5 per cent of items on the list. 

Table 7.11 below contains a more detailed list of items mentioned by producers from the 

four focus groups. These more detailed items have been coded according to the type of 

knowledge they represent so that they can be compared to the list resulting from the Delphi 

process with the researchers. 

 



- 193 - 

Table 7.10. List of Knowledge, Skills and Practices from Focus Groups for ALL 
Parasites 

Categories (A) Categories 
(B) 

Code Results 
Summary 

(Number of 
times 

mentioned) 

Parasite 

Paddock rotation general 
Rotate with cattle 
Rotation with 
crops/stubble 

Cleaning 
paddocks 

CP 39 W 

Assessing sheep condition  COND 6 W 
Drenching strategy  DS 40 W 
Breeding and genetics  GEN 4 W 
Animal husbandry  HUSB 2 W 
Mob size  MOB 1 W 
Monitoring activities: WEC 
and DRT 

 MON 35 W 

Nutrition: feed, 
supplements 

 NUT 7 W 

Paddock history  PADHIST 3 W 
Pasture or grass 
management 

 PM 3 W 

Quarantine  QUA 3 W 
Advice and products from 
vets 

 VET 2 W 

Marking  MARK 2 O 
Foot health  FOOT 5 O 
Jetting  JET 16 L 
Backline  BACK 3 L 
Fencing  FENCE 2 L 
Closed flock  BUY 1 L 
Fluke  FLUKE 1 F 
Shearing  SHEAR 7 B 
Culling  CULL 3 B 
MULESING  MULES 12 B 
Dipping  DIP 7 B 
Fly traps  FLYT 1 B 
Crutching  CRU 9 B 
TOTALS   214  
  Worms 

Blowflies 
Lice 

Fluke 
Other 

145 
39 
22 
1 
7 
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There are 63 items on the list, but 66 codes assigned, as some of the producer’s items 

required multiple codes. Producers in the focus groups showed a clear belief in the value of 

procedural knowledge, with some 53 out of the 66 codes (80 per cent) either a P1, P2 or a 

P3. There were no lower-level conceptual items, however there were 12 C2 items (18 per 

cent). There was one dispositional item referring to the use of vets for advice. 

7.4.3 Summary and Discussion 

It is clear from Table 7.10 that drenching is a main preoccupation for sheep producers in 

relation to worm management. Rotating paddocks, stock and stock with crops etc. are also 

important management items, particularly in relation to the idea of ‘cleaning paddocks’. Not 

all producers at the focus groups however supported the idea of being able to clean a 

paddock, and some rotated paddocks and stock for other reasons, such as pasture 

management. Monitoring (combined FEC and DRT testing) was also very important to worm 

management, while genetics (e.g. selecting EBV-tested rams), nutrition (including 

supplementary feeding), keeping paddock histories, pasture management, quarantine and 

consulting vets were not mentioned nearly as frequently as these other factors. 

Perhaps it could be argued that the predominance of procedural knowledge is reflective of 

the practical nature of farming and of producers themselves. Procedural knowledge items 

were fairly evenly spread between low-level, P1, tasks and skills and higher-level, P2. Skills 

and approaches to the attainment of goals. Much of the P2 items represent practices that 

require some sort of planning or strategy in order to achieve the desired outcome. An 

example of this is the various combinations of sheep/cattle/paddock and crop/stubble 

rotations available in order to achieve clean paddocks. The producers also identified two P3 

items, strategic use of insecticides and weaning early (from Group C), which require higher 

level of strategy and monitoring. 
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Although conceptual items represented only 18 per cent of the list, these items were higher-

level, C2, items. The represent conceptual knowledge that requires some in depth 

understanding of the area of interest, such as understanding how the breeding of worm 

resistant rams works and can be harnessed for the benefit of the flock. The rotational 

grazing items also included an element of conceptual knowledge because this type of 

management requires some understanding of worm epidemiology. It is not clear however 

how much of the latter producers actually understood since worm epidemiology was never 

mentioned specifically. Nutrition management was another example of conceptual 

knowledge indicating a more in depth understanding of sheep nutrition. 

Further examination of these results occurs below in Section 7.6. 

7.5 Personal Interviews 

7.5.1 Introduction 

A series of 62 personal interviews were conducted with 31 wool producers in Victoria and 

31 in the New England, NSW. During the course of this interview, participants were asked 

to indicate which of the practices provided they used, and how often these were used. The 

list contained 15 items (also known as elements for use with the Repertory Grid). The 

Elements used are listed in Table 7.12. These elements were chosen based on consultation 

with the IPM-s researchers. The list of bipolar constructs selected are presented in Table 

7.13. These constructs were selected based on an attempt to understand the importance of 

decision-making factors such as profit, product, overall perceived benefit, amount of control 

over worm management, and the level of comfort felt using the practice. The reader is 

referred back to Chapter 6 for a detailed explanation. 
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7.5.2 Outcomes 

Results of participants’ answers were grouped into three categories based on how often the 

practice was used, including, Always use, Sometimes use and Never use. The results for each 

Element are provided in Table 7.14. The number of total interview participants was 62 

(n=62). 

Table 7.12. List of Worm Management Tools (Elements for Repertory Grid 
Interview) 

Mnemonic Element 

FECREG Doing FEC tests regularly 

FECNOWAG Doing FEC tests every now and then 

DRENPLN Following an approved drench plan 

DRENFEC Drenching based on FEC results 

DRENEXP Drenching based on experience and visual assessment 

DRENOPP Drenching based on opportunity 

DRENROT Rotating drenches to maintain efficacy 

DRENRES2 Doing drench resistance tests every 2-3 years 

DRENRE10 Doing drench resistance tests every 10 years 

DRENRENO No drench resistance testing 

CLEANPAD Cleaning paddocks 

SUPPFEED Supplementary feeding to manage worms 

RAMEBV Selecting EBV tested rams to manage worms 

SETTARG Using set targets for ewes and weaners to monitor weights and condition scores 

PADHIST Keeping written paddock histories to help manage worms 

Table 7.13. Bipolar Constructs used in Repertory Grid Interviews 

Construct 
Number 

Positive Construct Pole Negative Construct Pole 

1 Clear benefit in doing this Don’t believe the benefits are proven 

2 Feel I have more control when I do this Don’t feel I am in control when I do this 

3 Financial benefits are clear Too much financial risk involved 

4 Has a positive impact on production Could affect production levels negatively 

5 I am comfortable doing this I am not comfortable doing this 
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Table 7.14 shows that about two thirds of the 62 participants Never use FEC testing on a 

regular basis, with Regular described to participants as being every 3 to 4 weeks. Comments 

related to FEC testing indicated that issues related to cost, time needed for sampling and the 

time taken to get the results back from the vet. Most participants, particularly in Victoria, 

indicated that they did not collect samples out in the paddock as recommended, but rather 

collected them after the sheep had been brought into the yards for drenching. Nearly one 

third indicated that they always FEC regularly, some comments indicated however that some 

of these respondents had a FEC testing routine, but the regularity was not as frequent as 

every 3-4 weeks. 

Table 7.14.  List of worm management tools and frequency of use 

Frequency Element 

Always 
(No. 

responses) 

Sometimes 
(No. 

responses) 

Never 
(No. 

responses) 

Regular FEC tests 20 1 41 

FEC tests now and then 22 14 26 

Follow an approved drench plan 25 5 32 

Drench based on FEC tests 41 10 11 

Drench based on experience and visual 
assessment 

42 8 12 

Drench based on opportunity 13 11 38 

Rotate drenches to increase efficacy 53 1 8 

Regular drench resistance testing (2-3 
years) 

30 6 26 

Drench resistance testing every 10 years 5 3 54 

Clean paddocks 41 12 9 

Supplementary feed 19 8 35 

Select rams based on EBV results 20 5 37 

Use set targets to monitor weights and 
sheep condition 

17 8 37 

Keep written paddock histories 25 7 30 
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Slightly more than two thirds (35 per cent) of participants indicated that their FEC testing 

practices could be described as doing tests ‘now and then’, while 41 per cent indicated that 

they never used FEC testing in this way. Some 23 per cent indicated that their FEC testing 

routine could ‘sometimes’ be described as ‘now and then’ in regularity. For those who used 

FEC testing, 63 per cent of participants indicated that they ‘Always’ based their decision to 

drench of the results. Only about 18 per cent ‘Never’ based their drench decision on FEC 

test results, while 16 per cent sometimes did. Despite the apparently high number indicating 

that they drenched based on the results of FEC tests, a higher proportion (68 per cent) used 

experience and visual assessment to guide their drench decisions. This indicates that the two 

practices are not generally mutually exclusive, especially for those who do FEC testing. 

Based on participants’ comments during interview, there are very few producers who would 

not use their experience and visual assessment to help guide their drench decision. Many 

times it was the latter which informed their decision to do a FEC test in order to confirm 

their suspicions of ill-thrift or infection and the need to drench. 

Just over half of participants indicated that they never used an approved drench plan 

designed for a particular region, such as WormKill in Northern New South Wales. Although 

some 40 per cent indicated that they ‘Always’ followed an approved drench plan, most of 

these respondents (20 of 25) were from Victoria and were referring to a drench plan drawn 

up by a consulting veterinarian specifically for their property, rather than a state or region-

wide plan drawn up by a state department of agriculture. 

Most participants (61 per cent) did not approve of opportunistic drenching. Where 

opportunistic was described as drenching when it was convenient rather than because 

drenching was required or scheduled. Some participants (21 per cent) did indicate they 

carried out opportunistic drenching, however for most of these producers, the opportunity 
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was ‘planned’ and was in reality part of a routine that involved improving task efficiency by 

combining drenching with some other management activity, such as lamb marking. 

Drench rotation to improve the efficacy of drenches was practiced by 85 per cent of 

participants, while nearly 13 per cent ‘Never’ rotated their drenches. Of those respondents 

who did rotate drenches, this involved rotating based not on the results of a drench 

resistance test, but referred to rotating drench types (though not necessarily families – 

although many did indicate they would rotate a white with a clear drench). Of those who did 

not rotate, most indicated that they did however do drench resistance testing on a regular 

basis (5 of 8 people) or every ten years in one case. 

Nearly half (48 per cent) of all participants indicated that they conducted regular drench 

resistance tests (DRT), where regular refers to the recommended frequency of every 2-3 

years. However, 42 per cent also indicated that they never did regular drench resistance 

tests, with the implication also that they had not done one in the last 2-3 years. Most 

participants indicated that they had or were more likely to support conducting drench 

resistance tests every ten years (87 per cent). Some 21 per cent indicated that they had 

never carried out a drench resistance test. Around 74 per cent indicated that they thought 

never doing a drench resistance test was not something they would do. 

Most interview participants (66 per cent) supported the idea of cleaning paddocks (using 

various, non-specified methods). Around 19 per cent indicated that they did this sometimes, 

usually for a specific class of sheep such as lactating ewes or weaners. Only 14 per cent 

indicated that they never cleaned paddocks. Some of those who believed in the value of 

clean paddocks, indicated that they couldn’t always clean paddocks because of the drought – 

so they weren’t able to spell paddocks at all. This was particularly the case in Victoria at the 

time of interview where the drought was ongoing as they did not receive winter rainfall. 



- 202 - 

Most participants did not supplementary feed specifically for worm management (56 per 

cent). Some indicated that they could not see how feeding could affect worm management. 

Nearly one third did supplementary feed, but it was not always clear whether this was 

specifically for worm management. Based on comments, most producers in this category 

tended to agree that supplementary feeding could have a beneficial impact on resistance 

even if they did not specifically use it for this purpose. Around 13 per cent sometimes 

provided supplementary feed, but for the most part this was not specifically with the aim of 

worm management. 

A majority of respondents (60 per cent) did not select EBV tested rams, with responses split 

fairly evenly between the two regions. In Victoria, most participants were unsure of the 

value of EBV testing, because they were not convinced that resistance was a heritable trait. 

For those who were interested in the idea, almost all did not know where to source an 

EBV-tested ram. In the New England, where there are several highly-regarded EBV tested 

ram breeding studs, most participants knew where to source them, but not all were 

convinced of the value. Comments reflected that most of the ‘evidence’ so far was 

‘anecdotal’ and that they would wait and see the results before investing in EBV tested rams. 

In general, almost half of all interview participants did not use set targets to monitor weights 

and condition scores (48 per cent). Of all the producers interviewed only one (in Victoria) 

had a set of scales for weighing. Most participants who did not monitor weights indicated 

that purchasing scales was too expensive and weighing was too time consuming. Many did 

not use formal condition scoring or have targets for condition scores, but indicated that they 

had an idea in their head of what the sheep should look like using visual assessment. Nearly 

28 per cent of participants indicated that they did monitor their sheep – but again this was 

mainly the assessment of condition using an informal visual assessment. Based on comments, 
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most producers were not keen or convinced of the need to monitor weights or to keep a 

written history or target for condition scores. 

About 40 per cent of producers kept written paddock histories of some kind (usually in a 

small field notebook). However this was not specifically targeted towards worm 

management. Some 48 per cent did not keep written paddock histories, with most of these 

people indicating they had all the information in their head. Most did not see the need to 

keep written histories and were not sure of the value specifically in the context of worm 

management. 

7.5.2.1 RAPID APPRAISAL OF FARMING APPROACH 

Based on the results of the KSPs interviewees used, a rapid appraisal technique was used to 

represent the broad management approaches represented by the combination of KSP 

preferences indicated by producers. The approaches were categorised as follows. 

• Traditional (tended to use visual assessment and a lack of new innovations);  

• Mixed (used a mix of visual assessment and some innovations, typically FEC testing);  

• Modern (relied only on results from tests such as FEC when making drenching and 

other worm control decisions);  and 

• Alternate (was an holistic farmer or did not rely on drenches for worm control).  

Nearly 50 per cent of producers interviewed fell into the Mixed category (31; 14 in VIC and 

17 in NE); 12 producers were categorized as Traditional (six in VIC and six in NE); 13 were 

categorised as Modern (nine in Vic and four in NE); and six were categorised as Alternative 

(two in VIC and four in NE). 
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7.5.3 Summary and Discussion 

A major thread running through comments relating to the worm control tools presented to 

producers as part of the personal interviews, was that an impediment to using a skill or 

practice was lack of knowledge and/or not being convinced of its effectiveness or utility for 

worm management. Skills and practices falling into this category include: 

• regular FEC testing (3-4 weeks); 

• supplementary feeding specifically for worm management; 

• selecting EBV tested rams; 

• using set targets for monitoring weights and condition scores; and 

• keeping written paddock histories. 

Most producers indicated a preference for not keeping written records and tended to store 

everything in their heads. Whilst many participants did not actually conduct drench 

resistance testing every 2-3 years, many could see the utility in this time frame, and believed 

that leaving testing for ten years was useless because ‘the horse has already bolted’. A 

cautionary note with regards to drench resistance testing is that many producers who 

indicated they had tested, did not use a formal DrenchRite test, rather they were conducting 

informal tests on the drench they had most recently used using WEC testing. A major 

impediment to DRT testing was both cost, and the ‘hassle’ of the test itself. This was similar 

for WEC testing also, where the cost of individual tests was seen as onerous for regular 

testing, and the time to get samples and then receive the results back was considered 

cumbersome and slow. As indicated above, many producers were not collecting samples in 
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the paddock, but were taking samples when the sheep were already in the yard awaiting 

drenching. This is not recommended practice for collecting WEC samples. 

Rotating drenches is common practice, though not all producers really understood the 

theory behind it. Further, many who were rotating drenches had not done a drench 

resistance test, so were unaware of whether their drenches were in fact effective. 

Cleaning paddocks, though also common, was seen to be impossible in poor seasonal 

conditions and seems to be a practice that is quickly stopped when conditions deteriorate. 

There were a minority of producers who challenged whether paddocks could actually be 

‘cleaned’. Some producers did not regularly rotate stock through paddocks for cleaning, but 

did try to maintain a ‘clean’ paddock for lambing. For some producers the need to ‘plan 

ahead’ was an impediment, and one Victorian producer commented that he was finding the 

Best Wool program handy because it was encouraging and teaching him to do this. 

A rapid appraisal of management approaches based on practices used was undertaken. The 

approaches were categorised into Traditional, Mixed Methods, Modern, Alternate.  

7.6 Differences between Researchers and Producers Regarding 
IPM Knowledge, Skills and Practices 

7.6.1 Introduction 

Although there were three different instruments used to examine different aspects of 

producers’ perceptions and use of integrated IPM knowledge, skills and practices (KSP’s), the 

method most suitable for direct comparison with the researchers is the focus group. The 

Delphi Process and Focus Group are most similar in nature, with the main differences being 

the mode of communication (e-mail vs. fact-to-face); the setting (individual vs. group); and 

the time available for comment. However, both groups had opportunities to refine a group-

created list and to comment on other participants’ comments – using different modes 
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(researchers via e-mail and producers in a group setting). I consider the techniques to be 

similar enough in focus and outcome to be able to compare the results at a broad level. 

7.6.2 Types of Knowledge 

The two tables representing the compiled results for both researchers and producers are 

presented again below for convenience (Tables 7.15 and 7.16).  It is immediately apparent 

from these tables that the major difference between researchers and producers is the belief 

in the most important type of knowledge. For researchers, the predominant knowledge type 

is conceptual (C1 and C2: 50 per cent Researchers versus 18 per cent for Producers), while 

for the producers, procedural knowledge is dominant (P1, P2 and P3: 80 per cent for 

Producers versus 41 per cent for Researchers). From these results also it is apparent that, 

despite a dominance of conceptual knowledge, Researchers are more likely to mention 

procedural and conceptual knowledge items, as opposed to the producers, who were more 

likely to mention procedural knowledge items only. 

Table 7.15. Knowledge types occurring in researcher Delphi list 

Type of Knowledge Number in List Percentage (%) 

C1 15 20 

C2 21 28 

P1 14 19 

P2 10 14 

P3 6 8 

D 8 11 

Total 74 100 
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Table 7.16. Knowledge types from Producer Focus Groups 

Type of Knowledge Number in List Percentage (%) 

C1 0 0 

C2 12 18 

P1 26 39 

P2 25 38 

P3 2 3 

D 1 2 

Total 66 100 

Knowledge items related to disposition were mentioned more frequently by researchers (11 

per cent) than by producers (2 per cent). However, producers were not specifically asked 

about characteristics of people managing parasites, only to list knowledge, skills and practices 

necessary to manage parasites. Comments from the interviews suggest that producers do 

have an idea of some of the characteristics needed for ‘good’ farming. One of the most 

frequently mentioned was an ability and willingness to plan, rather than reacting to problems. 

People who were not planners were viewed as “flying by the seat of their pants”. 

Producers meanwhile tend to be much more focused on the practices and skills necessary, 

but are not restricted to the low-level P1 skills; rather they are also interested in more 

strategic approaches also. This is most evident with regards to the idea of cleaning paddocks 

using various sheep/sheep; sheep/cattle, sheep/crop or stubble, or paddock rotational 

systems. Understanding how genetics can be used to improve worm resistance is a higher, 

P3-level, item that some producers are also interested in. 

Comments from the interviews suggest that there is a broad range of interest amongst 

producers regarding how much theory they require in order to manage. The majority of 

comments tended to suggest that producers had a basic understanding of when worms were 

active (i.e. time of year or type of season), but there was no evidence of more in-depth 
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understanding of parasite epidemiology (such as the full lifecycle) – something that 

researchers view as helpful to making drench decisions. One producer commented that he 

didn’t want to understand about the worm lifecycle, he just wanted to be told when to 

drench (based on FEC results). Other producers were very keen to understand the ‘why’s 

behind the use of particular practices, especially those producers who had a university 

degree. These people tended to not only want experiential proof (through trials) but also 

sound theoretical reasoning. For example, one Victorian producer with a science degree 

went at lengths to describe the reasons for FEC being a ‘blunt tool’ and the need for more 

accurate methods for determining levels of worm infection. 

Table 7.17. Summary of Researcher’s Knowledge Types as a Percentage of Practice 

Knowledge Type (%) Practice Code 

P1 P2 P3 C1 C2 D 

Total 

 

DS 4 4 3 7 3 0 20 

CP 0 1 0 0 4 0 5 

MON 5 3 0 4 3 0 15 

NUT 1 1 1 3 1 0 8 

GEN 1 1 0 0 5 0 8 

QUA 1 1 0 0 0 0 3 

PADHIST 0 1 0 0 0 0 1 

GFM 4 0 4 1 1 7 18 

MISC 1 0 0 5 11 4 22 

Total 19 14 8 20 28 11 100 
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Table 7.18. Summary of Producer’s Knowledge Types as a Percentage of Practice 

Knowledge Type (%) Practice Code 

P1 P2 P3 C1 C2 D 

Total 

 

DS 20 6 2 0 2 0 29 

CP 3 20 0 0 6 2 30 

MON 12 0 0 0 2 0 14 

NUT 3 5 0 0 5 0 12 

GEN 0 2 0 0 5 0 6 

QUA 0 3 0 0 0 0 3 

HUSB 0 2 2 0 0 0 3 

PADHIST 2 0 0 0 0 0 2 

GFM 0 2 0 0 0 0 2 

Total 39 38 3 0 18 2 100 

7.6.3 Drenching and Related Techniques 

Drenching or having a drench strategy comprised 20 per cent of the researcher’s list of KSPs 

(see Table 7.17). Of these 13 items, two were categorised as P1 items (e.g. calibrate drench 

gun correctly) while four were categorised as C1 (e.g. knowledge of drench groups). Four 

items were either P2 or P3 (e.g. ability to determine non-strategic drenching) and another 

two were C2, (e.g. understand correct choice of drench for specific treatment situations). 

There was one item that was categorised as C1, P1 & P2 as it was a multi-component KTP – 

‘Demonstrate ability to control worms through acceptable number of annual drenches and 

minimising sheep weight loss’. Hence, just over half of the items represented higher-level 

conceptual or procedural knowledge. 

Focus group participants also had a strong focus on KSPs related to drenching, with some 30 

per cent of items relating to drenching or a drenching strategy (29 per cent, see Table 7.18). 

Of these 19 items, 13 items were categorised as P1; four as P2; one was a P3; and one as 
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C2. There is a clear preference for P1 items; with these almost double the higher level 

knowledge types. 

In general, it could be said that producers, as mentioned in earlier sections, have a relatively 

high reliance on the use of drenches, which has tended to result in a focus on methods of 

management closely related to drenching – such as WEC and rotating drenches. However 

there is some anecdotal evidence from the interviews to suggest that producers do not 

necessarily understand these methods adequately.  One Victorian producer said of rotating 

drenches  

“Rotate drenches - during the year, one time buy this, the next time buy that.”  

Another NE producer had never done FEC testing or DRTs and did not know how to get 

these done. A further producer had no idea about the drench families and how he should 

therefore rotate them. His current rotation tended to be based on the name of the drench, 

rather than the contents. 

It could also be suggested that the reliance on drenching, and a tendency to carry out 

activities at the same time each year regardless of other factors, has stunted the 

development of more critical approaches to worm management that require an 

understanding of parasite and sheep biology. The outcome of such an approach where there 

is little understanding of the epidemiology and the factors that can impact on worm 

infestations and growth (and why), is that producers have a tendency to be reactive to 

adverse situations that arise unexpectedly through monitoring or visual cues (such as sheep 

dying), rather than being responsive to regular monitoring and avoiding sudden shocks. A 

more monitored system can provide early warning of potential problems, thereby cushioning 

and reducing the impact through proactive responsiveness. 
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7.6.4 Monitoring Activities: WEC and DRT 

There were nine items listed by researchers that relate to monitoring activities (14.86 per 

cent – Table 7.17). Of these three were categorised as P1; while two were C1 items; and 

the same number of C2 items (Table 7.3). Two items were multi-category items (P1/P2 and 

C1/P2). For researchers then monitoring is an activity that requires a range of skill and 

knowledge levels. 

From the producer perspective, there were also nine items mentioned, with the breakdown 

into knowledge categories as follows: 12 per cent categorised as P1 and 2 per cent C2 

(Table 7.18). There is an obvious focus on technical skills for the producers, who mainly 

simply nominated FEC testing as something they should or could use for worm management 

(i.e. not necessarily as part of a monitoring strategy). I gained a strong impression from the 

personal interviews that many producers do not have a monitoring strategy using FEC, but 

instead are more reactive or casual about when they carry out a test (e.g. decision to test 

may be based on visual assessment of ill-thrift in the flock, or follow inclement weather). As 

one interviewees stated: 

“I FEC now and then, its problem based, when needed”; 

while yet another said: 

“If you don’t test you really don’t know where you’re going, although I should be 
testing more, I probably only do a random test 2-3 times a year. Sort of as I think 
maybe they might need it - use visual assessment a little”. 

As mentioned above, comments from the personal interviews suggest that it is unclear how 

much producers understand about FEC and how it is used most effectively and 

appropriately. For example, many producers, particularly in Victoria, indicated that they did 

not collect samples for FEC in the paddock as recommended, but rather yarded the sheep 

and then collected the samples. 
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“If I could just snap my fingers and do a FEC test I’d do them. If I could just point 
a machine at them... Its cumbersome. Usually bring them into the yard to get a 
sample.”,  

while another stated 

“FEC pretty regularly, but every now and then. Do when coming into winter, see a 
problem after only drenching say six weeks ago. Don’t drench every 6 weeks 
regardless. Don’t FEC as much since doing capsuling. Do drench on results. 
Collect samples both in-paddock and in yards. Often do it while running them in.” 

This tends to lead to the producer starting drenching before having the results back, and 

also complaining that the results take too long to be useful for making a decision (even when 

faxed or e-mailed to them). As one producer stated: 

“Drench fairly regularly with a cheap drench, I’ve got better control over the 
worms, by the time you get your test you’ve got your sheep all drenched”. 

This method of FEC sampling indicates an underlying misunderstanding of how FEC works, 

as well as indicating a failure to plan ahead due to a tendency, as discussed elsewhere above, 

for producers to undertake certain activities at the same time each year regardless of other 

factors. 

Many producers are also uncertain of what FEC results mean and rely heavily on the advice 

written on their results by the vet to drench or not. A frequent complaint with FEC results 

was “I got a result that was low and then the sheep started falling over”. This type of 

comment again indicates an underlying lack of knowledge about what FEC results mean, as 

well as a certain amount of ignorance about the worm lifecycle. Further, the outcome of 

such a situation tends to be an abandonment of FEC monitoring and a return to the use of 

visual assessment only. Such outcomes have serious implications for the extension and 

adoption of IPM monitoring strategies. 
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7.6.5 Cleaning Paddocks and Rotational Grazing 

This category is interesting because although producers mentioned it quite frequently, 

second only to drenching, the researchers mentioned only three items relevant to cleaning 

paddocks and rotational grazing (Table 7.2). For researchers, rotational grazing and cleaning 

paddocks represented only 5 per cent of their list (Table 7.17). Of the three items two were 

C2s and one was a multi-category item (P2/C2). 

For producers however, cleaning paddock or rotational systems represented 30.31 per cent 

of their list (Table 7.18). Of these items, only three per cent were P1 items, while the 

majority (19.70 per cent) were P2 items (table 7.20). Four items nominated by producers 

were C2s and one was dispositional (relating to seeking advice to vets) (see Table 7.11). 

Although it is clear many of the participating producers believe that rotational grazing 

systems have benefit and can be used to ‘clean paddocks’, it is not at all certain that they 

understand how and why this works. Nor is there evidence for some that they are highly 

committed to the principles of rotational systems. This tends to be evidenced in a couple of 

ways. 

Firstly, spelling paddocks, or rotational grazing with the aim of cleaning paddocks, is one of 

the first practices to disappear in times of hardship – particularly during drought. Several 

Victorian producers made comments similar to the ones below: 

“Don’t find cleaning paddocks much of a problem...just don’t get a chance”  

or 

“This year has been the worst year of drought. Cleaning paddocks has been 
impossible this year”. 
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There are several factors at work here, which include overstocking and an inadequate 

rotation system e.g. such as having too few paddocks in the system. Secondly, anecdotal 

evidence obtained through the personal interviews suggests that while many farmers might 

say they believe rotational grazing helps, some cannot, or will not, put in place the 

infrastructure necessary to create an effective system. In some cases producers with cattle 

are not utilising the cattle to clean paddocks by running them in front of the sheep, despite 

indicating they knew about this as a potential method for reducing worm infestations. Such 

examples of the differences and beliefs and actions indicate that there are dispositional issues 

at work as well as issues of knowledge and ignorance. Some researchers from the more 

traditional fields of agricultural economics may posit that these types of dissonance between 

thought and action are indicative of risk aversion, however it should be acknowledged that 

beliefs, values, habit and other dispositional attributes may have a greater role than 

previously allowed for under this approach to examining producer decision-making. 

There is a clear difference between researchers and producers regarding the emphasis 

placed on rotational grazing systems and IPM. This is both a positive and worrying result in 

the case of producers. It is positive because it indicates that years of extension about grazing 

management, since about the 1990s when rotation systems were re-introduced, have had an 

impact. The negative relates more to the need to now widen producers’ focus to include 

other management practices that can work in conjunction with drenching and grazing 

management, as well as to ascertain and ensure that producers understand grazing 

management within the context of worm control, rather than just as a pasture management 

technique. Further, researchers and extension providers should be aware of how much of 

the reasoning behind rotational systems producers understand, as opposed to the 

procedural knowledge, since this more conceptual understanding is important to monitoring 

and accuracy and efficacy of responsiveness to the results of monitoring. 
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The main reason that the researchers’ list did not have a large number of items related to 

cleaning paddocks and rotational grazing systems, is that the three items mentioned by 

researchers were broad in nature. Further, they represented higher-level conceptual and 

procedural knowledge, rather than low-level procedural knowledge in particular. Although 

the majority of producers’ items were classified as P2, to some extent this is reflective that 

the use of rotational systems requires a more strategic approach in general. In some cases, it 

was clear from the personal interviews that whilst producers may rotate paddocks, it was 

more for pasture management than for worm control specifically. Results from the survey 

for instance indicated that only 28 per cent of responding producers used pasture 

management for worm control. Hence, although I have classified the CP items as P2s for the 

majority of cases, in some instances, producers may have more focus on the mechanics of 

the process rather than its use as a worm management tool. It should be noted also that 

there was a minority group of producers who did not believe that you could ‘clean’ 

paddocks at all. 

The results from the focus groups, survey and interviews suggest that there is some need to 

explore how producers use rotational grazing systems and increase awareness about its use 

as a worm management tool. Further, due to producers’ need to be convinced that there is 

‘proof’ that grazing management systems can help with worms, this information also needs 

to be made available in an appropriate and relevant manner. 

7.6.6 Sheep Nutrition 

Researchers nominated five items relevant to nutrition, representing eight per cent of their 

total list (Table 7.17). Of these five items three were P1, C1 and C2 items, one was a P3 

(Identification of supplementation strategies) and another was a multi-category item (P2/C1). 

Again, this was a mixed list of items, with nearly equal numbers of low-level and high-level 

knowledge items. 
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Producers nominated eight items relating to nutrition, representing about 12 per cent of 

their full list (Table 7.18). There was again an emphasis on procedural knowledge, with more 

than half of the items procedural in nature. Specifically there were four P1 items and one P2 

item. The remaining nutrition items were categorised as C1 (two items) and one C2 item. 

These results indicate a more low-level approach to nutrition, with much of the 

supplementary feeding mentioned related more to drought or winter feed than to worm 

management specifically. Comments from the personal interviews indicated that many 

producers were not aware that feeding could be used for worm management, but 

considered it an interesting idea in which they could see some value. Producers who took 

this view indicated they would be interested in knowing more and might even try it if they 

had more information and evidence that it would work in their situation. A key concern 

raised in the interviews regarding supplementary feeding however was the issue of cost and 

in times of drought (as was the case during interviews) the availability of feed for purchase. 

If the IPM-s program is to be successful at encouraging the use of feed for worm 

management, there is an obvious need to provide more information and to carry out further 

trials specifically addressing and showing evidence of a relationship between feed and worms, 

and that this is indeed a way to help improve sheep resistance to infection. 

7.6.7 Genetics and Breeding 

Researchers listed five items related to genetics, representing eight per cent of their total 

list. Of these items, one item was categorised at P2, three were C2s and one was a 

combined P1/C2 category. Most of the items are high-level conceptual and relate to 

understanding how ram breeding can be used in parasite control. 

Genetics items totaled three in the producers’ list, representing only six per cent of their 

total list. Of the three items listed two were categorised as C1 and one was a multi-category 
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P2/C2 item. Mostly, producers simply mentioned that genetics could be used without 

providing any further depth of information, hence the categorisation as C1 for two of the 

items. Anecdotal evidence from the personal interviews indicated that there was a paucity of 

understanding about ram breeding and the general value of the EBV system, with most 

Victorian producers not aware of how to source such a ram. Although New England 

producers were more knowledgeable about sourcing EBV rams, they were not convinced of 

the heritability of the trait. 

There is much work to be done to convince producers of the value of selecting EBV-tested 

rams and in proving the heritability of the resistance trait. This was especially obvious during 

the personal interviews where many commented that they knew very little about it and 

were not sure if such breeding would work and be worth the trouble to source and possibly 

pay more for EBV-tested rams. Further, many producers indicated they had their own 

informal breeding system where continually wormy sheep were culled. 

7.6.8 Good Farm Management 

Good farm management was a relatively large group for researchers, representing about 18 

per cent of their total list (Table 7.17). Of the items mentioned five were dispositional e.g. 

ability to think critically and independently. Three items were categorised as P1s; and three 

as P3s. The remaining two were one each of C1 and C2. The P3 items related specifically to 

having strategic approaches that received feedback through monitoring. 

Producers nominated only one GFM item – ‘mob size’. This was categorised as a GFM 

because it relates to having a sensible stocking rate for the property and for sheep 

movements in general. This was categorised as a P2 because it requires some analysis of 

property characteristics and an understanding of the carrying capacity of the land based on 

experience. 
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The number of GFM items in the researchers list, it could be argued, indicates that 

researchers do have a perception of what a ‘good farm manager’ is based primarily on 

disposition – willingness to try new things, to be analytical, keep up-to-date with industry 

trends, have good record keeping skills etc.  These are a group of characteristics that could 

be used for further investigation into researchers perception about ‘good farm managers’ as 

well as looking into what producers believe are the attributes of good managers. Some of 

these attributes can be gleaned from the personal interviews, where participants frequently 

mentioned planning as a key characteristic. Further discussion of the personal interviews will 

take place in Chapters 8 and 9. 

7.6.9 Miscellaneous 

The ‘Miscellaneous’ group contains items that were not mentioned enough by both groups 

to warrant their own category. Miscellaneous items include animal husbandry (e.g. weaning 

age and length of joining), information gathering, understanding of drench resistance and 

quarantine strategies. 

A key group for researchers was information networks and the ability to interpret 

information (see Table 7.7). Of the 18 items in the miscellaneous group (Table 7.7), four 

related to information gathering or the use of information sources. Worm lifecycle and 

epidemiology and understanding the clinical signs of anaemia also featured on the 

researchers’ list, as did producers having an understanding of drench resistance and refugia. 

Having a quarantine strategy or quarantine drenching represented two items on their list. 

Three of the Miscellaneous items were dispositional, with one other a combined P1/D. 

These all related to the gathering or interpretation of information. There was one P1 item; 

two P2s; four C1s and seven C2 items. The list is heavily focused on conceptual knowledge, 

followed by disposition and then procedural knowledge. 
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There were no items on the producers’ list that could be described as miscellaneous. 

However, of the items not already mentioned above, there were several relating to animal 

husbandry which were categorised as P2 and P3. Not unusually the focus for producers was 

on procedural knowledge items, but not at the low level. The procedural items tended to 

relate to having a strategy, with the P3 item in particular requiring the preparation of 

paddocks for weaned sheep and adequate nutritional management. 

Producers did not mention the gathering or analysis of information as part of worm 

management during the focus groups, however during the personal interviews when asked 

about “what factors do you consider before trying something new or different on your 

property” producers frequently indicated that gathering more information was important. 

Further, producers were quite specific about indicating that they required convincing in the 

form of ‘evidence’ or ‘proof’ that something would work in their situation before trying it. 

This indicates the tendency for seeking out information and interpreting it as relevant for 

their situation. 

Although producers did not often specifically talk about ‘having a strategy’ in the focus 

groups, during the personal interviews it was clear that planning at some level was a key 

component of their management style. Producers often nominated planning as a key aspect 

of management (and was a common construct supplied during the interview process). 

Further, despite not enunciating an integrated or strategic approach during the focus groups 

or during personal interviews, there is evidence that producers have a preference for 

thinking ‘holistically’ or in a ‘system’-like manner. Evidence for this lies in the design of the 

personal interviews, where the interview questioning had to be altered in order to 

accommodate the tendency for producers to see all elements (KSPs) of management as 

‘related’. This tendency to relate each KSP to another resulted in alteration of the interview 



- 220 - 

so that producer would not do this, but consider each KSP separately. This is discussed 

further in Chapter 8. 

One of the differences we see then in the approach of researchers and producers, is the 

preference of researchers (scientists in this case) to be able to break things down into their 

component parts, while producers tended to lump everything together and assume 

interrelationships – but not enunciate them. This suggests a need to more closely examine 

the impact these different perspectives have on extension in particular, with producer 

probably relating better to new KSPs if the relationships to other, already used, KSPs are 

made clear. This could help reduce uncertainty. 

7.6.10 Summary 

Although these results are not conclusive, and further, more in-depth research is required 

to speak with any authority, there is I would argue, a clear indication from these results that 

Researchers and Producers approach worm management differently, and have deep-rooted 

beliefs in the utility, and value, of different knowledge types. Researchers have a strong belief 

in the utility and value of conceptual knowledge, while producers are concerned primarily 

with procedural knowledge. The following results chapters will focus on gaining a better 

understanding of producers’ perceptions of the skills and practices used for worm 

management and how this understanding might be used to create more effective research 

programs that meet producers needs, as well as developing extension approaches and 

material that encourage adoption. Chapter 8 will examine the data results from this study in 

the context of decision-making and adoption, while Chapter 9 will address the concept of 

farming style indicators. 



Chapter 8 Decision-making: The Repertory Grid & 
Producer Perceptions 

8.1 Introduction 

8.2 Personal Interviews – General Overview 

8.2.1 Introduction 

8.2.2 Factors for Consideration when adopting a new or different skill or practice 

8.2.3 Producer Constructs 

8.2.4 Summary of qualitative analysis 

8.3 Principle Components Analysis 

8.3.1 Introduction 

8.3.2 Principle Components Analysis of individual grid data 

8.3.3 PCA across all grids using construct means 

8.4 Discrepancy Matrix 

8.4.1 Introduction 

8.4.2 Presentation of Results 

8.5 Discussion of Results 

8.5.1 Summary 

8.5.2 FEC Testing 

8.5.3 Drenching based on experience and opportunity 

8.5.4 Following an approved drench plan 

8.5.5 Rotating drenches 

8.5.6 Drench resistance testing 

8.5.7 Supplementary feeding to manage worms 

8.5.8 Selecting EBV-tested rams to manage worms 

8.5.9 Using set targets for ewes and weaners to monitor weights and condition 
scores 

8.5.10 Keeping written paddock histories to help manage worms 

8.5.11 Summary 
 

8.1 Introduction 

This Chapter will examine the role of risk, uncertainty and socio-cultural factors affecting 

producers’ decision-making. This investigation is specifically concerned with the data 

gathered from the repertory grid personal interviews. A mixture of quantitative and 

qualitative analyses will be presented since the interviews included several open-ended 

questions at the beginning, followed by the repertory grid interview. The repertory grid 
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provides an opportunity to quantify results in order to detect potential patterns among 

responses. The data will also be examined in relation to the current hierarchical model of 

decision-making typically applied by agricultural economists to determine how it might be 

modified to accommodate more socio-cultural information. An emphasis is placed on 

uncertainty (defined primarily as a lack of knowledge – see chapter 4 for more detail) rather 

than risk as a major initial factor affecting the decision-making process. 

Section One of this chapter will provide a qualitative overview of the personal interviews 

and identify aspects of producers’ perceptions and practices that may prove problematic for 

the extension of IPM-s. It will also look at how the Repertory Grid interview can contribute 

to understanding producer perceptions and the decision-making process. 

Section two will present the dimensionality of the data derived from the Repertory Grid. 

This analysis is aimed at examining the mix of drivers in decision making and attempting to 

see how complex producers’ decision-making analyses are via the number of dimensions 

represented by factors used in decision-making. This analysis is focussed primarily on the 

Repertory Grid data.  

A third section of this chapter discusses the responses of producers to a range of worm 

control skills and practices, comparing their perceptions and actual use of these skills and 

practices. This comparison between practice and perception is presented as a discrepancy 

matrix. This matrix is an attempt to represent the discrepancy between actions and 

perceptions and suggests ideas for moving the two closer together.  

The final section will provide a summary of the above analyses and relate these further to 

the themes discussed in Chapter 5.0. As stated above, of particular concern in this chapter is 

an examination of the decision-making process and the factors that influence producers’ 
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decision-making as gleaned from the use of the Repertory Grid technique. 

Recommendations for improving the procedure for future use will also be outlined. 

8.2 Personal Interviews – General Overview 

8.2.1 Introduction 

The interview process worked well for most producers, with the opening questions allowing 

the producers time to talk about their current practices and helping to focus them on the 

issue of worm control. The repertory grid style of interviewing was completed successfully 

by most producers, although it seemed more difficult for those who were not conceptual, or 

practical, thinkers (i.e. those who could not provide an opinion on something unless they 

were actually using it). This seemed particularly to be the older producers interviewed. 

There were issues of non-response for some of the producers using alternative, holistic 

management practices, with several of these interviewees unable to comment on some of 

the drench-related questions since it was not relevant to their current operation. 

Notwithstanding this, because it was stressed to people that I was looking for their opinion 

or perception even if they didn’t use the practice, others were happy to provide a rating for 

practices they did not currently use. This was especially relevant to producers who had 

moved from a drench-based system to an alternative one. The repertory grid interview also 

appeared to be problematic for a small number of producers who did not feel comfortable 

with the idea of being ‘pigeon-holed’ by their ratings, and these people struggled on occasion 

to give a polarised answer, opting instead for a neutral rating or a zero (not applicable). 

An aspect of the New England interviews that was of note, was the tendency for there to be 

a larger number of participants having adopted, moving towards or thinking about, more 

holistic management or organic style farming systems. There are a couple of potential 

reasons for this. One relates to the prevalence of Haemonchosis in the New England region, 
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which can kill large numbers of sheep. With the rise of resistance to drenches, the issue is 

perhaps placed in sharper perspective for New England farmers, and this may be driving 

people to consider less drench-reliant systems. Secondly, the long-term nature of the 

drought here could also be causing people to consider alternative ways of protecting their 

pasture, water supplies and animal health, since mainstream techniques have not historically 

coped well with drought conditions. 

8.2.2 Factors for Consideration when adopting a new or different skill or 
practice 

The interview commenced with a question to producers about the factors they consider 

when thinking about trying a new skill, product or practice on their property. The question 

was in general, and not specifically related to worm control, and when required I prompted 

producers to think about the new options being brought out for mulesing, since this was a 

current topic at the time. Table 8.1 presents the list of the factors nominated by producers. 

The factors have been divided based on region to allow some comparison. 

The factors of most concern to producers appeared to be the actual cost of a product, with 

just over half of all interviewees nominating this as a concern (58 per cent). Cost was 

followed by whether or not a product, skill or practice was ‘Trialed/Proven to work’, with 

just under half (46.8 per cent) indicating this was a factor in their decision-making. Over one 

third (35 per cent) of all interviewees nominated ‘Profit Benefit’ as a consideration. Other 

factors receiving frequent mention included time and labour (both 27 per cent), animal 

health and reliable source of information (both 25.8 per cent), scientific basis (24.2 per cent) 

and Fits in with management/Can integrate (21 per cent).  

The above results, although from a small sample, give an indication of the initial complexity 

of the decision to adopt. Although cost and profit play a major part, producers are also very 

concerned about whether innovations actually work, where the evidence for this comes 
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from and whether the innovation will fit into their management approach. These latter 

aspects represented 29.6 per cent of all comments made by producers (as opposed to the 

proportion of producers who mentioned it). Cost and profit related factors (including 

productivity) represented on the other hand 26.3 per cent of all comments. This indicates 

that whilst factors relating to money are important, they cannot explain all or even most of 

the reasons why producers choose to adopt a new skill, practice or product on their 

property. 

Table 8.1. Factors affecting producers’ decision to adopt new innovations 

Factor Number of Times 
Mentioned 

     
 

 

 Victoria New 
England 

Total % Producers 
mentioning 

this 

% Of total 
comments 
to nearest 
whole no. 

Productivity 4 3 7 11.3 3 

Profit Benefit 13 9 22 35.5 9 

Cost 20 16 36 58.0 15 

Scientific basis 8 7 15 24.2 6 

Labour 10 7 17 27.4 7 

Time 8 9 17 27.4 7 

Easy to use 7 1 8 12.9 3 

Fits in with 
management/Can Integrate 

7 6 13 21.0 5 

Trialed/Proven to work 14 15 29 46.8 12 

Animal Health 9 7 16 25.8 6 

Effective 0 8 8 12.9 3 

Sustainable 1 3 4 6.4 2 

Safety Issues 0 1 1 1.6 0.4 

Source of Info 9 7 16 25.8 6 

Practical 3 4 7 11.3 3 

Applicable 4 1 5 8.0 2 

Reading 4 7 11 17.7 4 

Field Days 3 3 6 9.7 4 

Neighbours 5 3 8 12.9 3 

Enjoyable 1 0 1 1.6 0.4 



- 226 - 

8.2.3 Producer Constructs 

A common practice when using the repertory grid technique (as explained in Chapter 6) is 

to elicit constructs from the interviewee in order to better understand their way of thinking. 

Using this method typically requires several hours of interviewing time with the person being 

interviewed. Given that producers tend to be time poor and time conscious, it was decided 

to provide a range of constructs. This also had the effect, as explained in Chapter 6, of 

standardising the results to allow quantitative analysis of the repertory grid results. An 

attempt was made however to elicit some constructs from producers for qualitative 

purposes and these are discussed below. 

Each producer was asked to nominate a descriptive word or phrase to describe either how 

he or she managed, or what he or she considered good management. Interviewees were 

then asked to try and think of the opposite of, or a contrast to, this term or phrase. Many 

producers found it difficult to provide an opposite (which is not unusual as the repertory 

grid process is meant to be challenging in a way we typically don’t challenge ourselves in 

everyday life). One of the reasons for this difficulty is related to the nature of the elements. 

Several of the elements (e.g. related to DRT) represented gradations of practice use, 

therefore seemingly representing an ordinal scale. Other elements however were entirely 

separate, as might be expected of a nominal scale. As explained in Chapter 6 (Methodology), 

although seemingly ordinal in scale, the effect of these gradated practices in quite different 

and therefore the distinctions are of great importance – to the point where they are more 

nominal in nature. There is absolutely no similarity in nature or effect between not doing a 

DRT and doing one regularly, or between doing one ‘now and then’ (on an ad hoc basis), 

and conducting regular tests. Producers were able to provide as many pairs as they wished, 

and were given the opportunity to refine meanings until they matched what the producer 
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was attempting to convey (which can often change once the person starts attempting to find 

an opposite or contrasting term or phrase). 

As per standard repertory grid procedure, a content analysis of the elicited constructs has 

been carried out. Jankowicz describes content analysis in the following way: 

Content analysis is a technique in which the constructs of all the interviewees are 
pooled, and categorised according to the meanings they express. The categories 
are derived either from the constructs themselves, by looking at them 
systematically and identifying various themes they express (‘bootstrapping’), or 

from a standard category system which you have encountered in the literature, or 
which stems from some theory with which you’re working.  

(2004, p. 148) 

The Bootstrapping approach was used for the content analysis, with each construct 

representing the unit of analysis for both content and context (Jankowicz 2004). In total, 

there were 22 main categories or themes identified. Table 8.2 shows general explanations of 

the types of construct pairs represented by the theme and subsequent code. It should be 

noted here, that construct pairs do not necessarily contain dictionary opposite terms. 

Rather the interviewee is encouraged to nominate terms that best represent the contrast 

(not necessarily opposite) to them. So for example, for one producer the contrast to a skill 

or practice that improves animal health is ineffective. Whereas for another producer, 

something that is ineffective, is a skill or practice that does not give any reward for effort. 

A second table, Table 8.3, shows a condensed list of the construct pairs provided by 

producers. This list is a standardised version of the 156 construct pairs elicited, using the 

bootstrapping method to create themes.  



- 228 - 

Table 8.2. Explanation of Construct themes 

Code Theme & Explanation Example 

AWARE Allows you to know what’s going on 
e.g. through monitoring 

Good understanding of things v. Not 
certain of things, make mistakes 

CONSID Consider, may do in the future Plan to do v. Wouldn’t consider 

CONVEN Convenient, Fits in with management 
approach 

Don’t require a lot of change v. Difficult to 
include in management 

EASY Easy to do, not hard Easy implementation v. hard to do/difficult 

ECON Economic benefit Improves bottom line v. Financially 
incompetent 

EXPERI Experience, have done it before, is 
known 

Experience with it v. Don’t know enough 

FLEX Flexible, seasonal Flexible/seasonal v. Rigid & unthinking 

NEED Needed, necessary, essential, has to 
be done 

Got to be done v. Pointless, ridiculous, 
stupid 

PLAN Planned, requires planning, routine Routine v. Problem-based 

PRACTIC Practical, common sense Common sense v. Not effective 

PREVENT Preventative, proactive Proactive v. Wait for problem 

PROVEN Scientifically proven Scientifically proven v. anecdotal, ad hoc, 
haphazard 

RESULT Effective, can see results Effective v. No reward for efforts 

SELFKN Self knowledge, not from outside 
source 

Rely on self v. Outside source 

SHEALTH Sheep health Improves animal health v. Not effective 

STRAT Strategic approach Strategic issue v. crisis or 

Long-term planning v. Every day 
management 

STYLE Management style e.g. modern, 
traditional 

Modern farming v. Old style or Looking 
ahead v. Looking back 

TRIAL Has been trialed, proven by trial Tried & proven v. Stuff up 

USEFREQ Use this frequently Tools I use frequently v. Not part of 
operation 

WORTHY Worthwhile, useful, not a waste of 
time 

Applicable v. Wasteful 

MISC Miscellaneous, themes for which only 
one construct pair exists, should 
represent <5% of total 

Improves on something else v. same old 
thing 
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Table 8.3.  Summary table of producer-supplied constructs 

Region Code 

Victoria New England 

Total % of Total 

AWARE 10 3 13 8.3 

CONSID 3 1 5 2.6 

CONVEN 5 1 6 3.8 

EASY 5 0 5 3.2 

ECON 2 1 3 1.9 

FLEX 0 5 5 3.2 

NEED 13 1 14 9 

PLAN 19 21 40 25.6 

PRACTIC 6 1 7 4.5 

PREVENT 5 2 7 4.5 

PROVEN 7 2 9 5.8 

RESULT 7 0 7 4.5 

SELFKN 5 7 12 7.7 

SHEALTH 3 0 3 1.9 

STRAT 3 4 7 4.5 

STYLE 3 2 5 3.2 

TRIAL 2 0 2 1.3 

USEFREQ 3 0 3 1.9 

WORTHY 3 0 3 1.9 

MISC 1 0 1 0.7 

Total 105 51 156 100 

It is evident from Table 8.3 that planning and having a routine were the most frequently 

mentioned construct types. Both regions show a similar preference for planning and routine. 

In the context of the interview, this can be interpreted as meaning that producers prefer a 

planned approach to management and will tend to choose skills and practices that allow 

them to maintain or improve their plan or routine. The interviewees nominating planning or 

routine as a construct representing their own management style, tend to view a lack of 
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routine or planning as being ‘disorganised’, doing this ‘ad hoc’ or ‘haphazardly’ and results in 

‘getting into a mess’. Contrasts supplied also included a ‘problem-based’ approach, ‘impulsive 

management’ and ‘minor disaster’. There was one interviewee however for whom the 

construct ‘routine’ was negative, as it represented a lack of flexibility in the approach – a ‘set 

regime’ as opposed to ‘something in mind all the time’.  

The second most commonly provided construct pairs, were those related to whether a skill 

or practice was needed, or necessary. These constructs however represented only about 

nine per cent of all constructs. This type of construct was far more likely to be provided by 

a Victorian interviewee, with only one New England producer nominating this construct 

theme. The most frequent contrasts given to ‘Necessary’ or ‘Got to be done’ were 

‘wasteful’, ‘stupid’, and ‘irrelevant’. The contrast also sometimes related to the cost, with 

some practices and practices considered necessary, even in the face of being expensive. 

The third most commonly nominated theme was awareness of what was going happening on 

the property or with drenches. Hence tools, such as FEC or DRT, allowed producers to 

understand what was happening with their sheep and drenches and also allowed them to 

‘know where you’re going’. Contrasts to this included ‘guesswork’, ‘feeling your way in the 

dark’, ‘hit and miss’ and ‘irresponsible’. These theme relates back also to the idea of planning 

and having a routine, which also allows you to ‘know what you are doing’. Both these 

themes are further related to the broader issues of having control over and being certain 

and knowledgeable about what is happening on the property – reflecting a certain 

preoccupation with certainty and uncertainty regarding management KSPs and their effects. 

The fourth most common theme related to knowledge and the type of source producers 

felt comfortable with. The theme of self-knowledge (SELFKN), only represented some 7.05 

per cent of responses, but is notable for ranking above other factors such as economics or 
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convenience as being important to producers’ management. Producers who nominated a 

construct under this theme were typically referring to the use of their own common sense 

as being a good management approach, including use of intuition, and also including their 

own experience with practices. Contrasting terms used included, ‘Outside information 

needed’, ‘Outside advice’, ‘Rely on outside –guru’. Guru was used in a derogatory way, with 

most producers mentioning this term indicating that it referred to someone who probably 

has university training but no practical experience.  Related to this theme of self-knowledge, 

or experience, is again the broader concept of knowledge and uncertainty. Many producers 

indicated that they prefer to be certain or knowledgeable based on their own experience. 

That is not to imply that certainty and knowledge is derived solely from themselves (though 

for some people it might be), but rather indicates that at least some part of their own 

experience must allow them to accept the credibility of information from outside sources – 

such as extension professionals or veterinarians. 

Another theme, highly related to SELFKN was PRACTIC – which tended to reflect tools 

considered practical and therefore further representing common sense. PRACTIC 

represented about 4.5 per cent of responses, so combined the broader theme of common 

sense represents around 11 per cent of all responses. Common sense as a theme tends, I 

believe, to represent skills, practices and knowledge that producers have tried and are 

familiar and comfortable with. The importance of self-knowledge is borne out also by 

responses in the Benchmark Survey to the question about who provides the main advice for 

worm control. As discussed in Chapter 9, about 76 per cent of producers indicated it was 

themselves or their staff. 

There were three themes related to skills and practices shown to work, including PROVEN, 

RESULT and TRIAL. Together, these represent nearly 11.5 per cent of all responses. 

However, PROVEN refers specifically to ‘scientifically proven’ rather than proven in practice 
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(such as through a trial) and as indicated above, the science may not always be accepted by 

some producers since it is typically representative of the ‘guru’, who is not always trusted 

and represents an ‘outside source’ of information to some producers. Together these 

groups represent around 22 per cent of all responses.  

The remaining construct pairs each represent some aspect of management, skills, practices 

and knowledge that producers consider as either important or unimportant (depending on 

which end of the construct pole they occur). These included characteristics such as ‘easy to 

use’, ‘convenient’, ‘preventative’, ‘wasteful’, ‘waste of time’, ‘time and cost an issue’. 

Interesting, only three producers specifically referred to economic benefit.  

8.2.4 Summary of qualitative analysis 

Many of the themes identified through the above analysis, appear to relate to the higher 

concepts, alternatively referred to as overarching factors, of knowledge and uncertainty and 

the control over management that these may provide. KSPs that producers feel 

knowledgeable or certain about are either already known to the producer, or meet some 

criteria by which the outside source of information is considered credible and compatible 

with their own (or possibly their peer groups’) previous experience. There are potentially 

three major producer groups identifiable, which are characterised by the different sources of 

knowledge that improve the uncertainty surrounding a KSP and are considered credible by 

producers, these include: 

• a first group showing a preference for their own knowledge and experience;  

• a second group preferring to rely on knowledge and practices with a scientific basis, or 

other form of outside knowledge; and  

• a third, mixed group, willing to rely on both their own, and outside knowledge.  
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There are various interesting aspects of these potential groups related to the permeable 

nature of their constructs, self-identity, and other demographic characteristics.  

The first group is potentially representative of those producers who could be said to have 

‘impermeable constructs’. This means that their perception of a KSP would not change 

regardless of the information presented showing the value and effectiveness. Despite what 

innovation or extension researchers and developers may wish to believe, not all people can 

be convinced about the merits of an innovation, even in the face of overwhelming evidence. 

On this point, it is most likely that these are the producers who had, or would be likely to 

have, most difficulty with the repertory grid process, simply because they are incapable or 

unwilling to look at KSPs other those they currently employ. In a clinical psychology 

situation, these people for instance would be unable to benefit from the repertory grid 

process due to the impermeable nature of their constructs. 

The second group of producers, who rely solely or primarily on scientific or other ‘external’ 

sources of information, would I believe represent a minority of producers at present. There 

are several reasons for this. Primarily, those with the most trust in external (especially 

scientific) sources tend to be the younger generation – and more specifically, the younger 

generation with tertiary educations. At present, the Australian producer community is aging 

(an average age of around 53 years old) (Synapse Consulting Pty Ltd 1998), and most of this 

generation has not had access to a university or other formal tertiary education and are 

relatively cynical about scientists and so-called ‘gurus’ (and the related technological 

innovations being promoted). More younger farmers have better post-school qualifications, 

though not necessarily university education, but VET training also (Synapse Consulting Pty 

Ltd 1998). Another proportion of this second group may comprise older people entering 

the farming industry who have already been successful in business and who are therefore 
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more familiar with, and open to, seeking the advice of consultants and other professionals 

who can help in their business (Stayner 1997; Synapse Consulting Pty Ltd 1998). 

Even for those who may have a university or other formal tertiary education in this age 

group, there is the issue of self-identity tied up with farming, wherein many producers pride 

themselves on their stockmanship abilities and those of their forebearers. This concept of 

self-identity is a potential barrier to the sole reliance on external information, or conversely, 

external information can be viewed as a threat to self-identity – insofar as the latter is 

related to farming skills – such as the identification of wormy sheep. Outside information has 

the potential to be a threat to self-identity since it may challenge what a producer has always 

believed to be true and may also devalue this prior, or indigenous knowledge, by suggesting 

it is wrong. This is particularly true of scientific and theoretical (academic) knowledge, which, 

as discussed in Chapter 2 in respect of the scientific paradigm, has always had a tendency to 

devalue and ignore non-scientifically proven knowledge such as indigenous or local 

knowledge. The next generation of younger farmers may see the size of this group grow 

(Synapse Consulting Pty Ltd 1998) – however the issue of self-knowledge and self-identity 

will remain for many.  

For others, their self-identity may be more accommodating of expertise in science, or other 

similar areas. It is at this point that dispositional aspects of producers also impact on the 

decision-making and adoption of innovations by producers. As with any group of people, 

producers have different personalities, with various degrees of preferences for how they 

conduct themselves and what they like and dislike. For example, just as there are ‘nerd’ 

stereotypes in other sectors of society, there are also ‘nerdy’ producers who enjoy keeping 

a meticulous record of what is happening on their property, and further enjoy interacting 

with academics and other professionals in order to increase their knowledge and improve 
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their management. The opposite stereotype is also found in the farming community – and all 

those in between! The concept of self-identity is further explored in Chapter 9. 

The final group, which is comprised of producers accepting a mix of both internal and 

external information, is most likely to represent the largest group of producers. The main 

characteristic of this group, is that producers are able to retain their self-identity to a certain 

extent, as well as incorporating into that identity external information. In terms of adult 

education, this group would represent the true lifelong learners, or in Kelly’s terms ‘people 

as scientists’. These are people who are willing to undertake a process of iterative learning, 

wherein not only is their knowledge base expanded, but this expansion in the diversity of 

knowledge, or deeper knowledge of particular topics, allows them to modify their 

perceptions or constructs in order to accommodate new information. Within the context of 

adult education, Allan Tough has studied and advocated the concept of learning projects. A 

learning project is defined in the following way: 

A learning project is simply a major, highly deliberate effort to gain certain 
knowledge and skill (or to change in some other way). Some learning projects are 
efforts to gain new knowledge, insight, or understanding. Others are attempts to 
improve one’s skill or performance or to change one’s attitudes or emotional 
reactions. Others involve efforts to change one’s overt behaviour or to break a 
habit. 

(Tough 1979, p. 1) 

According to Tough, adults undertake one or two major learning projects a year, with most 

people undertaking many more than this. Tough maintained that very few of the projects 

undertaken (at the time he was writing) were for certificates or a degree, must most often 

projects were undertaken for more practical reasons, with nearly three quarters of projects 

undertaken planned by the learner themselves rather than an instructor or similar (Tough 

1979). Tough also indicates that though these learning projects may be deliberate efforts to 

learn, the learner may not actually be aware they are undertaking a learning project unless 

prompted to think about it. Tough further maintains that adults spend about 10% of their 
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time on deliberate learning – likening this to a similar percentage that effective and 

progressive organizations might spend on research and development (Tough 1979). Like 

Kelly, Tough views people as self-directed learners with a great capacity to change through 

learning. 

The three groups described above, could also be discerned in a cluster analysis detailed in 

Chapter 9. Whilst there are four groups that arise from the cluster analysis, the 

characteristics of these groups follow a very similar pattern based on knowledge preferences 

as described here. 

The theme of uncertainty and its importance to the decision-making process, has been 

continually emphasized in this thesis and these interview results appear to support that 

assertion that it is important. Although it was not possible to conduct a full repertory grid 

exercise involving the ‘laddering up’ of constructs with the interviewee in order to 

determine their superordinate constructs (those that have a wide range of convenience and 

overlay several lower-level constructs or values), an attempt has been made here to identify 

superordinate factors based on the themes identified through the content analysis. As an 

exercise conducted externally to the interview process it has therefore not been validated 

by the interviewees and represents my own interpretation of producers’ responses.  

Based on the content analysis above, it is my opinion that certainty and uncertainty 

(concepts based on the having or lack of knowledge) occupy an important place in 

producers’ values, due mainly to their relationship with providing a sense of control over 

management of the property.  These concepts could therefore be considered an important 

aspect for consideration in decision-making. Certainty and uncertainty as a theme is not only 

represented in the types of information sources they prefer (self, trials, science), but is 

reflected also by preferences for planning or having a routine, both of which give the 



- 237 - 

producer some certainty about the current state and future outlook for their sheep 

enterprise. As indicated earlier in this section, this also relates to producers having a sense 

of control. 

There was a notable lack of reference to economic benefit or profit as a major theme in the 

constructs. Since there was some expectation that producers would mention profit 

regularly, when they did not, I prompted them to comment on the issue. This was done in 

order to avoid confusion over whether profit as a construct was taken as a given, or 

whether it really was not necessarily at the forefront of producer’s minds in terms of 

management. The subsequent results, despite this prompting, indicate, I believe, the 

complexity of producers’ approaches to management and the factors for consideration in 

decision-making, extend far beyond whether a skill or practice will allow them to make a 

profit. This was present also in the theme NEED, where some skills or practices, though 

expensive, were necessary – thereby rendering ‘cost not an issue’. Further research is 

required with a larger sample size to investigate these results.  

More in-depth analysis of the repertory grid results is presented below (see also Chapter 11 

following), with further attempts made to examine important factors affecting producers’ 

decision-making processes. 

8.3 Principle Components Analysis 

8.3.1 Introduction 

Principal components analysis is designed to identify any distinct patterns of variance (or 

variability) in data, with the patterns referred to as ‘components’ or dimensions (Jankowicz 

2004). An important feature of principle components analysis for repertory grid data is that 

it identifies relationships between the elements, based on how they were rated on the 

constructs. Elements with high loadings on a particular component tend to be correlated 
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with each other with respect to ratings on constructs, but are not correlated with other 

elements. Fransella et al. (2004) also indicate its use for systematically representing the 

relationships amongst constructs. The PrinGrid analysis in the program Re Grid IV, treats 

the grid as if all the elements were plotted in an n-dimensional space, where the constructs 

are axes centred on the means of the elements (as per a factor analysis). In order to spread 

elements out as much as possible, and to aid interpretation, PrinGrid can provide a rotated 

solution (Gaines & Shaw 2005). Gaines and Shaw further state: 

PrinGrid carries out an analysis of the double-centred matrix of distances between 
elements with all construct ranges scaled to be the same (because RepGrid 
supports grids with constructs having differing ranges). As Gower (1966) shows, 
this is equivalent to a principal components analysis of the construct variance 
matrix which is the basis of most grid analysis packages emulating Slater’s (1976; 
1977) “Ingrid.” 

(Gaines & Shaw 2005, p. 7-7) 

The PCA carried out for individual grids using PrinGrid, showed that some 74 per cent of all 

interviewees had only one dimension i.e. rated each element similarly across all the 

constructs. As individual grids comprised 15 elements and 5 constructs, the cases to 

variables ratio was only sufficient for a principal components analysis with the constructs as 

variables.   

8.3.2 Principle Components Analysis of individual grid data 

Principal components analysis of individual grids found that some 48 per cent of interviewees 

had 90 per cent or more of the variance captured by the first component, i.e. the pattern of 

variation in the construct ratings was essentially uni-dimensional.  A further 26 per cent had 

10 per cent or more of variance accounted for by the second dimension, while the 

remaining 26 per cent of interviewees had between 5 percent and 9 percent of variance 

accounted for by the second dimension and the remainder by more than two dimensions. 
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While the pattern of variation in construct ratings for almost half of all interviewees was 

largely uni-dimensional, there were differences between interviewees in the magnitudes of 

the loadings of the constructs on the first dimension. Interviewees were divided into three 

groups for analysis based on the dimensionality of their PCA results. The groups included: 

1. Interviewees considered uni-dimensional i.e. have a first component representing 90 

per cent or more of the variance in their responses. 

2. Interviewees with a strong second component i.e. had a second component 

representing 10 per cent or more of the variance in their responses. 

3. Interviewees not uni-dimensional, but without a strong second component i.e. had a 

second component representing less than 10 per cent of the variance in their 

responses and further components accounting for the remainder. 

These groups are analysed in sequential order below. 

8.3.2.1 ANALYSIS OF INTERVIEWEES WITH UNI-DIMENSIONAL VARIANCE 

There were 30 interviewees (48 per cent of all interviewees) with a first component greater 

or equal to 90 per cent of the variance. The differences in loadings of constructs have been 

summarised by assigning ranks, for each interviewee, to constructs according to whether the 

construct had the highest loading, (rank 1), or the second highest loading (rank 2), and so 

on, on the first dimension for that interviewee.  Table 8.4 shows, for each construct, the 

proportion of interviewees that had a rank of 1, 2 or 3. 

The table highlights that construct 5 (Level of comfort) is the construct that was most 

frequently ranked as 1 i.e. for some 33 per cent of the interviewees in this group, level of 

comfort had the highest loading on the first construct component for those interviewees 
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who had a first component representing 90 per cent or more of their responses. This 

supports the analysis of the focus groups conducted, where it was also indicated that level of 

comfort using a parasite management tool was important (see Section 7.4). Construct 5 was 

followed, by construct 2 (Sense of control), which ranked both second and third (26.67 per 

cent and 30 per cent respectively). The construct likely to occur in first position after 

construct 5 (Level of Comfort), was construct 2 (sense of control: 23.33 per cent), which 

was followed, in rank order by, constructs 5 and 3 (Financial Benefit) (both 20 per cent), and 

4 (Production benefit), with construct 1 (Proven benefit) least likely. 

Table 8.4. Proportion of interviewees that had a rank of 1, 2 or 3 in the first 
dimension of PCA based on construct loadings 

Construct Ranking for Construct Component 
Loadings (%) 

Construct 

1 2 3 

C5: Level of Comfort 33.33 20.00 13.33 

C2: Sense of Control 23.33 26.67 30.00 

C1: Proven Benefit 16.67 16.67 16.67 

C3: Financial Benefit 13.33 20.00 16.67 

C4: Production Benefit 13.33 16.67 23.33 

The results from the PCA on the construct loadings indicates that there was a rank order of 

constructs within this dimension, and that specifically, constructs 5 (level of comfort) and 2 

(sense of control over worm management) were the constructs most likely to rank higher 

than the other three. The more frequent higher loadings for level of comfort and sense of 

control on the first dimension suggest that, for many producers, whether or not they feel 

comfortable with particular practices is related to the extent that they feel that the practice 

gives them control over their management. Interestingly, the production and financial benefit 

constructs were least likely to be ranked first (column 1 of Table 8.4), but were likely to be 

ranked highly along the second or third component. This is somewhat inconsistent with the 
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focus group results, which suggested that costs were always a factor in management. 

However, a potential explanation can be found in the groupings determined through the 

Cluster Analysis (see Chapter 9), where a more ‘Traditional’ management style was 

indicated. This Traditional management approach is reflective of producers who tended not 

to use testing and who kept with the management they had always used. It is possible that 

the producers exhibiting a Uni-dimensional PCA are these more ‘traditional’ managers 

because they are more concerned with remaining in their management comfort zone than 

employing new technologies or tests. In this way the financial and production aspects are 

subsumed beneath the importance of maintaining familiarity and comfort with management 

tools. It is suggested that the uni-dimensionality of the data results from the constructs not 

being as accurate a representation of producer constructs as they could have been. This was 

previously discussed in Section 7.4. As also stated below, there is a need to further 

investigate producer constructs in order to more accurately represent perceptions of 

parasite management KSPs. 

8.3.2.2 ANALYSIS OF INTERVIEWEES WITH A SECOND AND THIRD COMPONENT >10%  

Interviewees with a second or third component (representing >10 per cent of variance) 

accounted for 52 per cent of the total number of interviewees (32 people). While this group 

had less variance captured by the first component, the first component was nevertheless the 

dominant component in this respect, with all interviewees having between 62-89.6 per cent 

variance. A frequency count similar to that performed above on the first component was not 

viewed as worthwhile due to the weakness of the dimensionality beyond the first 

component. This weakness means that it is very difficult to interpret the data meaningfully 

and with any authority. 

Although an analysis such as that carried out on the first component was not considered to 

be worthwhile, the first, second and third components were examined to see if there were 
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any constructs that loaded strongly on more than one component. Table 8.5 shows the 

frequency count for each component along each construct where the construct was loaded 

across two components. Percentages of the total are also included. 

Table 8.5. Count of constructs with high loadings on components one, two and three 
for people with total construct loadings in the first component of < 90 %  

 Construct Number 

 1 2 3 4 5 Total 

Total 12 9 4 6 16 47 

% Total 25.53 19.15 8.51 12.77 34.04 100.00 

The results in Table 8.5 indicate that of the 32 people with second and third components (or 

more) greater than 10 percent, i.e. 34 percent, had high loadings across two components for 

construct 5 (Level of Comfort), whilst 25 percent had construct loadings across two 

components for construct 1 (Proven Benefit). Construct 2, also had a tendency for high 

loadings across two components, with this occurring for 19 per cent of producers in this 

group.  

This would seem to indicate, that for these people comfort, and proven benefit (an indicator 

of certainty as opposed to uncertainty), and to a lesser extent, a sense of control over 

worm management, are potentially, to use the language of personal construct theory, 

superordinate constructs. That is to say that these constructs themselves represent a 

number of lower level, more specific, subordinate constructs. In a repertory grid interview 

conducted within a longer timeframe or within a clinical psychology setting therefore, one 

would be compelled to ladder down these constructs to arrive at the more particular 

constructs that are represented by this superordinate one. If the interview format had 

allowed a larger number of supplied constructs and/or the rating of elements against elicited 

constructs, a clearer understanding could be gained of the hierarchy of constructs on which 

producers make assessments of worm control practices. Nevertheless, the preliminary 



- 243 - 

indication of the existence of a hierarchy has a number of implications for the importance of 

issues such as control, certainty and self-identity. It suggests that a repertory grid more 

focused on these issues could produce a more detailed and accurate hierarchy of the factors 

that contribute to, or the attributes for producers of aspects of farming related to 

maintaining a sense of control over their management, what contributes to a feeling of 

certainty/uncertainty in management and what aspects of their self identity are represented 

by their farming approach. 

Further research is required to confirm if level of comfort, proven benefit (certainty) and 

sense of control are in fact superordinate constructs for a majority of producers. If this were 

shown to be so, the implication would be the importance of certainty, control and level of 

comfort to decision-making as perceptions that must be satisfied by an innovation and the 

way in which extension is conducted for an innovation.  

8.3.2.3 DISCUSSION OF INDIVIDUAL REP GRID DATA 

The analysis of individual PCA loadings on the individual grid data has revealed that level of 

comfort is a strong influence on the interviewees’ perceptions of each of the skills and 

practices. Control over worm management, also appears to be a strong influence, followed 

by financial benefit.  

Based on these results, it appears that for one group of producers there are clear links 

between level of control a KSP gives a producer and the level of comfort they feel using a 

KSP. The second group discussed, has weak dimensionality, but is potentially influenced by 

several superordinate constructs, including level of comfort, proven benefit and sense of 

control. Further interviewing is required to more accurately identify the dimensionality 

amongst producer perceptions and the existence of superordinate constructs – as well as 
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the characteristics of these superordinate constructs (i.e. what are the subordinate 

constructs). 

The focus on ‘level of comfort’ and ‘proven benefit’ in the second group, in my opinion, 

relates back again to the higher concepts of certainty and uncertainty as discussed in section 

8.2. Although the construct ‘proven benefit’ may be expected to have encapsulated the 

concept of certainty and uncertainty, I believe the construct was too broad in its definition 

to accurately reflect this meaning for interviewees – since proven benefit can be interpreted 

as having any number of meanings. Rather, I think the term ‘comfortable’ was more 

reflective of producers’ vocabulary and understanding, because although also a broad term, it 

more accurately conveys a meaning of feeling at ease with or having knowledge of the 

various KSPs. It is a word and concept people can more easily identify with and relate to. 

Assuming that producers are generally more comfortable with KSPs they currently use or 

have some experience or knowledge of, it can be further assumed that this construct also 

represents a level of certainty or uncertainty regarding the various KSPs. 

The pairing therefore of level of comfort with control and financial benefit in particular, 

tends to suggest that both these latter constructs are either influenced by or influence (or 

possibly both – in an iterative cycle) the certainty or uncertainty (level of comfort) 

surrounding a KSP. 

Aside from highlighting the theme of uncertainty, the analysis above also indicates that 

although financial benefit is important (and especially to a certain group of producers), it is 

not the only consideration for producers and is certainly not even the primary influence on 

producer perceptions. This is consistent with other data derived from the focus group and 

interview data (e.g. Section 8.2.4 above and Appendix C – Focus group reports). As 

indicated in the focus groups, time and cost were always considered to be important (they 
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went without saying for the most part), but these were frequently the last issues to be 

mentioned and were frequently mentioned primarily only when prompted (this occurred in 

the interviews also). This suggests that whilst these factors are important, they may not be 

the primary causes of uncertainty, nor the primary drivers of decision-making. They may 

contribute to either a sense of control or comfort, but may not determine it. This is evident 

in the Cluster Analysis, which identified four different management styles (see Chapter 9). 

8.3.3 PCA across all grids using construct means 

The lack of strong dimensionality revealed by the PCA on individual grids in the previous 

section suggests there is a considerable amount of redundancy across the five constructs.  

This was used to advantage in examining patterns of variation across all interviewees.  For 

each interviewee, the five construct scores for each element were replaced by a single score 

– the mean of the five scores.  This then enabled the use of PCA to examine the patterns of 

variation across all interviewees, with interviewees as cases and the 15 variables being the 

mean construct score for each of the 15 elements. The results are presented below. 

A PCA on the elements using the means of ratings across the constructs results in a five-

component solution that explains 68 per cent of all variance (for Eigenvalues � 1, see Table 

8.6). Despite five components having an Eigenvalue of � 1, on close analysis of the 

components it appeared that the final two in particular comprised only two or less elements. 

According to standard PCA interpretation guidelines, components comprising less than two 

variables cannot generally be usefully interpreted (Tabachnick & Fidell 1989). Hence, a 

decision was made to use the first three components, and these are presented in Table 8.7. 
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Table 8.6. Percentage of variance accounted for by rotated component loadings 

Rotation Sums of Squared Loadings 

Component Eigenvalue % Of Variance Cumulative % 

1 3.619 24.126 24.126 

2 2.691 17.937 42.063 

3 1.643 10.953 53.016 

4 1.256 8.371 61.387 

5 1.000 6.669 68.056 

Table 8.7. Rotated component matrix using mean of construct loadings 

ROTATED COMPONENT MATRIX 

COMPONENTS & LOADINGS 

ELEMENTS 1 2 3 

DRENRES2 0.871 8.40E-02 0.211 

DRENFEC 0.829 2.07E-02 -8.32E-02 

DRENRENO -0.769 -9.47E-02 -0.13 

FECNOWAG 0.665 -0.471 -0.195 

FECREG 0.594 0.499 0.101 

PADHIST 8.00E-02 0.853 0.161 

SETTARG 1.92E-02 0.830 -1.04E-02 

RAMEBV 0.355 0.579 -0.127 

DRENRE10 0.224 -0.412 0.331 

DRENPLAN 0.159 0.207 0.825 

DRENROT -2.81E-02 -0.113 0.728 

DRENOPP -4.85E-02 0.116 -0.164 

DRENEXP -0.416 -0.21 -5.57E-02 

SUPPFEED -4.75E-02 0.184 -6.06E-02 

CLEANPADD 1.78E-02 0.261 0.11 

    

Extraction Method: Principal Component Analysis 

Rotation Method: Varimax with Kaiser Normalization 

A rotation converged in 8 iterations 
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8.3.3.1 COMPONENT ONE 

An interesting result of the PCA using the construct means is that the first five elements 

represented by Component 1, relate to either drench resistance testing (DRT) or FEC 

testing. This is supportive of other analyses performed on both the repertory grid data and 

the benchmark survey data suggesting that DRT and FEC testing are not only key practices 

and skills for distinguishing between interviewees’ management approaches, they are also 

potentially key indicators of a producer’s approach to worm management (see Chapters 9 

and 11 for these results). Based on the correlation between the elements comprising this 

component, it could be described as representing a testing component. 

The elements DRENRES2, DRENFEC, FECNOWAG and FECREG were all loaded 

positively, while DRENRENO was loaded negatively, reflecting, as might be expected, a 

negative assessment of not testing for drench resistance among those who viewed who 

viewed testing positively, and a positive assessment of not testing for drench resistance 

among those who view testing negatively. 

The results not only indicate that these five elements attract equally strong opinions or 

perceptions from the producers interviewed, but they also indicate the importance of 

drench-related testing as a concern to producers in a manner distinct from other practices – 

such as those represented in component two. The principal components analysis indicates 

that the other elements (knowledge, skills and practices) presented to the producers are 

perceived differently to these first five. 

8.3.3.2  COMPONENT TWO 

Component two is comprised of three elements, including: 

• PADHIST, 
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• SETTARG, 

• RAMEBV. 

These three elements tend to be representative of KSPs used for paddock and flock 

management. They represent perhaps more tangible KSPs for which producers can use their 

current knowledge and experience to guide them. This is quite different to the KSPs in 

component one, which represent less tangible practices, focussed primarily on the use of 

external sources of guidance and information. For example, testing sample must be sent to a 

veterinarian or laboratory for analysis and interpretation. 

8.3.3.3 COMPONENT THREE 

Component three comprises two elements, including: 

• DRENPLAN and 

• DRENROT. 

These KSPs have two characteristic aspects. Firstly, they both relate to drenching (but not 

testing), and secondly, both are representative of the routines associated with drenching, 

whether a plan, or the routine of rotating drenches based on whatever measure used by the 

producer (for some, drench rotation is family or name-based, while for others it is based on 

a FEC or DRT). This group can be classified as representing a drench routine component. 

8.3.3.4 SUMMARY OF PCA ON MEANS 

The PCA has separated the elements out based on some underlying or latent value/s or 

worldview that structures the interviewees’ responses in the repertory grid. The fact that 

the three components tend to be independent of each other (i.e. orthogonal) suggests that 

there may be some lack of integration between these groups of elements.  In this context, 
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there appears to be a lack or relationship between drench testing, paddock and flock 

management, and finally, drench routines. 

There are several possible interpretations as to what the worldviews underlying these three 

dimensions might be. The first component, the testing component, is not only indicative of 

the use of skills and knowledge or experience external to the producer, as already 

suggested, it also represents a responsive form of management. Testing and monitoring are 

fundamental aspects of any integrated pest or parasite management program (see Chapter 3 

for further details). They form the keystone of a responsive management system that is not 

founded on routine, or actions that are not reflective of critical thinking and the evaluation 

of system indicators. This testing group of elements, can be seen then to be almost 

completely opposite to the third group; the routine drenching component. This latter group 

represents practices, and a worldview, that is based on routine. A routine is by definition 

not responsive to monitoring on a short timescale. It may be responsive to experience over 

a longer time frame. This third drench routine group also is representative of a worldview 

based on the utilisation of current experience and habit, an ‘I do it because I’ve always done 

it that way’ mentality. 

The remaining, second group of elements, represents paddock and flock management tools 

that the producer has understanding of and experience with – they are derived from internal 

information. Most of the producers interviewed indicated that they keep their paddock 

histories and condition scoring targets and results in their heads and do not see the point of 

writing these down– they have no use of external information or analysis, they can do it in 

their own head. These are tangible KSPs. Even though EBV-tested rams are representative 

to some extent of an external information source, the broader concept associated with 

EBV-tested rams – that of breeding and genetics – is again something that most producers 

are familiar with. It is potentially something with which they have experimented, whether 
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this be for breeding with the aim of reducing fibre diameter, or attempting to breed out 

sheep susceptible to fly strike. 

The groups of elements identified using the principal components analysis are to some 

extent reflected in elements which distinguish between clusters in the repertory grid 

interview data. The four clusters that resulted from this analysis (which are described in 

detail in Chapter 11), also reflect distinctions between test and non-test related KSPs, and 

drench or non-drench related, but also are indicative of the types of external and internal 

KSPs producers are comfortable with. Similar findings were achieved from a cluster analysis 

of the benchmark survey data also (see chapter 9). 

This consistency of results between the different types of data analysis is indicative of the 

importance of knowledge types and sources to producers. It is also indicative of the 

importance of self-identity to producers – as implied through the type of knowledge source 

they prefer. This theme of knowledge and self-identity was highlighted in previous sections 

of this chapter where it has also been related back strongly to the broader concepts of 

uncertainty (or certainty) and management control and comfort. The importance of these 

themes and concepts to decision-making will be examined in more detail in the concluding 

section of this chapter. 

8.4 Discrepancy Matrix 

8.4.1 Introduction 

The discrepancy matrix is designed to show differences between which practices producers 

say they are using on their properties as compared to how they indicated they perceived 

these practices during the repertory grid interview. A matrix of bivariate plots was produced 

that showed the five constructs used in the repertory grid interview along the vertical axis 

and the action people take (the fifteen elements) along the horizontal axis (Figure 8.1). Each 
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bivariate plot is a jitter plot, in which small random fluctuations are added to the data for 

each interviewee, so that interviewees with similar scores on the two axes are plotted 

slightly apart, thereby avoiding the plotting point for one interviewee being obscured by the 

plotting points of others. Four different colours were used in plotting the position of 

interviewees in the jitter plots, each colour representing membership of one of the four 

clusters obtained in a cluster analysis that is reported in section 11.2. These clusters were 

based on a cluster analysis performed on the interview data, which resulted in a four-cluster 

solution. Although not relevant to this analysis, the relevance of cluster membership is 

explored further in Chapter 11. 

The individual jitter plots read in the following way. Participants falling along the bottom left 

to top right diagonal line are those whose responses showed consistency between 

perception and action i.e. A score of (0,0) (far bottom left corner) indicated the person has a 

negative perception of the element and does not use it. A score of (1,1) in the middle 

indicates neither positive or negative (neutral) perception, and use of the element 

‘sometimes’; while a score of (2,2) indicates the producer has a positive perception of the 

practice and also uses it regularly. The coordinates of points on the jitter plots are given in 

the following discussion in the form (y, x) rather than the conventional (x, y) for 

convenience sake to allow comment on perceptions (y) to precede comments on action (x). 

For producers falling off this middle diagonal there is some degree of discrepancy between 

their perceptions and their actions or use of the practice. For example, a score of (0,2) 

indicates the producer has a strong negative evaluation of the practice on the particular 

construct , but uses it regularly; while (2,0) would indicate they don’t use the practice, but 

have a strong positive evaluation on the particular construct. Generally speaking, the results 

show that there is a tendency for people to fall into the no action but positive perception 

category across all constructs. The implications of this are explained in the discussion below.  
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8.4.2 Presentation of Results 

Results presented in the discrepancy matrix in Figure 8.1 are summarised in tabular form in 

Table 8.8. This shows the proportion of interviewees across all five constructs in each of the 

three positions on the jitter plots: above, on or below the diagonal. The combined 

proportion for all five constructs was used as, for any given element (practice), there are 

very few interpretable differences across the five constructs. 

8.4.2.1 ELEMENT 1: REGULAR FEC TESTS 

Just over half (58 per cent) of all interviewees showed consistency between their evaluation 

on the five constructs and how regularly they undertook FEC tests. This consistency seemed 

to be divided relatively evenly between (0,0) responses indicating ‘don’t think positively 

about it and don’t do it’; and a (2,2) response, indicating ‘do think positively about it and also 

use it’. Around 41 per cent of interviewees responded above the diagonal, with a (2,0) 

response, indicating they think positively about regular FEC testing, but don’t actually do it 

themselves. There were several people who indicated they don’t FEC test regularly but think 

somewhat positively about it, and one interviewee who used regular FEC testing sometimes 

and thought positively about it. 
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Table 8.8. Proportion of interviewees in each of the three position relative to the 
diagonal on the jitter plots in the discrepancy matrix.  Proportions are aggregate 

proportions across all five constructs for each element. 

Element Above Diagonal 
(Positive 

perception / Non-
use) 

On Diagonal 
(Consistency 

between 
perception & Use) 

Below Diagonal 
(Negative 

perception / Use) 

FECREG 41.44% 58.24% 0.32% 

FECNOWAG 36.02% 54.56% 9.41% 

DRENPLAN 28.06% 65.81% 6.13% 

DRENFEC 22.98% 71.53% 5.49% 

DRENEXP 7.74% 69.68% 22.58% 

DRENOPP 13.05% 68.65% 18.30% 

DRENROT 8.71% 86.13% 5.16% 

DRENRES2 40.27% 58.76% 0.97% 

DRENRE10 16.86% 71.89% 11.25% 

DRENRENO 2.94% 75.81% 21.25% 

CLEANPAD 29.03% 64.52% 6.45% 

SUPPFEED 39.32% 56.46% 4.23% 

RAMEBV 42.27% 52.36% 5.36% 

SETTARG 51.95% 44.80% 3.25% 

PADHIST 38.45% 58.50% 3.05% 
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8.4.2.2 ELEMENT 2: FEC TEST NOW AND THEN 

The responses for those only FEC testing now and then were more diverse, with the 

majority (54 per cent) falling along the diagonal. In this case however, rather than polarised 

result at the (0,0) and (2,2) ends, there were some people indicating a mid-level (1,1) 

response, which did not occur for regular FEC testing. Around 36 per cent responded above 

the diagonal (2,0) (think positively, don’t do), and nearly 10% on average fell below the 

diagonal with (0,2) responses i.e. think negatively about it but use it. Amongst the responses 

above and below the diagonal, there were again more interviewees who indicated mid-level 

responses such as (1,0) or (2,1) and vice versa than occurred for FECREG. This diversity of 

responses indicates, I believe, uncertainty amongst interviewees around the practice. 

8.4.2.3 ELEMENT 3: FOLLOW A DRENCH PLAN 

The use of drench plans tended to have similarly scattered responses as FECNOWAG. 

There were however a larger percentage of respondents who fell on the diagonal (around 

66 per cent). Of those indicating consistency between perception and practice, there was a 

relatively even division between positive perception and use (2,2), as opposed to negative 

perception and don’t use (0,0). Around 28 per cent of respondents were placed above the 

diagonal (positive perception but don’t use it or sometimes use it) and around 6 per cent 

below (negative perception, and don’t use it or only sometimes use it). 

8.4.2.4 ELEMENT 4: DRENCHING BASED ON FEC TEST RESULTS 

Responses for drenching based on FEC testing were very consistent, with a majority of 

interviewees (average 71 per cent) indicating consistency along the diagonal. However, the 

split between positive negative consistency was skewed, with most of the interviewees, 

indicating positive perception and action. Around 23 per cent of interviewees were placed 

above the diagonal, with an even split between (2,0) and (2,1) responses (positive perception 

and do always or only do sometimes). Around 5 per cent were below the diagonal with an 
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even split between negative perception but always do (0,2) and negative perception and do 

sometimes (0,1).  

8.4.2.5 ELEMENT 5: DRENCHING BASED ON EXPERIENCE 

As for Drenching based on FEC test results above, there was a clear majority (70 per cent) 

of interviewees who were both positive about the benefits of drenching based on experience 

and visual assessment, and who used it in their management. Less people on the diagonal had 

a negative perception and did not do this. Despite this, there was also a greater spread of 

the remaining interviewees, with a minority (nearly 8 per cent) positive about the practice 

but not using it. Conversely, around 23 per cent of interviewees fell below the diagonal, with 

either a negative perception and doing it only sometimes (0,1) or not at all (0,2), or a 

somewhat positive perception of the practice and doing it sometimes (1,2). This is consistent 

with other analysis on this practice, with interviewees often using experience and visual 

assessment for drenching decision, but indicating they were aware that professionals do not 

consider it best practice. 

8.4.2.6 ELEMENT 6: DRENCHING BASED ON OPPORTUNITY 

In contrast to the previous practice, there was a clear majority of participants from both 

regions who viewed drenching based on opportunity negatively and who also did not 

practice this (68 per cent on diagonal skewed toward (0,0) corner). There was a small group 

of interviewees in particular who viewed it positively and who did it (2,2), as well as a small 

group who viewed it positively but who did not do it (above diagonal (2,0)). This was again a 

practice with mixed responses. With interviewees falling also below the diagonal (18 per 

cent), indicating negative perception but either doing it sometimes (0,1) or not at all (0,2), or 

somewhat positive perception and not doing it at all (1,2). For the most part interviewees 

viewed opportunity as the ability to combine a drench with other operations, such as lamb 
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marking or shearing, and it tended to be something that they did every year – a ‘planned 

opportunity’ or a practice of convenience (section 7.5.2).  

8.4.2.7 ELEMENT 7: ROTATE DRENCHES 

The majority of interviewees falling on the diagonal (some 86 per cent) indicated that they 

perceive rotating drenches positively and carry out this practice on their property (2,2), 

however of this 86 per cent there were a minority who don’t believe in it and don’t do it 

(0,0). Of the remaining interviewees, around 9 per cent fell above the diagonal, with varying 

degrees of positive perception (positive or somewhat positive) and action (never do or do 

sometimes). The remaining 5 per cent perceive the practice of rotating drenches somewhat 

favourably and do it sometimes (1,1).  

8.4.2.8 ELEMENT 8: DRENCH RESISTANCE TESTING EVERY 2-3 YEARS 

All responses for drench resistance testing every 2-3 years were either on or above the 

diagonal i.e. no interviewees had a negative perception of this practice but also did it. An 

average of 68 per cent of interviewees fell on the diagonal, with most in the (2,2) position, 

indicating they perceived the practice positively and also used it. Around 40 per cent of 

interviewees either viewed the practice positively and didn’t do it (2,0), or viewed it 

positively and did it sometimes (2,1). The remaining 1 per cent where in the (1, 2) position 

below the diagonal, indicating they view it somewhat positively but don’t do it. 

8.4.2.9 ELEMENT 9: DRENCH RESISTANCE TESTING EVERY TEN YEARS 

In contrast to DRENRES2, the majority of responses for drench resistance testing every 10 

years tended to fall along the diagonal (70 per cent), but in the (0,0) position, indicating both 

negative perception and inaction. Responses falling above represented and average of 16 per 

cent of interviewees, mainly in the somewhat (1,0) or positive perception (2,0) but no action 

positions. Responses below the diagonal represented 11 per cent of interviewees, with 

responses evenly divided between the three positions (0,1), (0,2) and (1,1). 
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8.4.2.10 ELEMENT 10: NO DRENCH RESISTANCE TESTING 

Again the vast majority of respondents (75 per cent) did not perceive this practice positively 

and had not conducted a drench resistance test (0,0). However, there was a very small 

number of people who had a positive perception of not doing DRT but who did not do 

them (2,2). Most of the remaining responses fell below the diagonal (21 per cent), with 

respondents in this group having negative perception and either sometimes (0,1) or often 

(0,2) doing DRT; while another small group had a somewhat positive perception, but did not 

do DRT (1,2). 

8.4.2.11 ELEMENT 11: CLEANING PADDOCKS 

Most interviewees’ responses fell along the diagonal and had a positive perception of 

cleaning paddocks and used this practice themselves (2,2). An average of 29 per cent of 

interviewees’ responses were above the diagonal, representing positive or somewhat 

positive and either not cleaning paddocks at all (2,0) or doing it sometimes (2,1). A small 

number (average 6 per cent) of interviewees only had a somewhat positive perception of 

cleaning paddocks but still did it on their property.  

8.4.2.12 ELEMENT 12: SUPPLEMENTARY FEEDING 

This practice received a mixed response from interviewees in a similar way to 

FECNOWAG. Around 56 per cent of interviewees indicated consistency between 

perception and practice, with those positive and using supplementary feeding, and those 

negative and not using it relatively equally distributed along the diagonal. Some 39 per cent 

of responses fell above the diagonal, with an even distribution between (1,0) i.e. somewhat 

positive perception but don’t use it; and (2,0) very positive perception but still don’t use it. 

Around 4 per cent of interviewees’ answers fell below the diagonal, either in the (1,2) 

position (somewhat positive and use it) or the (0,2) position, indicating negative perception 

but still use it. 
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Some care is needed in interpreting these findings as most people tended to answer for 

supplementary feeding in general, not just feeding specifically for worm control.  

8.4.2.13 ELEMENT 13: EBV-TESTED RAMS 

The response to this practice was similarly dispersed to SUPPFEED above. Around 50 per 

cent of responses for perception and practice fell on the diagonal, with the split between the 

negative and positive ends relatively even. An average of 41 per cent of interviewees’ 

responses fell above the diagonal, mostly indicating a positive or somewhat positive 

perception, but inaction ((1,0), (2,0)). Small numbers also indicated positive perception and 

sometimes use it (2,1), while another small group of 5 per cent falling below the diagonal had 

a somewhat positive perception but did use the practice (1,2).  

8.4.2.14 ELEMENT 14: USE SET TARGETS AND MONITORING 

There was again a mixed response from participants for set targets and monitoring however, 

slightly more interviewees were placed above the diagonal (52 per cent) than were on it (45 

per cent). There was a relatively even split between the negative and positive perception and 

use across constructs. Of those responses above the diagonal, the majority indicated 

positive perception but no use of the practice, while there were also small groups of 

interviewees who viewed the practice positively and used it sometimes, or who had a 

neutral perception, but did not use it. Only about 4 per cent of interviewees were negative 

about the practice, falling below the diagonal. 

8.4.2.15 ELEMENT 15: KEEP WRITTEN PADDOCK HISTORIES 

The response to this practice was again mixed, although a larger group of interviewees 

(about 57 per cent) fell on the diagonal, and of these more viewed record keeping positively 

and kept records for their property, than viewed it negatively and did not keep records. A 

smaller group of around 37 per cent perceived this practice positively, but did not keep 

written records. Again there were small numbers of interviewees who had neutral or 
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somewhat positive perception and did not use the practice, and an equally small number 

who viewed the practice positively and did it sometimes. Around 3 per cent of interviewees’ 

responses were below the diagonal, either neutral in perception but using the practice or 

negative in perception but still using it. 

A caution for this practice is that during the interviews, most producers indicated that they 

did not keep written records but instead had them in their head, so the number of 

interviewees indicating they used the practice is somewhat unrepresentative and probably 

influenced by a social desirability bias. Further, the translation of keeping records in their 

head into being the same thing as having them written down may also be indicated by the 

large number seeming to have indicated they keep records. 

8.5 Discussion of Results 

8.5.1 Summary 

Generally speaking an average of 64 per cent of interviewees were consistent in their 

perception and their actions for the 15 worm management KSPs presented to them. For 

these practices, people who had a positive perception about a practice tended also to do it 

or be positive about implementing it. Those who were negative about a particular practice 

also tended not to practise it. For the remaining interviewees however, there were 

inconsistencies between perception and practice, with much of the inconsistency above the 

diagonal, indicating either neutral/somewhat positive or wholly positive perception coupled 

with not using the KSP.  

Practices for which the majority of interviewees showed positive consistency between 

perception and action include: 

• regular FEC testing, 
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• drenching based on FEC tests, 

• rotating drenches, 

• drench resistance testing every two years, and 

• cleaning paddocks. 

Practices which received mostly negative consistency between perception and action, 

included: 

• drench resistance testing every ten years, 

• no drench resistance testing. 

Practices for which inconsistencies between perception and practice were obvious, with a 

positive perception and positive action tendency (i.e. above the diagonal) included:  

• FEC testing now and then,  

• following a drench plan, 

• supplementary feeding to manage worms, 

• using EBV tested rams,  

• using set targets for monitoring, and  

• keeping written paddock histories. 
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A smaller number of interviewees responded in the negative portion below the diagonal, 

tending to indicate neutral/somewhat positive or negative perceptions and some or no use 

of the KSP. This was particularly relevant to: 

• drenching based on experience and visual assessment; 

• drenching based on opportunity; 

The latter two practices in particular posed issues for interviewees, since as mentioned 

above, many of the interviewees used these practices but also knew that they are not 

considered best practice – hence a larger proportion of interviewees with negative or 

neutral perceptions, but still using the practice (see section 9.5 in Chapter 9). 

With regard to drench resistance testing, many of the interviewees indicating negative 

perception but use, knew they should have carried out a DRT and indicated that they 

probably would in the future (section 9.5 for discussion of interviews). There were very few 

people who thought not doing drench resistance tests was good practice, however there 

were a minority who either did not believe in either FEC tests or drench resistance tests 

and another minority of alternative farmers who did not use these methods since they did 

not use drenches. 

8.5.2 FEC Testing  

With regards to the regularity of FEC testing, there is a wide opinion about what is good 

practice and what is not. Comments made by producers during the interview indicated that 

many viewed regular, scheduled FEC testing as unnecessary over a short time frame (every 

2-4 weeks) as wasteful, and believed instead that FEC testing was either better carried out 

as part of a problem-based strategy and/or just before routine drenching. That is to say that 

those who conducted FEC testing preferred to FEC test in a routine manner, just before 
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drenching and would then only FEC test later if they noticed a problem with their sheep, 

such as ill thrift. There is obvious uncertainty in the producer community about the real 

benefits of FEC testing, particularly on a regular basis, and this is reflected in the mixed 

results for FECNOWAG in particular. 

8.5.3 Drenching based on experience and opportunity 

The wide variation of responses for FEC testing are related to the responses for drenching 

based on experience and visual assessment and drenching based on opportunity or 

convenience. The reason for this is that many producers feel some conflict between what 

they know or suspect to be best practice and what they actually do. An example of this is 

where producers know that best practice with regards to drenching is to rely on FEC testing 

results, however most interviewees also indicated that despite knowing this, they still use 

(and some cases rely on) experience and visual assessment in deciding when to drench. 

Further, their drenching is frequently based on a routine – which is in turn based on the 

ability to combine tasks such as drenching lamb marking, mulesing and docking (i.e. 

convenience and opportunity).  

There were very few producers interviewed who relied solely on FEC testing to assess 

whether or not to drench their sheep. Rather, most producers indicated that they routinely 

drenched at a certain time of year because it was convenient and FEC tested just prior to 

drenching based on this routine. Further, they also indicated they may FEC test a few weeks 

after drenching to check if the drench had worked, and then only FEC test again when they 

thought the sheep were showing signs of being wormy, or the seasonal conditions suggested 

that there might be conditions conducive to worm breeding. Hence both experience and 

visual assessment and opportunity appear to be a strong influence on FEC testing and the 

decision to drench. 
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Although most interviewees indicated a negative perception of drenching based on 

opportunity, one of the reasons for this was the definition of opportunistic taken from the 

researchers’ Delphi process, where opportunistic drenching meant unplanned drenching – 

such as when a mob is near the yards and it was close enough to drench time. Whilst 

producers, particularly in Victoria, accepted on reflection that their routine drenching was 

somewhat opportunistic (since it was often combined with other tasks and not necessarily 

on the need to drench as indicated by FEC testing), they also maintained that on another 

level it was not opportunistic since the combination of drenching with these other tasks was 

planned each year. From the producers’ point of view, what might be thought of as 

opportunistic, is actually convenience. 

8.5.4 Following an approved drench plan 

The polarisation that occurred for use of a drench plan is regionally based and reflects 

different approaches to both extension and worm management in the two regions studied. 

The preference for drench plans tends to relate more to Victorian interviewees and is a 

consequence of the lack of state extension services, since the Victorian producers 

interviewed all indicated that their plans were devised by private consultants, typically their 

veterinarian, rather then being based on a State-wide or regional drench plan. The negativity 

towards drench plans, is associated primarily with New England producers, and is reflective 

of the implementation and subsequent failure in 1984 of the State-promoted WormKill 

program. WormKill initially worked well but then the main drench (Seponver) developed 

resistance problems after a couple of years (Stephen Love, personal communication, 2007). 

Following the failure of this drench (and therefore the program for most producers), 

WormKill and similar programs have not recovered their status. Most producers in New 

England typically indicated that if a new program was proven to work they would certainly 

trial it, but had no faith in the current WormKill approach. 
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8.5.5 Rotating drenches 

This is a practice that was undertaken to varying degrees by almost all producers. The 

exceptions included those who were alternative producers and therefore did not use 

drenches, or those who had such a belief in their ‘stockmanship’ skills and therefore ability 

to manage worms and drenches effectively, that they had been using the same drench for a 

long time and saw no evidence of the need to change it. It should be noted that there are 

different types of drench rotation practiced. Many producers rotate drenches based on 

product name, some rotate based on product name and the class of drench. Generally 

rotations were not promoted by the results of a drench resistance test (since many 

producers have not done one yet), but were based on length of time one drench type or 

product had been used, or simply based on a simple cycle of alternation between drench 

classes, or even sometimes brands. Not all producers interviewed understood that there 

were different classes of drenches with different chemical properties. Most were however 

aware of the white/clear drench distinction (without understanding what this actually 

meant). Some producer were not aware of the availability of three and four-class 

combination drenches, or had just become aware and were not sure when they should be 

used.  

8.5.6 Drench resistance testing 

Most interviewees had a positive perception of regular drench resistance testing, as indicated 

by the mostly positive responses for DRENRES2 and the relatively negative responses to the 

other testing time frames. However, many respondents when questioned about their drench 

resistance testing indicated that they typically used an informal test (usually a FEC test 

several weeks after drenching to see how the drench used had worked), rather than a 

formal test such as DrenchRite. So the strong preference for action on this practice may be 

misleading since many producers aren’t actually doing a formal test of the full spectrum of 
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drenches, which is what this practice was meant to represent. There was a small delay by 

the author in picking up during the interviews in Victoria that people considered informal 

and formal Drench resistance testing as the same thing. Once this was realised, I was very 

specific about asking how drench resistance tests were carried out. In general the positive 

response to drench resistance testing is positive for the IPM-s project as it indicates there is 

less work to be done on gaining acceptance of the practice itself, but some work to be done 

about the timing and the types of test used. This issue regarding the type of drench 

resistance test used was also identified in the benchmark survey (see Chapter 7.3) 

8.5.7 Supplementary feeding to manage worms 

The broad spread of responses to this practice reflects uncertainty about the value of 

supplementary feeding for worm control specifically. Most producers gave their stock 

supplementary feed for reasons such as poor winter feed or drought, but very few were 

actually feeding for worm control. When the idea behind this practice was explained, most 

farmers indicated that they could see how a healthy sheep might mean better resilience to 

worms, but some indicated that the appearance of good health (i.e. looking well fed) was not 

a guarantee against a worm attack and did not think this a workable worm management 

option. There was therefore a general lack of understanding amongst the producer 

population interviewed about this option, although more were positive about the concept 

than were negative. 

8.5.8 Selecting EBV-tested rams to manage worms 

Lack of knowledge and uncertainty about EBV-tested rams were again factors affecting 

people’s perceptions and action for this practice. In Victoria, many producers interviewed 

indicated that they had no idea how to source an EBV-tested ram, and were unsure about 

the heritability of the resistance trait. They further indicated that even if the trait were 

heritable, they still might not prioritise it simply because other traits in rams were more 
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important to them, such as fibre crimp, length, tensile strength or the amount of wool that 

could be produced.  

There was more knowledge about sourcing EBV-tested rams in the New England, since this 

is one of the main areas offering this service. In fact the several Victorian producers who did 

use EBV-tested rams sourced theirs from this area. Despite this, many New Englanders did 

not trust the heritability of the trait (reflected in the relatively even distribution between 

positive and negative perception and use of the practice) but were still willing to give it a 

chance. Similar numbers of New England producers had a poor perception and low 

willingness to act on this practice as did Victorian producers. Reasons for not setting EBV 

testing as a priority were similar to those given by Victorian producers. 

8.5.9 Using set targets for ewes and weaners to monitor weights and 
condition scores  

The majority of producers from both regions with a positive perception of this practice 

reflects to some extent the tendency of producers to have visual targets for weight and 

condition in their head. There was only one producer interviewed who possessed a set of 

scales and the remainder indicated their record keeping was mental rather than written – 

however, producers tended to equate the two since they didn’t seem to think having written 

records was necessary. Most of the producers interviewed indicated that they were not 

willing to pay for the expense of a set for scales nor spend the extra time and labour 

required to run the sheep onto the scales and weigh them. If time, labour and the expense 

of scales were not issues, and the value was proven, producers indicated that they could see 

some benefit in both having scales and writing the results down.  

Of further impact on perception of this practice, was the understanding of some producers 

that a sheep in apparent good condition did not necessarily mean it was not susceptible to 

worm attack. Hence, although they thought it generally a good idea to have a visual target 
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for sheep condition and health, they believed there was no guarantee that this would result 

in worm-free sheep. 

8.5.10 Keeping written paddock histories to help manage worms 

Many producers indicated that they kept a rough record of what mobs were in what 

paddocks in their head. Many did not see the need to write this down, nor were they willing 

to take the time to do this (especially if this involved using a computer). The high positive 

response for perception of this practice is reflective of the value of knowing your paddock 

history, but not necessarily of having it written down.  Some producers will evidently need 

convincing that it is not a waste of time to keep written records, others indicated that they 

could see the potential value and were willing to try it or knew that they should be doing it. 

A small group saw no value whatsoever, mainly because their histories were in their head, 

but also because they could not see it contributing anything to worm management. 

8.5.11 Summary 

The practices that received the most mixed responses are indicative of those about which 

there is the most uncertainty for their value in worm control. This indicates further, the 

areas where the IPM-s program will have to work hardest to convince people of the value of 

these practices. An advantage of the discrepancy matrix being presented in this way is that it 

allows visualisation of (where researchers concerned about the increasing issue of 

resistance) see where producers need to be moved in terms of actions and perception in 

order to achieve adoption of the different IPM practices. For instance, from the discussion of 

results provided above, it can be seen that even when people have a negative perception of a 

practice, they may still use it as part of their management.  

In this way, we can see that where participants have indicated they have a negative 

perception and no action or use of the practice, it may still be possible to convince them to 
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move towards some action, either ‘do it always’ or ‘do it sometimes’ without having to 

change their perception of the practice. The implications of these findings related decision-

making are discussed in Chapter 10. The following chapter (Chapter 9) will outline the 

categorizations of producers identified using the repertory grid data and discuss the 

implications from a farming styles perspective. 
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Chapter 9 Farming Styles 

9.1 Introduction 

9.2 Cluster Analysis of RepGrid Data 

9.2.1 Introduction 

9.2.2 Cluster Analysis 

9.3 Management Indicators Analysis of the Benchmark Survey data 

9.3.1 Question10: Grazing strategies used 

9.3.2 Question 17: Importance of factors affecting the decision to drench ewes 

9.3.3 Question 19: Treatment and techniques used for worm control 

9.3.4 Question 20: Main advisor for worm control 

9.3.5 Summary of Management Indicators Analyses based on Benchmark Survey 

9.4 Conclusions: Indicators of worm management 

9.4.1 Why bother with indicators? 
 

9.1 Introduction 

The first section of this chapter will present a summary of the repertory grid data using 

cluster analysis and discuss the implications of this in terms of identifying the major likely 

impediments to the adoption IPM-s by Australian sheep producers. Further, cluster analysis 

will be utilised to examine the possibility of identifying indicators of management styles that 

could be useful in allowing extension professionals to better target extension to their clients. 

Although the foundation of this work lays with the farming styles concept explored 

extensively by van der Ploeg, Vanclay, Mestiti, Howden and Glyde (Glyde & Vanclay 1996; 

Howden & Vanclay 1998; Mesiti & Vanclay 1996; Mesiti & Vanclay 1997; Mesiti & Vanclay 

2006; van der Ploeg 1994; Vanclay et al. 2006; Vanclay et al. 1998), this analysis is not an 

attempt to impose styles on Australian farmers, but to rather look for management 

indicators along the similar lines as adult education learning styles (Foley 2004; Merriam & 

Caffarella 1999) and other farming typologies described by Whatmore as discussed in 

Chapter 2 (Whatmore 1994; Whatmore et al. 1987a; Whatmore et al. 1987b), that may be 

useful tools in the extension of the IPM-s program. 
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Section two will investigate the idea of management indicators further using data from the 

Benchmark survey. 

9.2 Cluster Analysis of RepGrid Data 

9.2.1 Introduction 

As described in Chapter 7, the interviewees rated each of 15 elements on each of five 

constructs, with constructs rated on a scale of 1 to 5. According to the scale an answer of 1 

represented a negative response to, or perception of, the element on the construct, while 5 

indicated a positive response to, or perception of, the element along a particular construct: 

see Table 9.1 below). For analysis at the level of a single respondent, the 75 ratings can be 

treated as five variables and 15 cases, or vice versa, depending on the objective of the 

analysis. For analyses that include all interviewees, each rating of an element on a construct 

(termed here a construct-element pair) can be treated as a single variable, giving 75 variables 

in total. Gore (2000) states that cluster analysis can be used for several different purposes, 

including the development of a typology, as a test of existing classification systems and as a 

means to investigate patterns and similarities in data. The latter purpose is an appropriate 

reflection of its purpose for this thesis.  

The cluster analysis was performed using the R statistical program (The R Project for 

Statistical Computing 2006), and used all interviewees’ responses on all 75 construct-

element pairs.  Hierarchical agglomerative clustering was used, with the Ward method and 

the Manhattan similarity measure. A dendogram of the cluster analysis results is presented in 

Figure 9.1, while Tables 9.1 and 9.2 list the elements and constructs used in the interview. 

Finally, Figure 9.3 is a series of four radar plots, each representing the characteristics of a 

cluster with respect to the variables used in the cluster analysis. For each cluster, the radar 

plot shows the mean ratings for all 75 construct-element pairs, grouped sequentially by 
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element as spokes around the plot.  Each construct-element pair is represented by a spoke 

and the mean rating for that construct-element pair is represented by the distance along the 

spoke from the centre of the plot, with those constructs appearing closest to the centre 

negative (i.e. reflect a rating of 1 or 2 for the construct), while those closer to the periphery, 

positive (i.e. reflect ratings of 4 or 5). These radar plot diagrams provide a more visually 

appreciable representation of the overall data structure. 

9.2.2 Cluster Analysis 

The cluster analysis suggested that there was weak cluster structure, best represented by 

the four cluster solution (Figure 9.2). Cluster one included 13 interviewees, while cluster 

two features 29 interviewees. Cluster three included 15 interviewees and cluster four is the 

smallest group with only 5 interviewees. All of the clusters had interviewees from both 

regions represented. 

At first glance, the most striking difference between clusters one and two on the one hand, 

and on the others, clusters three and four is the overwhelming number of negative 

responses to the tools and practices in clusters three and four. The majority of people in 

these latter two clusters tended to have negative perceptions of the IPM-s tools presented, 

as compared to the more positive perceptions found in the first two clusters. For the 

purposes of this discussion, responses that are predominantly positive indicate that a 

majority, typically all, interviewees rated the most or all of the element-construct pairs on 

the highly positive 5-level. A mixed response refers to interviewees’ responses tending 

towards mid-range ratings along the element-construct pairs, (typically ratings of 2, 3 or 4), 

while responses described as predominantly negative, refer to ratings given mostly at the 1-

level for most or all constructs on the element-construct pairs.   
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Figure 9.2. Scree Plot of Cluster Analysis suggesting a 4-cluster solution 
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Figure 9.3. Radar Plots of Cluster Structure based on repertory Grid Interviews.  

Table 9.1. Bipolar Constructs used in Repertory Grid Interviews 

CONSTRUCT 
NUMBER 

POSITIVE CONSTRUCT POLE 
(RATED AS 5) 

NEGATIVE CONSTRUCT POLE 
(RATE AS 1) 

1 Clear benefit in doing this Don’t believe the benefits are proven 

2 Feel I have more control when I do this Don’t feel I am in control when I do this 

3 Financial Benefits are clear Too much financial risk involved 

4 Has a positive impact on production Could affect production levels negatively 

5 I am comfortable doing this I am not comfortable doing this 



- 277 - 

Table 9.2. Elements used in Repertory Grid Interviews 

MNEMONIC ELEMENT 

FECREG Doing FEC tests regularly 

FECNOWAG Doing FEC tests every now and then 

DRENPLN Following an approved drench plan  

DRENFEC Drenching based on FEC results  

DRENEXP Drenching based on experience and visual assessment 

DRENOPP Drenching based on opportunity  

DRENROT Rotating drenches to maintain efficacy  

DRENRES2 Doing drench resistance tests every 2-3 years  

DRENRE10 Doing drench resistance tests every 10 years 

DRENRENO No drench resistance testing  

CLEANPAD Cleaning paddocks 

SUPPFEED Supplementary feeding to manage worms 

RAMEBV Selecting EBV tested rams to manage worms 

SETTARG Using set targets for ewes and weaners to monitor weights and condition scores 

PADHIST Keeping written paddock histories to help manage worms 

A more in depth analysis of the four clusters is provided below.  

Traditionally, the analysis of grids using cluster analysis under a personal construct 

psychology approach involves several major phases. These include (Jankowicz 2004): 

1. examining how the clustering has reordered elements and constructs, 

2. examining the shape of the Dendogram to determine the number of clusters, 

3. identifying construct and element differences and similarities, 

4. assessing what the above means in terms of the topic of the interview, 

5. locating the highest similarity scores for constructs and elements, and 
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6. examining the remaining scores. 

A similar analysis process has been followed for this thesis. This analysis utilises the radar 

plots in Figure 9.3 and the Level plots of the repertory grid. The level plot has been 

separated into cluster-based figures for ease of visualisation (see Figures 9.4 – 9.7). These 

Figures provide an indication of the average and specific ratings given by interviewees for 

each element-construct pair. Specifically, the level plots represent, for each interviewee, 

their scores on each pair, while the radar plots represent, for each Cluster, the mean score 

within the cluster on each Pair. Table 9.1 above includes the list of elements and their 

corresponding mnemonics. These are provided as the mnemonics are used when referring 

to the elements within the text. Because the clusters tended to be distinguished according to 

the positiveness or negativity of interviewee responses to particular element-construct pairs, 

the primary aim of the results presented below is to highlight the ways in which the 

responses for each of the clusters were either similar or different. 

9.2.2.1 ANALYSIS OF CLUSTER ONE  

Cluster one is distinguished from the other three clusters by the highly positive perception 

of FECREG and DRENPLAN across all or most of the constructs. FECREG received a 

predominantly positive response from interviewees across all five constructs, and this is the 

only cluster in which this highly positive response to FECREG occurs (see Cluster 1, Figure 

9.3). According to the level plots for members of this cluster presented in Figure 9.4, all but 

two of the 13 interviewees rated FECREG at the 5-level (highly positive) on the rating scale 

across all constructs. Interviewees 3 and 18 had slightly negative perceptions for constructs 

3 (Financial Benefit) and 5 (Level of Comfort), while interviewee 1, also had a slightly 

negative perception of comfort for FECREG. For DRENPLAN there were only minor 

differences in the mean rating across the five constructs. 
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Whilst FECREG and DRENPLAN, show the greatest difference from the other constructs, 

DRENEXP and DRENPLAN set interviewees in this cluster apart from those in the other 3 

clusters. Members of cluster 1 were generally negative about DRENEXP, indicating their 

preference for relying on testing as the main contributing factor to the decision to drench - 

this is also of course exemplified by their strong positive perception of FECREG discussed 

above. Based on the characteristics that best distinguish this group from the others, cluster 

one members could best be described as conducting worm management ‘by the book’ or 

according to current best practice recommendations. An appropriate descriptive name then 

for this cluster is the Best Practice group.  

Interestingly, this group is comprised mostly of Victorian interviewees (10 out of 13 in total). 

Given, however that following a drench plan is a strong and distinguishing feature of this 

group, this becomes more easily understood, since Victorian producers have a strong 

current use of veterinary approved drench plans for their individual property. This is in 

contrast to the experience of producers in the New England Region, for whom the concept 

of a drench plan tends to be negatively associated with the WormKill program that was 

introduced in the early 1980’s. Unfortunately, WormKill did not work for many producers 

after the main drench used for the program failed within a couple of years of the program’s 

implementation. This resulted in many producers associating the program with failure, rather 

than associating the failure with the particular drench involved. 
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Figure 9.4. Cluster 1 Repertory Grids level plot.   
Note: Numbers 1-5 on Y-axis represent the number of the cluster referred to where 1= Proven benefit, 2=level 
of control, 3= Financial Benefit, 4=Production Benefit and 5=Level of Comfort. Numbers 1-15 of X-axis refer 
to element number in order as in Table 9.2. 

Although the remaining 12 tools/practices do not strongly distinguish the Best Practice 

group from the remaining clusters, they do contribute to a more comprehensive 

understanding of the characteristics of the members of this group. In showing a strong 

preference for FECREG, members of the Best Practice group also show a less positive 

perception about FECNOWAG. Perceptions for this tool are either only slightly positive 

across all constructs, or neutral (3-level rating). In relation to how these producers manage, 

FECNOWAG is therefore not perceived as positively as regular FEC testing, but is also not 

perceived negatively since an unscheduled FEC test (i.e. FEC testing now and again) may be 

warranted on some occasions. Further, the neutral perceptions from members of the Best 

Practice group could be reflecting that doing some FEC testing is better than not doing any 

at all.  

Another practice related to drenching or having a drench strategy that is perceived 

favourably by Best Practice members is DRENFEC. Members of this group would rarely 
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drench without a FEC test, whether regular or impromptu, indicating a strong belief that 

drenching is best carried out in a planned and test-based manner. Further evidence of this 

preference is their predominantly negative perception of DRENOPP. All group members had 

a negative perception across all constructs, for DRENOPP, again indicating a preference for 

planned drenching – or having a drench strategy that is more responsive to FEC testing than 

other factors (such as experience and visual assessment or the time of year). 

Other tools that Best Practice members perceived highly favourably include DRENROT and 

DRENRES2. Given that members of this first cluster seem to prefer methods representing 

best practice, it is not surprising that they have a positive perception of rotating drenches 

(DRENROT). This is a practice currently recommended by researchers and veterinarians. 

Recommendations would suggest that a rotation based on a current drench resistant test 

(DRT) is best, however rotations of drenches based on drench families has also been 

promoted as effective (although some recent evidence suggests that rotating drenches may 

not in fact prolong the life of drenches – Lewis Kahn, personal communication, October 

2007). Notwithstanding the latter comment, members of this group are also highly positive 

about frequent DRT, as indicated by their positive ratings across all constructs for 

DRENRES2. This practice not only supports the practice of rotating drenches, but also is 

again indicative of this group’s preference for following current best practice 

recommendations – especially as they relate to the management and maintenance of 

drenches. 

Best Practice group members do not however restrict their positive perceptions to drench-

related practices; members of this group also have positive perceptions across most 

constructs for CLEANPAD, RAMEBV, SUPPFEED, SETTARG and PADHIST. The latter five 

tools represent best practices being recommended for the implementation of an integrated 

parasite management program, and are primarily strategic approaches to worm control that 
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require planning and record-keeping. The concept of having clean paddocks, particularly for 

lactating ewes and lambs, as well as following drenching, is not new, but is a strong 

component of an IPM-s approach. The selection of worm resistant rams, is a more recent 

concept, and it is not well understood or trusted by many of the producers interviewed, but 

is also a recommendation of the IPM-s program. So again, the Best Practice group members 

are exhibiting not only their preference for best practice, but also their knowledge of what is 

current best practice.  

The use of set targets for weighing sheep and body condition scoring (SETTARG), and 

PADHIST are strongly focussed on record keeping – a practice many of the interviewees 

were not actively undertaking. The repertory grid however does not indicate what practice 

people are actually using, but rather indicates their perception of the practice. Hence, while 

very few interviewees indicated they used set targets or kept written paddock histories, 

members of the Best Practice group nonetheless perceived these to be good ideas. This 

finding suggests that it indicates that these are practices that, at least for producers who 

have a preference for best practices, may become successfully integrated into future 

management over time following trialing, extension of the benefits and the provision of 

appropriate tools (e.g. record keeping handbook and computer programs for those who use 

computers).  

SUPPFEED, although rated positively overall across all constructs, showed more variability 

and a tendency towards a mid-range rating (3-level) across several constructs. In particular, 

the proven benefit, control over worm management and financial benefit constructs tended 

toward the neutral range more than the remaining constructs. This reflects, It can be argued, 

an uncertainty about the use of supplementary feeding for worm control specifically. Best 

Practice group members are relatively confident of the benefit of supplementary feeding to 

productivity (see construct four for this element), but are less certain how effective it is for 
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worm control. This was a common response for this practice throughout the interviews. 

Despite this, the Best Practice Group members seem willing to accept that there may be 

some benefit and have hence rated their perceptions of SUPPFEED positively. 

The remaining two tools, DRENRE10 and DRENRENO do not distinguish the Best Practice 

group from the other clusters, but they are notable for their difference to other perceptions 

provided by interviewees in this group. As for DRENOPP, perceptions of these two tools 

were highly negative. This reflects the common view amongst the producers interviewed 

that only testing for drench resistance every ten years, or not testing at all, is poor 

management. The negative response to these tools is therefore consistent with this group’s 

focus on best management practices. 

9.2.2.2 ANALYSIS OF CLUSTER TWO  

The second cluster contains 29 interviewees. This cluster does not have any outstanding 

characteristic features, and in particular is relatively similar along most element-construct 

pairs to the Best Practice group (see Figure 9.5). Despite this similarity, there are small, 

noticeable differences that do define this group from the Best Practice group.   
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Figure 9.5. Cluster 2 Repertory Grid level plot. 

The main difference between this cluster and the Best Practice cluster described above is 

that people in this cluster tended to be evenly divided in their perception of FECREG and 

FECNOWAG. In contrast, the Best Practice members, showed a clear preference for 

FECREG. A closer look at the ratings for the element construct pairs also reveals some 

small, but interesting differences that occurred across constructs for FECREG and 

FECNOWAG, that were not noticeably present for the Best Practice group. Firstly, 

members of this second cluster who indicated a positive perception of FECREG, generally 
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scored this element more positively for constructs 1 (proven benefit), 2 (control over worm 

management) and 4 (production benefit), as compared to their ratings for constructs 3 

(financial benefit) and 5 (level of comfort with practice). This indicates that there are some 

reservations about how effective for the cost regular FEC testing is, something also reflected 

perhaps by the slight drop in comfort, despite the general perception of proven benefit 

(which typically referred to the science and results being proven).  

For FECNOWAG, interviewees in this second cluster had positive perceptions across all 

constructs again, however there was a slight drop in the average rating along construct 2, 

which refers to level of control over worm management. This perhaps reflects the reactivity 

and lack of planning inherent to the ‘now and again’ approach to FEC testing. But could also 

reflect slight doubt about the value of FEC testing results to worm management – since 

some producers retain a scepticism about the accuracy of the results. This scepticism is, I 

propose, based in part on a lack of understanding about what information FEC tests are 

actually providing and how the interpretation of results should be used. Further for 

FECNOWAG, construct 3 (financial benefit) was also rated slightly lower (though still 

positive) by this group, indicating again the issue with the cost associated with FEC testing 

frequently mentioned by producers during the interviews. 

A key difference between these first and second groups (but not a key difference between 

the second, third and fourth groups) is the perception of using drench plans (DRENPLAN). 

Members in this second cluster view this tool either neutrally, or negatively, whereas Best 

Practice members viewed drench plans positively. This could be a reflection of the slightly 

higher proportion of New England producers in this group (17 vs. 12), as compared to the 

Best Practice group where there were more Victorian producers. As explained above, New 

England producers are somewhat sceptical of formal drench plans based on the experience 

in this region with programs such as WormKill. Victorian producers on the other hand 
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tended to have a more positive view of individual, vet-designed drench plans, with this a 

more common practice in that region. 

Another element, for which members of this group are clearly differentiated from members 

of the Best Practice group, is in relation to DRENEXP. Whereas members of the Best 

Practice group held negative perceptions of DRENEXP across all constructs, members of 

this second group held positive perceptions of this practice across all constructs. The only 

other group more positive about DRENEXP, is group four, which will be discussed later. 

Based on a rapid appraisal of management style made immediately after the interviews which 

was informed by the practices the producers indicated they did or did not currently use (see 

Chapter 7 for more details), this group is comprised predominantly of producers utilising a 

mixed range of tools i.e. both test-based methods and non-test based with no clear 

preference for either – the largest number of producers interviewed fell into this group. In 

contrast, the Best Practice group, is comprised of a mix of Modern and Mixed producers, 

with a clear preference for test-based worm management tools. A small number of each of 

the other three management approaches also occurred in this second group including: 

‘Modern’ (drench on testing only), ‘Traditional’ (preference for experience-based methods) 

and ‘Alternative’ producers (organic, non-drench based methods). Given the multifaceted 

nature of the management approach favoured by producers in this second cluster, the group 

will hereafter be referred to as the Mixed Methods group. 

Another feature of the Mixed Methods group is that members perceive DRENOPP in a 

more positive light than the Best Practice group. Having said this, rating for this element 

across all constructs, except 5 (comfort) are still, on average, negative for this group. The 

exception for construct 5, indicates that although members of this group perceived (or 

knew) this practice to be poor management – since it represents lack of planning- they were 

relatively comfortable doing it, represented by an average response rating of 3 (neutral). This 
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further reflects the strong impact of producers’ habits on their management practices, and 

particularly the tendency to conduct combined tasks at a similar time each year regardless of 

other factors, as discussed in Chapter 7. 

As for the Best Practice group, the Mixed Methods group do not perceive (DRENRE10) and 

DRENRENO positively. This, as described above, reflects an understanding by these 

producers that these practices do not represent good management. Where some producers 

have indicated that DRENRE10 might have somewhat more benefit than DRENRENO (as 

represented by the 5-rating not being applied to all constructs for this element), this reflects 

the producers’ belief that whilst not good practice, conducting a drench resistance test every 

ten years is at least better than never doing one at all. 

DRENRES2 in the Mixed Methods group is distinguished from the DRENRE10 and 

DRENRENO by the majority of positive ratings it received from most interviewees 

compared to the negative ratings for the other two. Only interviewee 32 indicated a 

negative perception across nearly all constructs for DRENRES2. The only construct for 

which interviewee 32 did not rate DRENRES2 at the 1-level was construct 2; control over 

worm management. This interviewee conversely rated DRENRENO more positively across 

all constructs than all other interviewees. These responses can be explained by the 

classification given to this producer, which indicates that interviewee 32 is an ‘Alternative’ 

producer and therefore the negative ratings reflect the fact that this person does not use 

drenches, and therefore has no need of DRT. Despite this, the one positive response along 

construct 2, indicates that they were able to acknowledge, that frequent DRT could provide 

some measure of control over worm management if you were using drenches. Conversely, 

never doing a DRT is good management for this alternative producer since no drenches are 

used, and therefore there is no reason to test. 
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Another tool also receiving a majority of highly positive ratings across all constructs in the 

Mixed Method group is CLEANPAD. This group has the highest average rating for this 

practice, although the ratings are not greatly different from the Best Practice group to stand 

out (average of 5-level ratings for Mixed Methods versus an average of 4-level ratings across 

all constructs for Best Practice group).   

Finally, as was the case for the Best Practice group, the Mixed Methods group members 

tended to have positive perceptions across most constructs for the remaining tools; 

SUPPFEED, RAMEBV, SETTARG and PADHIST. There are however some slight differences 

in the element-construct pair responses for a couple of the tools between the two clusters. 

As for the Best Practice group, members of the Mixed Methods group perceived SUPPFEED, 

more variably across the constructs, with a tendency for mid-range ratings (3-level) across 

several constructs. In particular, the Proven Benefit, Control over Worm Management, and 

Financial Benefit constructs tended toward the neutral range more than the remaining two 

constructs. This reflects, as stated above, an uncertainty about the use of supplementary 

feeding for worm control specifically. Mixed Methods group members are relatively 

confident of the benefit of supplementary feeding for productivity (see construct four for 

this element), but are less certain how effective it is for worm control specifically. This was a 

common response throughout the interviews for this practice. Despite this uncertainty, the 

Mixed Methods members also seem willing to accept that there may be some benefit and 

have hence rated their perceptions of SUPPFEED positively, as did the Best Practice group 

members. 

Mixed method members were slightly more positive than Best Practice members about 

RAMEBV, with this tool rated similarly across all constructs, except construct 1; proven 

benefit. Not unexpectedly, construct 1 was also less positively rated by the Best Practice 
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group – indicating again the uncertainty about the heritability of this trait amongst 

producers.   

SETTARG, was rated, on average, positively by the Mixed Method group, although responses 

across constructs were more variable than for the Best Practice group, particularly for 

constructs 1 (proven benefit), 2 (control over worm management) and 3 (financial benefit). 

This I would argue, shows some uncertainty about how the keeping of set targets for 

weights and condition scores (and specifically writing them down) can contribute to worm 

control. In contrast, most interviewees in both of these first two groups did not indicate any 

discomfort with having targets, nor seeing a positive impact on productivity - especially as 

most have them ‘in my head’ anyway. It is the relationship and benefit of this tool to worm 

control therefore that is uncertain. 

Mixed Methods members rated the final tool, PADHIST, on average, positively. Although 

rated similarly to the Best Practice group members, there are again several small differences 

across the constructs between the two groups. For instance, Mixed Methods members had a 

slightly more positive average rating for PADHIST along construct 4 (productivity benefit) 

than did Best Practice members, but a slightly less positive rating along construct 3 (financial 

benefit). Mixed Methods members were also slightly less positive along construct 5 (level of 

comfort using the tool) than Best Practice members. 

In summary, the main difference between the Mixed Methods group and the Best Practice 

group seems related primarily to the frequency of FEC testing (both viewed similarly), a 

negative perception of drench plans, and a positive perception about using experience and 

visual assessment for making drenching decisions. A less negative perception of drenching 

based on opportunity is also a small difference between these two groups. 
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9.2.2.3 ANALYSIS OF CLUSTER THREE  

The third cluster has a total of 15 members, with a nearly equal proportion of Victorian (7) 

and New England (8) producers. The elements that most distinguish this group from the 

previous two are FECREG, FECNOWAG, SETTARG, SUPPFEED, RAMEBV and PADHIST.  

Specifically, members of group three viewed FECNOWAG more positively than members of 

the other two groups, while, in contrast to the previous two groups, viewed FECREG, 

SETTARG, SUPPFEED, RAMEBV and PADHIST negatively, rather than positively. The 

negativity of this group is a feature shared for some elements with cluster four. See figure 

9.6 for the level plot diagram. 

 
Figure 9.6. Cluster 3 Repertory Grid level plot. 

Members of group three were entirely negative across all constructs for FECREG, but were 

the group most positive, on average, about conducting FEC now and again. This preference 

for a casual approach to FEC is coupled however with a highly positive perception of 



- 291 - 

drenching based on FEC (DRENFEC), as well as positive perceptions of rotating drenches 

and DRENRES2 – similarities also shared with the Best Practice and Mixed Methods groups. 

Members of cluster three had a similar perception about drench plans as the Mixed Methods 

group, but were not so positive about DRENEXP, as members of that group – though still 

positive on average, as opposed to the Best Practice group members. DRENOPP was not 

viewed positively by members of this group – another similarity this group shared with the 

Best Practice group – and indeed all groups. DRENROT, DRENRES2, DRENRES10 and 

DRENRENO were all viewed in a similar manner by these first three groups, with 

DRENROT and DRENRES2 viewed positively, and DRENRE10 and DRENRENO viewed 

negatively. 

Although, on average, positive about CLEANPAD as for the previous two groups, members 

of group three were not quite so positive about this practice. Whilst members of the Best 

Practice and Mixed Methods groups viewed this practice positively across all constructs, 

members of this third group showed variable responses across the constructs. Constructs 1 

and 2 (proven benefit and control over worm management respectively) were rated highly, 

in a similar way as the two previous groups, but ratings for the remaining three constructs 

were lower. Construct 3 (financial benefit) was rated lowest of the three. This less positive 

perception of the financial benefit is probably reflective of the infrastructure costs associated 

with establishing a rotational grazing system. The perceptions on production benefit may 

reflect uncertainty about the benefits to sheep weights and condition, while the perceptions 

of comfort potentially reflect the effort required to rotational graze, both in terms of 

infrastructure and time and availability of paddocks for rotating. Many producers commented 

during the interview that rotating to keep clean paddocks was cumbersome and one of the 

first practices to be dropped during very dry times – as was occurring when the interviews 
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were conducted. A frequent comment, particularly from producers in Victoria was ‘You can 

do it in a good year.’ 

As indicated earlier in this section, this group’s perception of SUPPFEED was a key 

distinguishing feature of the group. All other groups (including group 4) perceived 

SUPPFEED positively, while this group, perceived it negatively. In a similar way, SETTARG 

and PADHIST were viewed more negatively by members of this group, than the other three 

(although group 4 members were somewhat variable in their responses for PADHIST). 

RAMEBV was also perceived in a negative way; however, group three shared this negative 

perception with members of group four also.  

In summation, based on their responses to the tools and practices, members of this group 

appear to be characterised by their positive perception of tools that relate to drenching. The 

only management tool viewed favourably by members of this group that is not related to 

drenching or having a drench strategy is CLEANPAD. All the other management tools and 

practices that are unrelated to drenching are perceived negatively. An appropriate name for 

this group is the Drench Reliant group. Members of this group included mostly Mixed 

producers, and a small number of Traditional and Alternative producers. There were no 

producers classified as Modern in this group. 

9.2.2.4 ANALYSIS OF CLUSTER FOUR 

Members of cluster four displayed clear negative perceptions of many of the elements, 

including FECREG, FECNOWAG, DRENFEC, DRENOPP, DRENRES2, DRENRE10, and 

RAMEBV. For FECREG, FECNOWAG, DRENFEC, DRENRES2 and DRENRE10 all the 

interviewees’ responses are nearly completely negative across all constructs at the 1-level on 

the rating scale. The five members of this group are hence clearly distinguished by their 

negative perception of any tools relating to FEC testing or DRT. They are classified 
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therefore as the Test Averse group. Perhaps not surprisingly, the Test Averse group is 

comprised of producers classified, based on their practices, as Traditional (4 of 5) or 

Alternative (1 of the 5). As for the Drench Reliant group, there are no ‘Modern’ producers, 

nor are there any ‘Mixed’ producers (see Figure 9.7 for Level Plot). 

 
Figure 9.7. Cluster 4 Repertory Grid level plot. 

Unsurprisingly, members of the Test Averse group rated DRENEXP at the 5-level across all 

constructs. They also rated DRENROT at this level. The latter result is understandable, 

since although these producers do not test, they are aware that it is recommended that 

drenches be rotated at least once a year. This response for the Test Averse group indicates 

that the message about rotating drenches in principle has been successful, however the 

benefit of drench rotations without a drench resistance test to ascertain effectiveness is 

questionable. Most recommendations have in the past tended to recommend rotating based 

on DRT, rather than simply rotating between family or drench brands or names. 

CLEANPAD was perceived positively by members of the Test Averse group, probably 

because it is a management technique not related to drenching, and specifically because it 

does not involve testing of any kind. SUPPFEED was also perceived positively by this group, 

possibly because it is a practice they are familiar with, even though the context is not usually 

worm management specifically – this is potentially indicated by the higher level rating given 
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to construct 5 (level of comfort) as compared to the other constructs, particularly those 

related to financial and production benefit. Many producers indicated during the interviews 

that whilst they had not specifically used supplementary feeding for worm management, they 

could see that it might work since healthy sheep tended to be more resistant to worms. 

RAMEBV was rated negatively across all constructs, especially for those related to financial 

benefits. This is not a surprising result given the majority of this group are producers using 

more traditional management practices. There is obviously some uncertainty about the 

heritability of the trait and, therefore, the benefits of EBV-tested rams, as started earlier in 

this section. Interestingly, members of this group showed a small level of comfort with the 

idea of using EBV-tested rams, as indicated by a slightly positive rating on construct 5, as well 

as suggesting perhaps some potential for seeing production benefits (positive on construct 

4), more so than members of the Drench Reliant group. These less negative perceptions are 

conditional however, based on comments made during the interviews, upon the tool being 

proven effective and therefore of benefit. 

Interestingly, the average response to SETTARG was either neutral or positive for members 

of this group. One explanation for this relates to the fact that many producers consider 

themselves to have informal targets in their heads, as described elsewhere in this chapter. 

Producers therefore potentially perceive this practice as something not too dissimilar from 

what they are already doing, just formalised by actually writing the targets down and maybe 

weighing the sheep (although the latter is unlikely to occur in the short-term for most 

producers as not many have a set of scales).   

Finally, PADHIST, was rated also at the neutral or positive level, except for level of control 

over worm management (Construct 5), which was generally perceived negatively by all 

interviewees in this group. Construct 5 was rated most positively of the five constructs, 
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followed by production benefit, financial benefit and then proven benefit. These perceptions 

indicate that members of this group, whilst comfortable with the concept of keeping written 

paddock histories, are not at all certain of how they can specifically benefit worm control, 

profit or productivity. This is a common response for tools and practices for which ratings 

were neither predominantly positive nor negative across the four groups. 

9.2.2.5 DISCUSSION AND CONCLUSIONS: ALL FOUR CLUSTERS 

Table 9.3 below shows the spread of perceptions across clusters for all producers 

interviewed in Victoria and New England. The following summary and discussion about the 

interview data, and the differences and similarities identified may be aided by reference to 

this more visually accessible representation of the data. In the following section, the 

summary will be divided into a discussion about drench-related testing methods and the 

non-drench related worm control methods. 

9.2.2.6 SUMMARY OF DRENCH RELATED ELEMENTS 

It is evident from the table that the Drench Reliant group and the Test Averse groups (a 

combined total of 20 people) comprised respondents with more strongly negative 

perceptions of many of the 15 elements they were asked about than people in the first two 

clusters. The Drench Reliant group and Test Averse group, are distinguished between 

themselves by which elements respondents perceived negatively, with Test Averse 

interviewees tending to view both the Elements related to FEC testing negatively (FECREG 

and FECNOWAG), as well as both the Drench Resistance Testing (DRT) elements that 

involve conducting a DRT test (DRENRES2 and DRENRES10). 
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Table 9.3. Colour-coded representation of the similarities and differences of the 
mean construct-element Pair responses for each of the clusters 

ELEMENTS CLUSTERS  

 
Best 

Practice 

Mixed 
Methods 

Drench 
Reliant 

Test 
Averse 

 

KEY TO 

COLOUR 

CODING 

FECREG          Positive = Blue 

FECNOWAG          Negative = Red 

DRENPLN          
Mixed or Neutral = 
Green 

DRENFEC           

DRENEXP           

DRENOPP           

DRENROT           

DRENRES2           

DRENRE10           

DRENRENO           

CLEANPAD           

SUPPFEED           

RAMEBV           

SETTARG           

PADDHIST           

Drench Reliant interviewees however, only viewed regular FEC testing (FECREG) negatively, 

but were positive about FEC testing now and then (FECNOWAG). This group also did not 

perceive both DRT-related elements negatively as did the Test Averse interviewees. 

Interviewees in both the Drench Reliant and Test Averse groups indicated either neutral 

(level 3) or negative perceptions for the use of EBV-test rams. This is clearly a different 

perception to the Best Practice and Mixed Methods group interviewees, who were very 

positive about the use of worm resistant rams. The clustering suggests therefore that the 
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major monitoring tools, such as FEC and DRT are potential early indicators of differing 

perceptions and most likely, practices amongst producers. 

As a broad summary of the perceptions related to FEC and DRT, it is proposed that there 

are producers who do not view favourably any testing at all (Test Averse); those who prefer 

a more casual approach to FEC and DRT testing but who still rely on the result for drench 

decisions (Drench Reliant); those who are not certain as to whether more regular testing is 

valuable or not, and who are unwilling to rely solely on testing for the decision to drench 

(Mixed Methods); and finally, those for whom regular testing according to recommendations, 

is very important (Best Practice).  

Notwithstanding the above, even for the Best Practice group, some use of experience and 

visual assessment is common, despite indications that their perceptions of the practice are 

negative. One producer explained why he doesn’t use FEC testing on a regular basis in the 

following way: 

Regular FEC testing is not a regular habit for me because it’s (FEC) used as part 
of drenching or to address a problem. Sheep may need a drench regardless of 
what their egg count is – providing you’re happy with drench efficiency based on 
a DRT, and happy with the health of the sheep. 

There were three elements related to testing that received predominantly positive 

perceptions in more than one cluster, including drenching based on the results of FEC tests 

(clusters 1, 2 and 3); rotating drenches to maintain efficiency (all clusters); and conducting 

drench resistance tests every 2-3 years (clusters 1, 2 and 3).  Despite the similar positiveness 

about these tools and practices, there are some differences amongst the clusters, as 

discussed in detail in the preceding sections. Broadly, it is evident that the Best Practice, 

Mixed Method and Drench Reliant members share a similar perception about the benefits of 

drenching based on FEC results, but are differentiated most strongly from each other by 

their preference regarding the frequency and regularity of using FEC. Best Practice members 
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all prefer Regular FEC testing (every 2-3 weeks), while Drench Reliant members prefer to 

conduct FEC tests every now and then, whilst the Mixed Methods members are divided on 

which method is best.  

The producers interviewed often commented on the effort required for undertaking both 

FEC and DRT testing, with one producer stating for instance: 

If I could just snap my singers and do a FEC test I’d do them. If I could just point 
a machine at them.... Its cumbersome. I usually bring them into the yard to get a 
sample. 

On the topic of DRT testing, the same producer explained why he was not totally 

comfortable with the technique, saying: 

It’s just the hassle of going and doing it 

Another producer however saw FEC as more of a strategic approach, stating: 

FECing is strategic not problem-based. It’s important for before the second 
summer drench, when you have scouring sheep. You need to understand the 
issues behind it, react to the situation appropriately. Not understanding is not 
strategic - doing same thing every year. Need to be one jump ahead of problems. 

The Drench Reliant group is also similar to the first two groups based on the predominantly 

positive perception of conducting drench resistance tests every 2-3 years and its negative 

perception of DRT only every ten years (DRENRE10) or not at all.  

Members of Test Averse group are most similar to the other three groups based on their 

positive perception of rotating drenches. There are some similarities to all groups also due 

to positive perception of cleaning paddocks, and similarities to the Best Practice and Mixed 

Methods groups due to similar positive perceptions of supplementary feeding. The Test 

Averse group is differentiated however from these other three groups based on the 

perception of when one should drench, with members of Best Practice, Mixed Methods and 
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Drench Reliant groups preferring to drench based on FEC results, while Test Averse 

members prefer to drench based on experience and visual assessment. It is clear from the 

above analysis that the Test Averse group has several elements in common with each of the 

other groups, but is different to the others based primarily on whether or not FEC testing is 

used for drench decisions.  

One practice on which members of all four groups are in agreement is drenching based on 

opportunity, with all groups showing a strong negative perception of this practice. The result 

for opportunistic drenching is potentially a good sign for researchers interested in 

promoting targeted and planned drenching programs since it indicates that producers are at 

least aware that opportunistic drenching is not necessarily a good management practice. 

According to many comments made during the interviews, opportunistic drenching is 

frequently thought of as a “planned opportunity” with the ‘opportunistic’ drenching 

occurring every year at the same time in conjunction with another scheduled task, such as 

shearing or lamb marking, rather than as a task scheduled independently for its own sake. 

One producer stated this explicitly in the following way: 

Drenching based on opportunity, just don’t do it. Usually do the first summer 
drench when I am crutching - so I guess that’s an opportunity. Planned 
opportunity. If you can manage to do 2-3 things at once... 

That this practice of combining tasks, including drenching is relatively common amongst 

sheep producers, is supported by the Benchmark Survey results, which also indicated a 

preference for drenching based on the time of year regardless of other factors (see Chapter 

7).  

As suggested in Chapter 7, this type of ‘planned opportunity’, based on the time of year in 

order to coordinate tasks, may be a target for cessation for extension advisors where the 

events that drenching occurs in conjunction with are not appropriately timed for drenching 
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effectively. The exception to this may occur in Western Australia, where researchers there 

believe that so much monitoring has been carried out that there is ample evidence to 

suggest that a set drenching period is possible without the need to monitor FEC. Further, 

comments made by Victorian researchers during an IPM-s workshop held in October 2007 

indicated that the planned opportunities may be based on the drench times advised by 

historical drench plans and may inadvertently be the correct times to drench. 

Notwithstanding these comments, it is my opinion that if an IPM-s program is to be 

successful for producers, there is still a need for producers to be undertaking monitoring 

activities that allow them to be responsive to seasonal or other changes. If researchers are 

to condone the planned drenching of sheep without monitoring, then this moves the 

program away from being an integrated management system (which by its very definition is 

reliant on monitoring for responsiveness) to another form of drench plan such as has been 

trialed and frequently failed in the past.  

Furthermore, allowing or encouraging producers to remain uncritical about their farming 

system undermines the concept of an IPM system (see Chapter 3). In this way, the IPM-s 

program is not simply about encouraging changes in some practices, it is also about a change 

in culture, and encouraging producers to be proactive at all times of year (not just problem 

seasons) and to be more analytical about their practices – as opposed to being happy for 

someone to tell them when to drench. The sheep industry could learn much from changes in 

the cotton industry, where the Cotton CRC has invested many resources into encouraging 

culture and practice changes to accommodate an integrated pest management system. 

With regards to DRT, another monitoring tool implicated as important to differentiating 

between producers, members of the Best Practice, Mixed Methods and Drench Reliant 

groups are separated out from the Test Averse group based in part on their stronger 

positive perception of regular drench resistance testing (every 2-3 years as recommended). 
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In contrast members of the Test Averse group are strongly negative about drench resistance 

testing every 2-3 years and prefer no DRT at all.  

Conversely, the negative perceptions held conversely by the majority of interviewees about 

drench resistance testing only every ten years or not at all can be of potential comfort to 

researchers in the area who are concerned with levels of drench resistance testing. The 

responses to these elements indicate that most producers are aware of the benefits of 

timely drench resistance testing (2-3 years), and of the disadvantages of either no DRT or 

leaving it too late (ten years). However, there is a note of caution for this result. Many 

producers who indicated they knew it was better to have a drench resistance test regularly 

either had not done one done at all, or had left it longer than the recommended time-frame 

of 2-3 years (generally about 5 years is average according to accounts given in the personal 

interviews).  

There is potentially an element of social acceptability at work in these responses, similar to 

that described by Vanclay and others (Vanclay et al. 2006) regarding the tendency for 

farmers to portray themselves positively in response to questions about their management 

practices or style. This is supported somewhat by the Benchmark Survey 2004, where under 

half of respondents indicated they had conducted a drench resistance test, but only one third 

of those people had used a formal, recognised drench resistance test. Further, only 23 per 

cent of those who indicated some drench resistance testing had conducted one in the two 

years to 2004 – this represents only 18 per cent of the total number of respondents to the 

survey. As suggested in Chapter 7, attention needs to be given to addressing how producers 

are testing the resistance of drenches on their property and the frequency with which they 

are doing this. 



- 302 - 

9.2.2.7 CONCLUSION FOR DRENCH RELATED TOOLS AND PRACTICES 

The results for this cluster analysis, seem to support analyses performed on responses for 

the Benchmark Survey 2004 (Reeve & Thompson 2005), where there were shown to be 

significant differences between producers based on firstly on FEC testing, and secondly on 

drench resistance testing. This similarity of results between the Benchmark Survey and 

Interview data suggests the possibility of management indicators as discussed in Chapter 2 

regarding Farming Styles.  

On a more detailed level, the use of region-specific drench plans (DRENPLAN) and 

drenching based on experience and visual assessment (DRENEXP) are tools and practices 

for which some producers are uncertain of the value for worm management. In the case of 

DRENPLAN, this is most likely related to programs such as Worm Kill in the New England 

region, which were tried and eventually failed for most users due to drench failure at the 

time. From the Victorian perspective, set drench plans such as WormKill are not much of an 

historical or current influence, since most of the Victorian producers who have drench plans 

indicated that they were vet-recommended plans based on their individual farm. Hence, the 

uncertainty of a set regional drench plan arises mostly from not having much experience 

with them.  

The use of experience and visual assessment (DRENEXP) was a practice for which the 

responses were subject to a level of social pressure, with many interviewees reluctantly 

admitting they do it alongside FEC testing, frequently stating “I know I shouldn’t, but...”. To 

some interviewees, visual assessment is a form of “stockmanship”, the loss of which is 

considered more of a detriment than a benefit. One producer stated for instance: 

Experience and visual assessment are very important. A top man can tell if a mob 
is going backwards well before the average bloke. If I could see them an extra 4-
5 days earlier I could save myself a lot of trouble. 
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There is a clear issue related to FEC testing in particular here. It is possible that a reliance 

on FEC testing, or other tests and technologies, could devalue the benefits of experience 

and possibly ‘local knowledge’ (as I believe is already occurring based on comments during 

the personal interviews), and result in the loss of valuable skills and experience held by 

producers. The devaluing and potential loss of these skills not only has implications for flock 

care and worm management (as some level of visual assessment cannot be a bad thing – see 

for instance the use of FAMACHA© by smaller producers in Africa, Europe and the USA), 

but it also has important personal implications for producers, particularly those whose self-

identity is closely related to their skill as a sheep farmer. Furthermore, the potential is there 

for producers to feel threatened by FEC and other similar monitoring technology that may 

appear on some level to emasculate them of these ‘stockmanship’ skills. The extension of 

such technology and monitoring should not therefore directly challenge producers’ self-

identity, but seek to produce a perception and acknowledgement of skills being transferred 

to enable the carrying out of these new tasks.  This latter point is potentially a major hurdle 

for the IPM-s program since it could represent a challenge to producers’ self-identity by 

seeming to devalue currently held skills and knowledge. 

9.2.2.8 SUMMARY FOR NON-DRENCH RELATED TOOLS 

CLEANPAD, SUPPFEED, SETTARG, RAMEBV & PADHIST represent elements of the IPM-s 

system that are a combination of management and monitoring tasks not related to drenching 

or having a drench strategy. Of this group, only CLEANPAD received predominantly 

positive response from interviewees, but not at the strongly positive, 1-level of the rating 

scale. The remaining practices are characterised by very mixed responses from interviewees 

across the cluster groups. 

As indicated in Chapter 7, cleaning paddocks seems to be a relatively well-accepted practice, 

indicating to some extent the success of extension work to promote this practice over set 
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stocking. Members of the Mixed Methods group were strongly positive about the idea of 

cleaning paddocks across all constructs, while the Best Practice group were also positive, but 

slightly less so. Members of the Drench Reliant and Test Averse groups had mixed 

responses across constructs regarding cleaning paddocks, with most Drench Reliant 

members rating the practice positively for proven benefit and control, but indicated they 

were less certain about the financial and production benefits and their level of comfort with 

the practice since most responses were in the neutral position for these constructs. 

Members of the Test Averse group also seemed to be uncertain of the financial and 

production benefits of cleaning paddocks, but also slightly uncertain about its overall proven 

benefits as indicated by relatively mid-level ratings for constructs 3, 4 and 1. Despite this, 

their responses indicated that cleaning paddocks did give them some measure of control 

over worm management as reflected by positive responses to this construct, and they were 

very comfortable with the practice as reflected by the strong positive response relating to 

their level of comfort using the practice. 

Supplementary feeding specifically for worm control was viewed, on average, positively by 

the Best Practice, Mixed Method and Test Averse groups, but negatively by the Drench 

Reliant group. Despite the average positive rating for the groups mentioned, there is 

evidence of some uncertainty about supplementary feeding specifically for worm control, 

with rating levels tending towards the neutral or 4-level. One producer stated regarding 

SUPPFEED: 

I sometimes supplementary feed, though less than most people – but not for 
worms particularly.” 

Another producer stated his uncertainty about the practice more explicitly with the 

following comment: 
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Supplementary feeding? Not something I’ve heard of (in relation to worm control), 
if it works I’d go with it and its something I might chase up. Be very interested in 
seeing the results. Can see the logic, but its unknown. 

The Best Practice and Mixed Methods groups viewed the use of rams selected for worm 

resistance positively along most constructs, although there was a slight reduction in the level 

for both groups along construct 1 (proven benefit). The Drench Reliant and Test Averse 

groups were strongly negative about selecting EBV-tested rams. In general, responses to this 

practice were characterised by an uncertainty about the genetic heritability of worm 

resistance and particularly in Victoria, by uncertainty about where to source EBV-tested 

rams. Further, producers often commented that there were other traits that had higher 

priority on their list when selecting rams. 

EBV tested rams: evidence is more anecdotal. Haven’t seen results in terms of 
proven or clear benefit. 

While another stated: 

I’m not convinced you can select on EBV. I think it’s possible but very slim. 

And another expressed concern about the value of the practice: 
EBV tested rams - I’d have to be a little bit cynical about that. Can’t see the value. 

Finally, an example of perception with regard to priorities included this statement: 

Rating of 2 for EBV tested rams because you have to weigh the benefits with 
practicality so it slips back a bit. 

The use of set targets for monitoring either weights or body condition scores, showed a 

similar response pattern as that for selecting EBV-tested rams, with the Best Practice and 

Mixed Methods groups mostly positive, and in this case, the Test Averse group also positive 

in their perception of this practice. Though again, these groups had mixed responses across 

the five constructs. The Drench Reliant group in contrast to the other three groups was 

strongly negative about this practice.  
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Generally, most producers who responded positively about the use of monitoring and having 

set weight and body condition score targets qualified their ratings by indicating that whilst 

they could see the potential benefit, they did not have written targets or records, and 

instead relied on visual assessments of body condition score and weight also. One producer 

stated about set targets: 

I don’t specifically target them for weight. I don’t even have a set of scales. I do 
condition score. I have heard a lot about that, that a ewe in good condition has a 
better chance of withstanding worms. 

For the most part, producers did not have too much to say about targets, except that they 

either didn’t have them, or used visual assessment to assess how the sheep were doing. 

There was only one producer interviewed who had a set of scales. Most respondents 

indicated that undertaking to weigh their sheep was too onerous a task and that a set of 

scales was too expensive.  

The reliance on visual assessment as a monitoring method, is perhaps a factor that can 

explain why the Test Averse group (who might be expected to react negatively to any type 

of monitoring practice), were somewhat positive about this practice. As started earlier in 

this chapter, the Test Averse group tends to have a preference for more ‘traditional’ 

management practices, and I would argue that they perceived visual assessment of the 

condition of their sheep as a mark of their stockmanship skills. One producer stated for 

instance: 

Intuition is a big thing in farming & animal husbandry - learning all the time but 
you don’t realise it. You pick up these things, its visual; just walking through the 
paddock you can see things. 

As indicated above, the Drench Reliant group viewed this practice in a strongly negative way, 

and this can be explained by proposing that the group is comprised of producers who are 
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only keen on monitoring practices that involve moderate amounts of testing specifically 

related to drenching (i.e. FEC testing and DRT).  

Finally, the responses for keeping written paddock histories were similar to those for the 

use of set targets and monitoring, although, while the Best Practice and Mixed Methods 

groups were positive, the Test Averse group was less so, and tended more towards the 

neutral for most constructs, except along construct 2 (control over worm management). 

Members of the Drench Reliant group were strongly negative about this practice. A caveat 

applies to the positive responses recorded for this practice, with interviewees again 

indicating that whilst they could see the benefit in this practice in theory, in practice most 

producers indicated that their paddock histories were “stored in my head”. Although one or 

two producers had small field notebooks for recording paddock rotations and stock 

movements, in general these records were not specifically for the purpose of worm control 

– rather the movements were recorded for the purposes of pasture management, with the 

benefit of clean paddocks or worm control a secondary bonus. One producer stated about 

keeping written paddock histories: 

I keep written paddock histories but don’t use them for worm management. 

While another stated: 

Don’t keep paddock histories as such, but keep a diary and I could tell you each 
day of the year what I have done. 

The generality of this response amongst the producer interviewed is supported in the results 

of the Benchmark Survey 2004 in regards to rotation grazing systems, with 42 per cent of 

respondents across all regions indicating that the key objective of the rotation system was 

for pasture management and only 23 per cent of respondents indicating parasite 

management as a key objective. 
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A very small number of producers did see the importance of record keeping and similar 

practices, with one stating about his management approach: 

Observation - action - management. I think in patterns. FEC test regularly, follow 
drench plan, drench on FEC ... hard to group, to me worm control is all the one 
thing. Rotate, DRT, Cleaning paddocks - just good management practice -  Select 
EBV tested rams - management, last several just good management practice. 
Anything that allows us to keep a record of worms is something we do. Including 
withholding periods and chemicals MLA system Flock Care and Cattle Care, keep 
to a high standard. If you don’t have written records you don’t know what you’re 
doing. 

Whilst the comment regarding the benefits of record keeping was not common amongst the 

producers interviewed for this study, what was common was the view that worm control 

was an integral part of farm management. The initial interview design was in fact altered 

because the pilot group of producers had difficulty when taken through the traditional triadic 

approach of the RepGrid to identify two similar elements, and how they were different from 

a third. Producers consistently were unable to identify differences, rather they preferred to 

arrange the element cards based on the different tools’ relationships to each other. This 

tendency to identify relationships is I suggest promising for the IPM-s approach as it indicates 

that the holistic management approach is not as unfamiliar to producers as may be thought. 

9.2.2.9 CONCLUSIONS FOR NON-DRENCH RELATED TOOLS AND PRACTICES 

Based on the responses for the use of set targets and the keeping of written paddock 

histories, it could be suggested that long-term current management habits are impacting on 

some producers, with the Drench Reliant group indicating through their responses that they 

are not positive about undertaking monitoring tasks that are not drench-related, such as 

monitoring to achieve set targets or keeping written paddock histories. Test Averse group 

members on the other hand are not so negative about keeping written paddock histories, 

but are strongly against monitoring tasks related to drenching, including both the FEC-

related elements and the DRT-related practices. These responses are, I propose, in part 
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based on unwillingness to change from the current management habits, particularly those 

that producers feel they can manage without formal processes (such as storing paddock 

histories in their head, or using visual assessment to monitor sheep). 

For the majority of interviewees, many of the tools and practices not related to drenching 

represent areas of some uncertainty. This is particularly true for supplementary feeding 

specifically to manage worms; selecting EBV tested rams); using set targets for monitoring in 

order to manage worms; and maintaining paddock histories as a worm control tool. Broadly 

speaking, interviewees comments indicated for these practices that they were not certain of 

how they could be helpful to worm management and therefore of benefit.  

In the case of selecting EBV-tested rams, interviewees, particularly, in Victoria, indicated that 

they were most uncertain about the proof of the genetic heritability of this trait, rather than 

how it could be beneficial to worm management. One interviewee stated for instance: 

Not sure if it’s highly heritable – no one’s ever replicated same animal again. 

The responses related to record keeping and monitoring also point to a need for extension 

advisors and researchers to investigate management trends based on record keeping and to 

investigate the design and provision of both a targeted worm management record keeping 

workbook (that is not too complex) and an easy-to-use computer program for those who 

have and use their computers.  

The results further indicate that there is also a need to address the issue of knowledge and 

trust about the science and practicality behind EBV tested rams, since no clusters indicated a 

100 per cent positive perception of this, and two groups indicated a strongly negative 

perception (Drench Reliant and Test Averse groups). As indicated above, qualitative 

information from the interviews in both regions shows some doubts amongst producers 
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regarding the heritability of worm resistance and particularly in Victoria, a lack of knowledge 

about where to source EBV tested rams. Further, interviewees from both regions indicated 

that there were priorities other than worm resistance that ranked higher when selecting a 

ram. 

Finally, the lack of strong construct polarity (positive-negative) for a number of elements, 

particularly CLEANPAD, SUPPFEED, RAMEBV, SETTARG and PADHIST indicates potential 

uncertainty about these tools, and in some cases, particularly a lack of knowledge about how 

they would be used for worm management. As mentioned in Chapter 9, although many 

interviewees stated they would be willing to try some of these tools or practices if they 

were proven to be effective and if they knew more about them.  

9.3 Management Indicators Analysis of the Benchmark Survey 
data 

As mentioned earlier in this chapter, an analysis of data from the Benchmark Survey was 

conducted in order to see if any specific determinants or descriptive indicators of farm 

management style could be identified in the survey data also. This exercise was influenced by 

identification of the potential for identifying key management indicators described above. 

The results from this analysis are described below. 

Using the survey data, partitioning on the basis of the responses to questions exploring 

attitudinal and behavioural aspects of worm management was carried out. Based on 

indications from previous analyses of both the Benchmark Survey and interview data (see 

Chapters 7 and 8 and section 9.2) it seemed likely that FEC and drench resistance testing 

would be potential indicators of worm management styles.  Accordingly, respondents were 

grouped into four categories as follows:  

1. those who perform both tests,  
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2. those who do only FEC, 

3.  those who only do drench resistance tests (DRT), and 

4. those who do neither.  

Table 9.4 shows the proportion of the 1294 respondents in each of the four groups 

described above (see section 9.1.3). Further analysis, using chi-square tests of independence 

of factors and analysis of variance by ranks (Kruskal-Wallis test) showed significant 

differences across these four groups for many of the variables available from the survey. The 

variables with the more significant differences identified are listed in Table 9.5 below. Each of 

these questions will be examined in turn below to explore the possible implications of these 

differences. A summary table of the significant results in contained in Table 9.6. 

Table 9.4. Proportion of survey respondents in each of the four test groups 

Group Proportion of respondents in Group (%) 

Both Tests 28.6 

FEC only 15.1 

DRT only 15.1 

Neither test 41.1 

Table 9.5. Survey questions showing significant differences across the four test 
groups 

Variable Relationship with group membership 

Q10.Grazing strategies used Several strategies: e.g. rotational grazing more common 
among those using both tests. 

Q17. Factors affecting the 
decision to drench  

Several factors: e.g. daggy sheep more likely to be seen as 
important by those doing neither test. 

Q19. Rams selected for 
resistance 

Those doing both tests more likely to use rams selected for 
resistance. 

Q20. Main advisor for worm 
control 

Those doing both tests more likely to use off-farm advice.  
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Table 9.6.  Significant results for analysis of Benchmark survey questions based on 
FEC and DRT partitioning. 

RESPONSE TO 
QUESTION 

PROPORTION OF RESPONDENTS (%) 

 Both FEC DRT Neither Test n P value 

Q10. Set stock at 
lambing only 

43.2 36.4 34.7 24.2 Chi-square 1269 P < 0.000 

Q10. Cell grazing 12.1 10.6 3.2 7.1 Chi-square 1273 P < 0.000 

Q10. Rotation grazing 50.3 43.5 37.3 33.6 Chi-square 1286 P < 0.000 

Q19. Select EBV-
tested rams 

28.6 13.1 6.8 6.4 Chi-square 1283 P < 0.000 

Q19. Prepare 
pastures using 
‘other’ grazing 
technique 

48.1 34.6 34 21.5 Chi-square 1283 P < 0.000 

Q20. Self or 
employees 
advice 

52.4 69.7 78.1 94.0 Chi-square 1278 P < 0.000 

Q20. Whether or not 
to use a vet 

15.2 13.3 6.1 0.8 Chi-square 1278 P < 0.000 

Q20. Whether or not 
to use a 
consultant 

19.0 4.6 1.5 0.2 Chi-square 1278 P < 0.000 

 MEAN IMPORTANCE SCORES  
(1= NOT IMPORTANT, 5= VERY IMPORTANT) 

Q17. FEC results 3.8 3.7 2.9 2.1 Kruskal 
Wallis 

878 P < 0.000 

Q17. Daggy sheep 2.2 2.5 2.7 2.6 Kruskal 
Wallis 

1042 P < 0.000 

Q17. Condition Score 2.6 2.9 2.8 3.0 Kruskal 
Wallis 

1024 P < 0.000 

Q17. Time of Year 3.2 3.3 3.5 3.5 Kruskal 
Wallis 

1125 P < 0.000 

9.3.1 Question10: Grazing strategies used 

Question 10 of the Benchmark survey asked respondents to indicate from eight options 

provided which grazing strategies they use. The options provided are detailed below.  

1. Set stocking, 
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2. Set stocking at lambing only, 

3. Alternate between sheep and cattle; 

4. Alternate between sheep and crop stubble; 

5. Alternate between sheep and forage crops; 

6. Cell grazing; 

7. Rotational grazing; and 

8. Other. 

Of the options provided, those showing the most significant differences between the two 

testing extremes (i.e. those doing both tests and those doing none) were options 2, 6 and 7.  

A cross-tabulation of the results for Set Stocking at Lambing Only, indicated that those 

respondents carrying out both FEC and DRT are more likely to set stock at lambing only (43 

per cent stocked in this way), than those not doing either test (24 per cent). See Figure 9.6. 

A cross-tabulation of the results for Cell Grazing, indicated that those respondents carrying 

out both FEC and DRT are more likely to Cell Graze (12 per cent), than those not doing 

either test (4 per cent). A similar result was shown for Rotation Grazing where 50 per cent 

of respondents indicating they did both tests used rotation grazing as compared to 33 per 

cent who did neither test. 
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9.3.2 Question 17: Importance of factors affecting the decision to drench 
ewes 

Producers were asked to rank the importance of several factors that may affect their 

decision to drench ewes specifically. This list is provided below: 

1. FEC results; 

2. body condition scores; 

3. seasonal weather conditions; 

4. time of year; 

5. pasture availability; 

6. pasture quality; and 

7. the presence of daggy sheep in the mob. 

Although the differences between the testing groups were significant across all of the factors 

at the p<0.0005 level, those factors showing the most marked differences according to 

testing activities included factor numbers 1 (FEC results) and 7 (Presence of daggy sheep in 

mob). Also of note however, were responses for factors 2 (Condition Scores) and 4 (Time 

of Year). Although responses for these latter two factors were not quite as extreme as for 

factors 1 and 7, the differences were still quite significant and indicative of particular 

management approaches. 

Respondents doing both tests were more likely to view the results of FEC testing as Very 

Important to the decision to drench ewes, as reflected in Table 10.2.5 where the Mean 
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Importance Score (MIP) for FEC results is 3.8 (out of 5), compared to a MIP of 2.1 for 

respondents doing neither test. 

Those respondents doing both tests were less likely (12.3 per cent, MIP 2.2) than those 

doing neither (33.9 per cent, MIP 2.6) to use presence of daggy sheep in the mob as a Very 

Important factor for consideration when deciding to drench ewes. 

The results for the importance of condition scoring as a factor affecting the decision to 

drench, indicated that this was Very Important for only 15.8 per cent (MIP 2.6) of producer 

doing both tests, but was Very Important to 37 per cent of producers doing neither (MIP 

3.0). These results support the interview results, which also show the importance of visual 

assessment (of which condition scoring is a method) as a factor in the decision to drench. 

Finally, the results for the cross-tabulation of the importance of Time of Year, show a less 

well developed trend (though still statistically significant), for producers doing both tests to 

be less likely (43 per cent, MIP 3.2) than those doing neither (61.6 per cent, MIP 3.5) to base 

drench decisions on Time of Year. At the same time as showing there is a management 

different between the two groups, the relatively high percentages in both groups still using 

Time of Year as a decision-making factor supports results from the interviews, also showing 

this to be an influence on drenching decisions. As suggested earlier in this chapter, under a 

true IPM system, which relies heavily on monitoring and responsiveness to the results (as 

well as other indicators), the habit of undertaking drenching based on Time of Year, 

regardless of other factors, is not necessarily compatible with the IPM approach. 

Pasture availability was not a factor that was significantly differentiated between the two 

groups. 
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9.3.3 Question 19: Treatment and techniques used for worm control 

For Question 19 of the Benchmark Survey, a list of practices for worm control were listed 

and respondents were asked to indicate which items on the list they used on their property. 

The list included: 

• Prepare pastures by ‘Smart grazing’; 

• Prepare pastures by other grazing techniques; 

• Leave some sheep un-drenched at summer treatments; 

• Feeding strategy; 

• Use rams selected for resistance to worms; 

• Organic methods; 

• Drenching; and 

• Other. 

Among these items, the most significant differences were for Use rams selected for 

resistance to worms and Prepare pastures by ‘Smart grazing’.  For each of these the largest 

differences were between the group using both tests and the group using neither, with those 

respondents doing both tests (28.6 per cent) over four times more likely to select rams with 

resistance to worms, than those doing neither test (6.4 per cent).  

There was a difference for the option Prepare pastures by other grazing techniques (i.e. 

other than Smart Grazing), with 48.1 per cent of producers using both tests nominating this 

option as compared to 21.5 per cent of producers doing neither test.  



- 317 - 

9.3.4 Question 20: Main advisor for worm control 

As discussed in Chapter 7, an interesting result that arose from the initial analysis of the 

Benchmark survey was the high number of producers either self-advising about worm 

control, or relying on their staff, as opposed to seeking professional advice. The results of a 

cross-tabulation of the results from this question against the four test groups produced the 

following results (see Table 9.6 for a summary).  

As might be expected, the summary table reveals that those producers less likely to seek 

outside advice for worm control are those who conduct neither FEC nor drench resistance 

tests. Producers conducting both tests are nearly twice as likely to seek outside advice, 

particularly from a private consultant or a local vet, indicating that the use of these 

consultants is tied to undertaking the tests (i.e. since the tests have to be sent to these 

consultant for analysis, unless FEC testing is conducted at home). 

9.3.5 Summary of Management Indicators Analyses based on Benchmark 
Survey 

The differences described above suggest that there may be a number of styles of internal 

parasite management among sheep producers. Whether or not a producer is doing FEC and 

drench resistance tests may provide a simple, early indicator of their style of internal 

parasite management that can be used as a starting point for extension officers to further 

examine the producer’s perceptions of worm management practices and in particular testing 

and monitoring tools. 

The analyses conducted on the Benchmark survey suggest that the use of these tests as an 

indicator, could provide some indication as to the importance of certain factors on the 

decision to drench, particularly the likelihood for the producer (based on their testing 
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practices) to use FEC results, the presence of daggy sheep in the mob, condition scores and 

Time of year as key determinants of when to drench ewes. 

Further, the use of FEC and DRT may alert extension advisors to examine the grazing 

strategies their client is using for worm control and where they source advice for worm 

control. 

9.4 Conclusions: Indicators of worm management 

Results from both the interview and Benchmark Survey data sources show a relationship 

between producers based on their FEC and DRT testing perceptions and practices. The 

cluster analysis (section 9.1) groups exhibited both small and larger differences between 

membership characteristics based on FEC and DRT perceptions and practices. For example, 

the Best Practice group perceived regular FEC testing more positively than FEC testing now 

and then, whilst members of the Mixed Methods group were equally divided over which FEC 

testing approach was better. Other groups had no preference for either FEC testing 

frequencies. 

The analysis of the Benchmark Survey data revealed that responses to questions involving 

attitudes or perceptions of particular worm management practices were also correlated 

with preferences for FEC and drench resistance testing, which were measured independently 

of the questions about these practices. In general, those respondents conducting either one 

or both of the tests were generally more likely to be engaging in practices considered ‘best 

practice’ (FEC and DRT). 

The consistency of the results suggesting a relationship between testing perceptions and 

practice, and the use of other worm management KSPs, suggests therefore that it may be 

possible to identify key indicators of worm management used by sheep producers. The 
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following tools seem to be of particular importance when attempting to determine trends in 

the different management approaches of the sheep producers studied: 

• Whether or not FEC testing is used; 

• How FEC is used (issues of frequency, and testing triggers – strategic or problem 

based); 

• Whether or not drench resistance testing is carried out; 

• Frequency and use of DRT; 

• Combination of tools and practices – issues of reliance on drenching or use of 

drenching and other management options. 

Use of the above points allowed the interviewees to be classified into four different groups; 

which based on the composition of the clusters obtained, were labelled: 

• Best Practice group, 

• Mixed Methods, 

• Drench Reliant, and  

• Test Averse. 

Table 9.7 provides a broad summary of the main characteristics of these groups. 

Characteristics of these groups could be applied to survey data similar to that contained in 

the benchmark survey in order to further confirm some of the characteristics. This has not 

been attempted here since much of the data in the Benchmark survey is not comparable to 

the classification system, as the instrument was not designed for the classification of 

producers based on practices. A more targeted survey tool would be required for a more 

detailed analysis of the classifications. 
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Inherent I believe in most producers is a predisposition to use some measure of intuition in 

their management (see Chapter 8 for a previous discussion of intuition). This is exemplified 

in the cluster analysis for instance where visual assessment and experience is perceived 

positively by three out of the four cluster groups (see section 9.1). Accounts given by 

producers interviewed also indicated there was a strong component of intuition to their 

management, exemplified not only by the tendency to keep records and targets ‘in their 

heads’, but also in the belief that intuition is a sign of competent stockmanship (see section 

9.1.3.6). There is however a broad range of sophistication for intuition, ranging from those 

who are truly gifted at reading sheep and the subtle cues available through their behaviours, 

to those who require a dead sheep to prompt action. Hence, whilst management behaviour 

can be identified through the use of specific tools, there needs to be acknowledgement of 

the vast stores of individual local knowledge producers draw on to influence their decisions, 

which cannot be captured through surveys or other research instruments. This type of 

knowledge will only be available to extension officers in the field and will require them to 

rely on their intuition and rapport with their clients when assessing how to match 

innovations with producers’ management approaches. 
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Table 9.7. Summary of major producer classifications 

 FEC 
Preferences 

DRT 
Preferences 

Visual 

Assessment 

Non-drench 
related 

management 
preferences 

Likely 
Benchmark 

Survey 
group 

membership 

Best 
Practice 

Regular and 
often 

Every 2-3 
years 

Negative 
perception  

Positive 
perceptions for 

all 

Both FEC & 
DRT 

Mixed 
Methods 

Divided 
between 

Regular and 
Casual 

Every 2-3 
years 

Positive 
perception  

Positive 
perceptions for 

all 

FEC Only, 
DRT Only or 

Both 

Drench 
Reliant 

Casual Every 2-3 
years 

Neutral to 
positive 

perception 

Cleaning 
paddocks only 

FEC Only, 
DRT Only or 

Both 

Test 
Averse 

No testing No testing Strong 
positive 

perception 

Cleaning 
paddocks, 

supplementary 
feeding & set 
targets only 

Neither FEC or 
DRT 

As described in section 7.5.2.1, a rapid appraisal of management style was made immediately 

after the interviews.  The relationship between this classification and that obtained through 

the cluster analysis was examined using a cross-tabulation and the Kappa statistic. The 

results are presented in Table 9.8.  
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Table 9.8. Proportion of interviewees predicted by membership in the cluster group 
to also occur in the corresponding group for the rapid appraisal 

Approach 

Cluster 

Modern 

Methods 

Percentage 

of Total ((%) 

Mixed 

Methods 

Percentage 

of Total (%) 

Traditional 

Approach 

Percentage 

of Total (%) 

Tradition or 

Alternative 

Percentage 

of Total (%) 

Total 

Percentage 

of Total (%) 

Best 

Practice 
1.6 11.3 8.1 0.0 21.0 

Mixed 

Methods 
6.5 24.2 11.3 4.8 46.8 

Drench 

Reliant 
4.8 14.5 1.6 3.2 24.2 

Test 

Averse 
6.5 0.0 0.0 1.6 8.1 

Total 19.4 50.0 21.0 9.7 100.0 

n=62, Kappa=-0.64, p=0.424 

The Kappa statistic is a measure of the extent to which membership of the rapid appraisal of 

management style is predictive of membership of the groups obtained by cluster analysis. 

The proportion of farmers correctly classified is the sum of the percentages lying on the 

diagonal of Table 9.8, viz. 29.0 per cent. The Kappa statistic shows that this is no better than 

could occur by chance – in other words, membership of the rapid appraisal management 

style classification does not predict membership of the groups obtained by cluster analysis of 

the ratings of the fifteen elements on the five constructs.   

There is, I believe, a lesson in the above results, particularly for extension workers. My rapid 

appraisal was devised in good faith, without specific prejudices against any of the producers I 

interviewed. Further, the rapid appraisal classifications were based on the elements that the 

producers indicated they used regularly, did not use, used sometimes or would never use. 

By using such lists of use, I had hoped to create classifications that were somewhat removed 

from my subjective opinion of the producer following the interview (since all opinions are of 

course subjective!). What the results of comparing the cluster analysis and rapid appraisal 

classification system show however is that you cannot predict someone else’s perceptions 
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(or personal constructs) by simply looking at what they do. The potential relevance for 

extension agents, is that their initial impression of a producer, based on what they are doing 

on their property, may not be representative of this person’s deeply held beliefs, perceptions 

or personal constructs.  

The implication of this, is that in order to fully understand producers, and the beliefs, 

perceptions and personal constructs that influence their actions, and most likely their 

decisions, researchers and extension agents should compile more in-depth profiles of 

producers, using a method such as the repertory grid. The results of such an investigation 

could aid with the design of research, and extension, by identifying issues of concern to the 

producer, as well as triggers or leverage points, in their personal constructs that could be 

used in extension. It should also be remembered that PCT and the repertory grid are in and 

of themselves potential agents for change. They could hold promise as a more frequently 

used tool in the extension agent’s toolkit. 

The section below will look at why indicators of management style could have utility in 

extension. 

9.4.1 Why bother with indicators? 

As discussed in previous chapters, classification systems and typologies are a common tool 

used by social researchers in an attempt to order data and try to see patterns of behaviour, 

perceptions, attitudes etc (see discussion in Chapter 2). Agricultural extension does not 

need to be immune from this trend, and could perhaps benefit from it within the context of 

management styles.  

Previous, traditional, conceptualisations of adoption typologies have tended to focus on the 

characteristics of producers as they relate to the speed with which they adopt innovations 
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(Glyde & Vanclay 1996; Kloppenburg 1991; Pannell et al. 2006; Vanclay 2004). So for 

example, we have Rogers’ classification of producers into Innovators, Early Adopters, the 

Early Majority, the Late Majority and the Laggards (Rogers 2003). Rogers’ typology is in 

current use, particularly by marketers of agricultural innovations, and is therefore of special 

mention with regards to extension typologies. This typology however is more detrimental I 

believe than helpful, particularly as it utilises emotive labels at the two extremes of adoption 

nomenclature i.e. “innovators” and “laggards”.  The terminology and basis of Rogers’ 

adoption typology does not examine or seek to explain the reasons as to why producers 

may take up innovations at different rates and specifically fails to acknowledge the 

fundamental belief systems and personal and socio-cultural attributes of people, which play 

an important role in decision-making. The adoption of agricultural innovations is at some 

level I believe, fundamentally connected to people’s beliefs and self-perception as a person 

and as a producer.  

The agricultural extension industry needs to move towards typologies, or even indicator 

sets, that are at a basic level more descriptive of how a producer manages, and more 

accurately identify factors and underlying worldviews that are important to their 

management approach and production and lifestyle goals. This is more constructive than 

labelling producers for not adopting an innovation at the speed with which industry would 

like simply because industry believes it is useful and better than current tools and practices. 

Other adoption patterns that a typology such as Rogers’ does not account for, include those 

where a producer may have used then abandoned an innovation, either because it was not 

satisfactory or because it became redundant to their management. In such situations, these 

producers would likely be labelled laggards based on a survey - which represents a snapshot 

of the specific point in time at which it is administered. The survey would not represent the 

fact that these people have previously adopted the practice, nor account for why the 
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practice was abandoned. Such adoption patterns were encountered during the personal 

interviews, particularly in relation to FEC testing and cleaning paddocks. The latter practice 

was particularly used and temporarily abandoned depending on seasonal conditions. 

Adoption of an innovation, should not therefore be seen as a race, but be assessed 

according to specific variables that may affect uptake – such as seasonal variations, market 

forces and relevant social norms. 

Hence, rather than seeking to impose solutions that do not necessarily match different 

management styles and considering early adoption as a sure success of the innovation or 

marketing strategy, the research, development and extension industries should be looking 

more critically at the management approaches in place and seek to investigate how their 

innovations or new knowledge can be incorporated into these approaches. No innovation 

will ever be completely adopted (unless mandated by legislation or other means of 

enforcement), since people are inherently variable and many have, in the language of 

personal construct theory, ‘impermeable constructs’ that will not be breached, no matter 

what the argument or reasoning presented (see Chapter 2 for a discussion of personal 

construct theory).  

The most effective approach therefore is to attempt to understand management approaches, 

potentially through the use of key indicators as suggested here, and to work closely with 

producers to investigate ways to integrate new ideas and products into current systems, 

where possible, and to acknowledge and appreciate the various valid reasons producers have 

for either not adopting or being uncertain about new knowledge and innovations.  

As stated earlier in this thesis, it is my contention that uncertainty (lack of knowledge) plays 

an important part in the decision-making process, and impacts directly on the assignment of 

risk by producers. Certainly, people have various capacities for risk (a dispositional aspect), 
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but these capacities for risk are fundamentally based on their beliefs – in both self and 

outside sources of information - that are used to reduce uncertainty and assign risk (see 

chapter 8 for a discussion of the impact of uncertainty on the decision-making process). The 

potential links between certainty/uncertainty and a sense of control were explored in 

Chapter 8 and section 9.2 above. 
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10.1 Introduction 

As discussed in Chapters 2, 3 and 5, from the sources available at the time this thesis 

commenced there appears to have been very little research into the of extension for 

complex, integrated farm management systems such as integrated parasite management 

(IPM) (Gladwin in McLeish et al. 2001, p. 109). Much of the literature in the area relates to 

projects for specific parasites – namely lice and blowflies (Armstrong et al. 2001). The 

success of adoption for these projects has not been fully evaluated. There is some recent 

literature for the extension of integrated weed management in Australia (Llewellyn et al. 

2007), and also for tropical fruit tree growers in Thailand (Elsey & Sirichoti 2001), and these 

will be discussed below. More specifically, since the Integrated Parasite Management in sheep 

(IPM-s) project is the first major project of its kind in Australia, there is in particular very 

little research into the extension of integrated parasite management for sheep in this 

country. This study represents the first attempt to investigate producer perceptions about 
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IPM-s in Australia and in particular, to examine the IPM-s knowledge, skills and practices 

(KSPs) that producers are most likely to have problems adopting.  

The IPM-s project, like much of the literature on integrated management approaches, arose 

out of nearly two decades of research into parasitic resistance to the chemicals currently 

used for parasite control. As such, the project has not been producer driven (i.e. it has 

arisen based on scientific concerns for the most part), and there are producers who are not 

convinced that resistance is a problem on their property. Further, there are also producers 

who believe that new chemicals will be found to replace those that are failing, and hence, 

believe there is no imperative to adopt new management practices. The latter optimism by 

producers regarding the development of new chemicals, is an adoption issue noted also by 

Llewellyn et al. (2007) in their research of integrated weed management. Both these 

perceptions of the chemicals issue are broad impediments to adoption of an IPM approach 

for sheep parasite management.  

Notwithstanding these broad perceptions, for those producers who accept there is a 

problem and are interested in or willing to implement change, there is likely to be resistance 

to the adoption of some components of the IPM approach at an individual level. A large part 

of this study has been focused on attempting to ascertain which knowledge, skills or 

practices (KSPs) are likely to be problematic with regards to the successful and large-scale 

adoption of IPM by Australian sheep producers. This includes examining the reasons why 

certain KSPs may prove problematic. The results of this study indicate that there are several 

key reasons why producers may not adopt certain knowledge, skills or practices related to 

worm management specifically. These reasons are listed below. 

• Uncertainty. About the impacts and benefits of KSPs, as well as a general lack of 

knowledge about how they work or how they are implemented – and even whether 
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or not they are appropriate for the property. In this situation, the producer would 

seek out more information from his/her preferred information sources. The learning 

and knowledge preferences of the producer become especially important at this point. 

• Sense of control and comfort. Does, or will, the KSPs provide the producer with a 

sense of control over their management of the parasite and are they comfortable using 

it? This sense of control and comfort is likely to be embedded in what the producer 

knows about the KSPs and how they currently manage parasites on their property. 

Personal constructs (how does the producer anticipate the future?) are a key feature 

of this point, as they are for the one below. 

• Self-identity. The view the producer has of him or herself as a person and as a sheep 

producer impacts on their management approach or style. This is reflected in the 

current set of KSPs utilized by the producer and may be manifested verbally by the 

way in which the producer refers to these skills. Such references might include terms 

such as ‘stockmanship’ or ‘professional’ etc. Key indicators of parasite management 

style are identifiable that may provide some insight into the producer’s broad 

perception of self as a sheep producer that could be useful for extension purposes and 

for the design and development of research into other agricultural innovations. 

This chapter will discuss the three reasons outlined above based on the results arising from 

this study, and will interpret these reasons in the context of the three major themes 

previously outlined in Chapter 5.  Each theme is examined following a structure that will 

detail the contributions made in the areas of methodology, IPM-s, IP(pest)M and finally, 

agricultural extension in general, where each of these is applicable. 

The three themes outlined in Chapter 5 relate to various stages of the research, 

development and extension of agricultural innovations and are listed below. 
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• Are there differences between the knowledge, expectations and research approaches 

held by researchers and producers respectively in the context of IPM that have not 

been adequately addressed through current agricultural extension research? 

Specifically, can the differences in approaches be identified, and do these differences 

correspond with what current theory about IPM and agricultural extension research 

would suggest?  

• The roles of risk and uncertainty in the decision-making process of producers and how 

these may differ from the assumptions of current logical choice decision making 

models used in the context of agricultural adoption and IPM specifically. How can the 

use of a research approach such as personal construct theory and the repertory grid 

be used to understand producers’ decision-making processes and suggest better ways 

to approach producer decision making for the purposes of IPM?  

• Although the idea of formalised farming styles in the Australian context may have been 

abandoned by researchers such as Vanclay and co-authors, is the reasoning for this 

abandonment relevant to sheep producers’ situation with regards to integrated 

parasite management? Further, are there broad indicators of farm management 

approaches that can be identified and used effectively to aid in the better appreciation 

for why producers don’t adopt innovations, and further to aid extension officers to 

more effectively promote innovations to accommodate different farm management 

approaches and knowledge preferences? 

As indicated above, the following sections will address the above themes and detail the 

conclusions reached, as well as outlining the evidence supporting these conclusions. Section 

10.2 will examine the issue of the divergence between researcher and producer approaches 

to parasite management and knowledge and outline problems that were encountered during 
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the study as well as contributions this study makes to methodology, IPM and agricultural 

extension in general. Section 10.3 will outline how this study has contributed to a better 

understanding of sheep producer decision-making in the context of IPM, while also detailing 

study issues and contributions made to the field of methodology, IPM and agricultural 

extension. In section 10.4, the concept of indicators of parasite management approaches or 

styles is addressed, with study problems and contributions to the field detailed also.  

10.2 Researchers and Producers: Different Perspectives? 

10.2.1 Introduction 

Traditional models of extension have employed a top-down approach where scientific 

knowledge has dominated both the development of research questions and the development 

of solutions. As described in chapters 2 and 5, modern extension is moving towards a 

greater acknowledgement of the validity and value of producer knowledge. Concurrent with 

this acknowledgement of the validity of producer knowledge is recognition that producers 

should be to involved more actively, and meaningfully, in the research and development 

process (Crawford et al. 2007; Flora 1992; Ison & Ampt 1992; Ison & Russell 2000; 

Kloppenburg 1991; Lees et al. 2006; Marsh & Pannell 2000b; Pannell 1997; Pannell et al. 2006; 

Röling 1996). Despite trends in this direction, there yet remains the issue of the different 

knowledge bases and approaches to problems that are brought to research, development 

and extension by researchers and producers. For the most part each group possesses a 

different approach to, and preferences for, knowledge, on-farm problems, and the form and 

delivery of research. Researchers and producers are essentially working from different 

paradigms and this has and will continue to cause tension between the two groups until each 

gains a better understanding of, and appreciation for, the other, or some other form of 

intermediary is employed (Kelly 2001; Lees et al. 2006).  
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An example in this study of the divide between researchers and producers can be found in 

the way producers referred to researchers and other experts during the focus groups and 

interviews. It was evident from comments made by producers that there is some mistrust of 

science and scientists (see chapter 8). Producers frequently referred to scientists 

disparagingly as ‘gurus’ and complained that these gurus had no practical understanding of 

how a farm works. Empirical evidence, other than comments made during the focus groups 

and interviews, underpinning this idea of mistrust, is the analysis of the producers’ constructs 

and factors for consideration in adopting new practices (Chapter 9). An analysis of these 

constructs and factors for consideration highlights, for example, the importance of sources 

of information to producers, and in particular, the tendency for producers’ reliance on self 

or employees for valid information. This result was evident in the Benchmark Survey analysis 

also where a majority (76 per cent) of respondents indicated they self-advise (or use on-

farm staff) for worm management rather than consulting a professional. Effective 

communication is a key aspect to this situation of mistrust, which could be improved by a 

better understanding of the differing approaches taken by producers and researchers. Similar 

investigations have been attempted in workplace education, where the divide between 

expert and novice approaches to knowledge has been identified and investigated using 

cognitive psychology (Billet 2001). Wynne (1989) also noted that mistrust of experts was a 

factor inhibiting communication between producers’ and government officials and scientists 

in Cumbria. Wynne’s (1989) study in Cumbria also highlighted the importance of 

communication to establishing and maintaining trust between the scientists/government 

experts and farmers. Trust and communication are strongly linked, iterative aspects of the 

one issue. 
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10.2.2 Critique of, and contribution to, Methodology 

As detailed in Chapter 6, a triangulated methodological approach was taken to data-

gathering specifically to investigate researcher and producer knowledge differences, including 

a Delphi process with the IPM-s researchers, and producer focus groups in Victoria and the 

New England region of NSW (see Chapter 9 for analyses). The 2004 Benchmark Survey 

(Reeve & Thompson 2005) also provides further empirical evidence supportive of the 

conclusions reached from the comparative data, as do the personal interviews conducted 

with sheep producers in Victoria and the New England region of NSW.  The primary source 

of comparative data however stems from the Delphi process conducted with the IPM-s 

research team, and the focus groups with sheep producers. The latter involved direct 

comment by the producers on the knowledge items detailed by the researchers.  

10.2.2.1 THE DELPHI PROCESS 

The Delphi process worked well with the researchers, as it did not require much of their 

time since it was conducted entirely via e-mail. Researchers were able to complete the 

various stages at their leisure (but within the set time frame!) and the process mostly 

required them to nominate lists of knowledge items, skills and practices that they expected 

producers undertaking an IPM-s program would have or should have. Researchers were also 

asked to categorize the items as either a skill, a practice or a knowledge item after the initial 

compilation of the list. The researchers seemed to have very little problem with the process 

and actively commented on any changes they thought would be appropriate for the list – 

indicating a certain level of interest and attention being paid to the process. I am satisfied 

that the process reached the goal set for it – which was to ascertain the researchers’ 

expectation of sheep producers and the knowledge, skills and practices (KSPs) they would 

need to implement an IPM-s approach on their property. 
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10.2.2.2 PRODUCER FOCUS GROUPS 

The focus groups with sheep producers were also successful in gathering both lists of 

knowledge, skills, and practices producers used, or knew were needed, for parasite 

management. This process also enabled the gathering of comparative information relating to 

the researchers’ expectations, as producers were able to review the condensed list created 

through the Delphi process and comment on the content. Finally, the process allowed a 

comparison of the knowledge approaches taken by researchers and producers through a 

categorization and analysis of the types of knowledge, skills and practices each group 

mentioned. 

In terms of the organization and conduct of the focus groups themselves, there were some 

issues related to materials used, however this was overcome after the first focus group 

when it was decided to use a computer and projector system rather than paper and pens to 

record producers’ KSP lists. This use of technology was welcomed by the producers and did 

not in any way hinder the focus groups – it was less distracting than having paper fall off 

walls and focus groups leaders struggling to arrange notes manually. Another initial problem 

with the focus group was the length and number of tasks requiring completion. Again, 

following the first focus group, the order of proceedings was modified and the data gathering 

tasks further prioritised in order to ensure data of greatest interest and complexity was 

collected first. Finally, although the focus groups in Victoria were well attended as these 

were conducted in conjunction with already established BestWool groups, the Glen Innes 

group was not as well attended as could be hoped for –this was due mostly due to the stock 

sales that were on at the time. Despite this, participants in this group were diverse (in age, 

experience and operation type) and valuable information was still obtained, as the 

participants were eager to participate. The Walcha group was well attended – with greater 

care taken here to avoid sale and other demonstration days.  
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10.2.2.3 SUMMARY 

In summary, I do not believe that there were any problematic issues arising from the focus 

group methodology. The methods seemed to suit both the participants and myself, and, 

based on the level and quality of participation, it would appear that the selected methods 

were effective.  

It is not clear from relevant literature whether or not researchers have typically been 

surveyed regarding their expectations of producers in relation to agricultural research 

projects. Certainly, this has not previously occurred in the context of an integrated parasite 

management program for sheep or other livestock in Australia. The empirical material 

provided by this exercise is, I believe, a valuable contribution to the improved understanding 

of researcher’s expectation of the KSPs required for implementing an IPM management 

strategy. The Delphi method appears to have been an effective approach – especially given 

the time constraints faced by the researchers, and the geographical distances between the 

IPM-s research teams, and between the researchers and myself. Where time and distances 

are not issues, the method could be improved by a third focus group component being 

undertaken with the researchers participating in the Delphi process.  

10.2.3 Empirical & Theoretical Contributions to Agricultural Extension 

10.2.3.1 CONTRIBUTIONS SPECIFIC TO IPM-S 

Chapter 7 outlined the different types of knowledge typically described for the purposes of 

workplace classification systems, including conceptual, procedural and dispositional. This 

understanding of knowledge types was considered relevant based on the importance of 

information to extension and adoption rates found by other researchers in the field 

(Kilpatrick 1996; Kilpatrick 2000; Kilpatrick & Johns 2003; Kilpatrick & Millar 2006; Kilpatrick 

& Rosenblatt 1998; Kilpatrick & Williamson 1996; Llewellyn et al. 2007; Wynne 1989). As 

indicated in Chapter 6, although producers’ preferred sources of information have been 
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studied, there has been little research into the knowledge types they prefer or place most 

credence in. The typology of knowledge used was from workplace education, which as 

previously indicated in this thesis, is highly relevant to farm management due to the hands-on 

nature of the work undertaken. The typology is re-explained below for ease of 

understanding. 

Conceptual knowledge includes facts, assertions, propositions and concepts. Deeper levels 

of conceptual knowledge allow people to problem-solve in the face of new situations and to 

monitor and measure their progress and the effectiveness of their response (Billet 2001). 

Procedural knowledge includes techniques, skills and more practical knowledge that allows 

the attainment of goals or tasks (Billet 2001; Stevenson 1994). It also allows monitoring and 

the development of strategic approaches in the face of new situations or tasks at the higher 

levels. Dispositional knowledge refers to personality characteristics and what an individual 

has the ability and willingness to undertake. Whilst we tend to use all three types, most 

people have a preference for learning and using either procedural or conceptual depending 

on how they organise and use knowledge (Billet 2001). 

The Delphi process undertaken with the IPM-s researchers and the focus groups with sheep 

producers in Victoria and the New England allowed a comparison between the different 

types of knowledge nominated by the two groups as being important to parasite 

management in sheep. Not unexpectedly, researchers beliefs about the knowledge required, 

focused mainly on conceptual knowledge items (representing about 49 per cent of all 

knowledge and practice items elicited), while producers clearly believed procedural 

knowledge was required (nearly 80 per cent of all knowledge items mentioned). Researchers 

were also relatively likely however to also mention procedural knowledge to varying degrees 

(representing about 40 per cent of knowledge items mentioned), whereas producers were 

largely unlikely to mention conceptual knowledge (representing only 18 per cent of 
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knowledge items mentioned). The IPM-s researchers were also more likely to mention 

dispositional aspects as being important to worm management.  

It can be argued that there is a clear indication from these results that researchers and 

producers approach parasite management differently as regards the categorization of 

knowledge as defined by workplace education theory. This is determined somewhat by their 

occupational imperatives – one being research founded in conceptual knowledge; the other 

founded on practicality and action. Researchers are to some extent products of their 

education, and hence more focused on the theory, facts and ideas relating to parasite 

management. Independent of the type of approach being researched, scientists, by virtue of 

their academic training, are highly likely to encourage producers to have an understanding of 

the theoretical reasons behind undertaking a particular approach or using a specific tool for 

management (Crawford et al. 2007; Millar & Curtis 1999).  

Notwithstanding this tendency, this focus on conceptual knowledge is particularly relevant to 

the IPM-s and IPM approaches. By definition, these approaches to management require 

strategic and long-term monitoring and response to feedback – they are iterative systems 

and, if they are to implement these approaches successfully, producers need to be able to 

understand and interpret the results of their monitoring activities, as well as devise 

strategies to cope with the results. They need, as suggested by Kilpatrick and Johns, to 

become more professional in their management, more flexible and to possess a “higher level 

of skills” (Kilpatrick & Johns 2003, p. 151) than is typically required for following a 

chemically-reliant system of parasite management.  

Millar and Curtis (1999) have also suggested that the relationship between local knowledge 

and scientific knowledge requires further investigation. However, their study was focused 

primarily on investigating producers’ use of a diversity of knowledge types. This is a theme 
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also taken up by Agrawal (1995), who rejected suggestions made by some authors that “local 

knowledge could be distinguished from Western or scientific knowledge” (Millar & Curtis 

1999, p. 390).  Millar and Curtis (1999) argue that knowledge is socially constructed and 

maintain that “knowledge is a continuum where local and scientific knowledge are in 

constant interplay, rather than contrasting or opposing knowledge systems” (Millar & Curtis 

1999, p. 390). Unfortunately, Millar and Curtis (1999) do not define what they understand 

‘scientific’ or ‘local knowledge’ to mean. 

If they mean by ‘local knowledge’, knowledge that originates from farmer experience, and by 

‘scientific knowledge’, knowledge that originates from scientific investigation, then it is 

difficult to see how there could be a continuum of knowledge origins.  If however, Millar and 

Curtis mean by ‘local knowledge’ the aggregate of knowledge among farmers in a locality, 

then it is quite possible that this aggregate might contain both items of local origin and of 

scientific origin. There could indeed be interplay between the two as farmers adapt to their 

own situation new practices arising from scientific investigation. Also, it would be possible to 

place particular farmers on a continuum that ranged from, for example, farmers with tertiary 

education whose management was based largely on scientific understanding, through to 

farmers with little interest in education whose management was based largely on local 

tradition. 

The debate referred to above is slightly different in direction from what this research sought 

to investigate. Rather than arguing for or against knowledge as a continuum, or attempting 

to identify and justify the differences between scientific and local knowledge, I have 

attempted in this study to investigate if there are indeed differences between the way 

researchers (scientists) and producers approach knowledge. The findings of this research 

suggest there are.  
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It can be argued that these findings provide support for the position advocated by Millar and 

Curtis, provided two conditions are met. The first is that the second of the two suggested 

meanings for ‘local knowledge’ above is accepted, viz. local knowledge is the aggregate of 

farmer knowledge in a locality. The second is that there exist some tertiary-educated and 

well-informed farmers who are as well acquainted with the scientific understanding behind 

farm management as are the researchers themselves. If these conditions are met then the 

findings have defined two points on Millar and Curtis’s (1999) continuum – that associated 

with tertiary-educated, well-informed farmers (or researchers), and that associated with the 

local farmers who were included in the focus groups. 

It can also be noted that the basic idea behind personal construct theory, that of the person 

as ‘scientist’ conducting their own experiments in everyday life, transforms the nature of the 

distinction between scientific and local knowledge that has been criticised by Agrawal (1995) 

and Millar and Curtis (1999) and others. The distinction becomes one between inquiry 

grounded in formal science and technology, and inquiry grounded in everyday experience.  

Furthermore, with the categories of knowledge in workplace learning theory – conceptual, 

procedural and dispositional – the distinction recedes further into the background. This can 

only be beneficial for extension based on a learning partnership approach where knowledge 

originating in formal scientific inquiry and that originating from local experience are afforded 

equal legitimacy. The benefit of this approach is that it can help to more appropriately 

contextualise, and represent knowledge to producers, rather than challenging their self-

identity, or even self-esteem (being told your knowledge is worthless because it is 

‘unscientific’ would affect the self-esteem of anyone). 

10.2.3.2 KNOWLEDGE PREFERENCES & CURRENT APPROACHES TO ADOPTION & EXTENSION 

Kilpatrick and her co-authors have recognized the relationship between workplace 

education theory and practice. However, the majority of research into producer knowledge, 
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education and learning focuses on other areas of adult education theory such as action 

learning and action research, with a particular orientation towards how to encourage farmer 

participation in extension activities (and especially group activities), and in some cases, in 

various phases of research and development projects (Fulton et al. 2003). As noted by 

Jennings (2005) however, much of this participation has not fully involved producers at the 

critical phase of agenda setting for the research and development, rather involvement of 

producers tends to arise from “add-on extension work” (p. 17). Further, producer 

participation may occur through the use of farms as “research instruments” (p. 17), however 

this again, according to Jennings, involves researchers doing something to or for producers 

which they have had no real opportunity to guide.  

Whilst there is much truth in Jennings’ observations and her criticisms of the sometimes, 

token, way producers are involved in research, there is the tendency to be too idealistic 

about the reality of allowing producers to guide all aspects of research in agriculture. As 

pointed out by Vanclay (Vanclay & Lawrence 1993), many of the complex issues in 

agriculture, especially as they relate to natural resource management, but also including IPM, 

are imperceptible and insidious in nature. Vanclay, who also supports meaningful farmer 

involvement in agricultural research and extension, suggests more pragmatically that the 

agricultural industry needs to adopt a Dutch concept mentioned in Chapter 2 of this thesis, 

called Voorlichting (knowledge acquired through study or experience or instruction). Within 

this idea of Voorliching, researchers act as ‘a guiding light’ to direct research, but farmers are 

encouraged to be involved meaningfully and to engage in their own learning. 

Group extension methods, including action learning and action research (alternatively 

referred to as ‘community-based action research’ (Stringer 1999)), have received a lot of 

attention from extension researchers in Australia, particularly those examining farmer 

education and learning (Fulton et al. 2003; Kilpatrick & Johns 2003; Kilpatrick & Rosenblatt 
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1998). The increase in the use of action research and various group-type projects was 

precipitated in particular by a report by Woods et al. (1993) recommending the use of group 

learning models for agricultural extension in order to improve adoption rates (Fulton et al. 

2003).  

A report into Australia’s research and development corporations (RDC) by Keen and 

Stocklmayer (1999), also found that there was a need for a more participative research 

framework needed, wherein the RDCs’ research projects should develop partnerships with 

key stakeholders with involvement occurring at all phases of project research, development 

and extension. Their report also noted that research and development corporations had 

two main approaches to communication. These include “one which is centralised and highly 

dependent on the expertise of Communication Managers, and one which is decentralised 

and more dependent on the skills of the scientists involved” (Keen & Stocklmayer 1999, p. 

xi). Keen and Stocklmayer (1999) point out however that most of the RDC projects have 

not been evaluated so the effectiveness of the communication strategies is unknown. The 

authors maintain that these partnerships need to be based on a flexible communication 

strategy and have available a ‘toolkit’ that: 

 ... must be used to integrate messages which are directly linked to the end-users’ 
concerns; otherwise messages run the risk of being ‘filtered out’ in the individuals’ 
attempts to cope in an information age.  To get past filters which are being 
constructed mentally and physically, RDCs will have to have a sound 
understanding of their target audiences, often referred to as a socio-economic 
profile. 

(Keen & Stocklmayer 1999, p. 7) 

This view mirrors the perspective taken in this study, where some responsibility for the 

adoption of agricultural innovations can be borne by researchers and funding bodies by 

ensuring that the research questions investigated and the resultant innovations actually 

address the perceived needs of producers. Further, the resulting solutions to research 

problems should be successfully integrated into the various approaches to farming that 
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producers have. I would suggest however that the understanding of the target audience 

mentioned by Keen and Stocklmayer (1999) requires more than just a socio-economic 

profile, and it could be argued that the results of this study have indicated more attention 

needs to by paid to a socio-cultural, psychological and learning profile.  

The adoption of innovations (whether knowledge, skills or practices) is not simply about 

having the right attitude, or the capability for implementation. This study has shown that a 

number of highly personal and individual psychological attributes of the producer (personal 

constructs) play an important role in adoption; and that these attributes are influenced by 

social and cultural factors (such as self-perception as a producer). Further, with specific 

relevance to the theme of this section, the knowledge preferences of producers have an 

impact on they way in which they perceive and use knowledge, skills or practices. 

It is at the level of approaches to knowledge that the differences between researchers and 

producers become most relevant in the context of both IPM-s and extension in general. This 

is a point acknowledged by Synapse Consulting (1998), Kilpatrick (Kilpatrick 1996; Kilpatrick 

2000; Kilpatrick & Johns 2003; Kilpatrick & Rosenblatt 1998) and others, who have shown 

that at the training level, teachers and students (the producers in this context), have 

divergent views of what training is needed. With farmers preferring production-oriented 

training, and teachers and other agricultural professionals highlighting financial and risk 

management, marketing and communication skills as priorities (Kilpatrick 1996; Kilpatrick 

2000; Kilpatrick & Johns 2003; Kilpatrick & Rosenblatt 1998; Synapse Consulting Pty Ltd 

1998). This is symptomatic of the traditional focus of agricultural economic decision analysis 

models, which investigate socio-economic factors in terms of risk and subjective utility. 

A report by Synapse Consulting (1998) to the Rural Industries Research and Development 

Corporation concluded that more farmers need to be encouraged to undertake post-school 
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qualifications in order to improve qualifications in the agricultural sector. This was viewed as 

particularly necessary since the farming sector has historically, and continues, to lag behind 

the urban Australian population in the attainment of post-school qualifications – and 

especially in management qualifications (Synapse Consulting Pty Ltd 1998). Research has 

found that farmers undertaking education and training, both formal and informal, achieve 

superior production and profit outcomes, and are better able to cope with change 

(Kilpatrick 2000; Synapse Consulting Pty Ltd 1998). In order to accommodate the changes 

that may be needed to cope with increasing parasitic resistance to chemicals, it would seem 

that the issue of further education about IPM is a pressing issue for Australian wool 

producers. This need for change and further learning, can be extended to other aspects of 

farming, and other industries, that require the implementation of IPM approaches, or other 

complex management approaches – such as might be required for natural resource 

management issues. 

IPM-s and other agricultural research and development teams need to not only involve 

producers more meaningfully in devising research questions and their solutions, but they 

also need to better acknowledge, investigate and incorporate producer knowledge into the 

research and development process (Crawford et al. 2007; Fulton et al. 2003; Jennings 2005; 

Keen & Stocklmayer 1999). Furthermore, greater sensitivity about the producer preference 

for procedural knowledge (or deeply held belief in the value of procedural knowledge) is 

required within an extension and adoption context in order to move away from extension 

models that use emotive labels to describe farmer learning approaches and abilities e.g. 

Rogers ‘Innovators’ and ‘Laggards’. Such models do not accurately reflect the reasons behind 

farmer adoption decisions. These extension models also do little to reflect the types of 

knowledge producers find appropriate and relevant.  
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The promotion by some extension researchers (Pannell et al. 2006) of field trials is a good 

example of the type of extension approach that producers are likely to find useful due to the 

practical and situation appropriateness of the approach. Crawford et al. (2007) have studied 

the different varieties of trial systems used by researchers within the context of ‘learning 

partnerships’ between researchers and producers addressing complex problems. These 

authors concluded that the use of a commercially operating farm is likely to produce results 

considered more relevant by producers in the local area (Crawford et al. 2007). In this way, 

these commercially operating farms could become potential trusted intermediaries for the 

extension of programs to other producers in their region. Under the learning partnerships 

concept, Crawford et al. propose that  

...the conditions for effective learning partnerships involve the active negotiation of 
learning roles between farmers, researchers and advisors. This requires a unique 
form of facilitation to support the learning environment and the use of learning 
tools, assisting project teams to act on complex issues. 

(Crawford et al. 2007, p. 191) 

In light of the results of this study, which emphasize the potential existence of knowledge 

and learning barriers between researchers and producers, it seems that the approach 

suggested by Crawford et al. (2007) is one way to help overcome issues of understanding 

between the two groups. It can also help to bring them closer to a better appreciation of 

each other’s approaches. Particularly in the case of researchers, the approach may lead to a 

better understanding of on farm problems and the more informed development of the 

problems requiring solutions – and the types of solutions that are appropriate. This is the 

aim for example of such projects as Profitable Pastures Project in the dairy industry, which is 

a practical example of an Action Research approach to research and extension (Jennings 

2005).  

Whilst it is acknowledged that most research and funding bodies have producers sitting on 

their boards or research teams, and many might consider this adequate producer 
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participation at the research agenda setting phase, the type of producer most likely to be 

found in such a position may not be representative of the broader population of producers 

(Vanclay & Lawrence 1993).  This issue with ‘elitism’ has also been recognized to have 

occurred in extension and farmer programs using a participatory, group, approach, such as 

Landcare (Carr 1995). As acknowledged by some proponents of Rogers’ adopter 

categorizations (Barnett 2007; Sneddon & Barnett 2006), there is a chasm between those 

producers who might, under his typology, be described as ‘innovators’, and those 

represented in the early to late majority and the so-called ‘laggards’ (Rogers 2003). The 

chasm in the model is a result of the acknowledgement that ‘innovators’ may not be the best 

candidates for promoting or actively ‘diffusing’ innovations to other producers. Innovators, 

are unlikely to represent, for example, trusted intermediaries in a farming community, as 

they may be too far removed from this community due to their ‘innovativeness’ and the 

characteristics that accompany this category according to Roger’s (2003) generalizations. 

The involvement of demonstration farms in the IPM-s project is one area in which the 

project has achieved the goal of a rapprochement and increased understanding between 

producers and researchers. Having demonstration farms, rather than just field trials on a 

research station, has allowed the IPM-s researchers to provide real, commercial farm 

examples of how the system can work in each of the major Australian sheep production 

regions, as well as develop a partnership with the producers involved. Hence, producers in 

each of these regions can assess the value of the project in a context that is more relevant 

to their own farming system rather than having to imagine how the system might work on 

their own farm. Based on comments made by both IPM-s producers and researchers at 

various meetings and workshops conducted throughout the three-year IMP-s project, both 

parties are in general satisfied with the improved understanding of parasite management of 

sheep from a research and a farm perspective.  
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There is a need for some caution however regarding the use demonstration farms or the 

development of other partnerships. This caution relates to the withdrawal of the support 

producers have received from the organizations and researchers involved in helping with the 

implementation of IPM-s (or any other project) on their farm. The involvement of 

commercial farms is one aspect of the approach that needs to be addressed with caution, so 

that producers do not feel used and then abandoned when projects wind up. Whilst short 

time spans are suitable to funding bodies and research projects, in terms of extension to real 

commercial farms, they do not always allow for the time needed for producers to fully 

understand and benefit from the program. The use of commercial farms in research projects 

needs to be sensitive to the issue of farmers feeling disenchanted with research projects, and 

their funding agencies and researchers, if they are left unsupported immediately after a 

project ends. Such a situation is likely to cause mistrust of the funding agency, the 

researchers and other parties associated with the project. This mistrust would likely be 

conveyed to other producers in the region via the relevant social network, thereby having 

an impact broader than the farm directly involved in the project. Such an outcome would 

not be conducive to the involvement of other farms by different research projects – even 

where these include different researchers and funding agencies. 

10.2.3.2.1 The problem of conceptual knowledge:  implications for producer learning & 
adoption  

A model of knowledge representation that is potentially highly relevant to agricultural 

extension, research and development can be found in the field of workplace learning theory 

(Billet 2001; Kilpatrick & Johns 2003). The workplace learning framework was used to frame 

the analysis of this study. This framework contextualizes adoption as an outcome that occurs 

after the innovation, and extension of the innovation, have met the specific skills, practices 

and knowledge requirements of producers. This removes some of the responsibility for 
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adoption from producers and shifts aspects of it back onto those developing the questions 

and solutions for agricultural problems.  

Some extension and adoption research over the last decade or more has suggested that it is 

more realistic to try to understand adoption within the context of the learning approaches 

and types of knowledge used by both producers and researchers in order to better frame 

research questions and their solutions (Flora 1992; Kilpatrick & Johns 2003; Kloppenburg 

1991). An extensive survey of producers in the context of farm business management 

training conducted by Kilpatrick in 1996, highlighted in particular that not only does 

education and training make producers better able to cope with change, but also that those 

engaged in formal and informal learning are more profitable (Kilpatrick 1996; Kilpatrick 

2000; Kilpatrick & Johns 2003). Another conclusion made by Kilpatrick in her 1996 study 

(which had a predominant focus on business management training), is that while: 

‘experts’ believed farmers should be participating in training about management 
and marketing, while few farmers planned to attend training in these areas. 

(Kilpatrick & Johns 2003, p. 152) 

This conclusion comes as no surprise given the results from this study, which clearly indicate 

that producers have a belief that procedural knowledge is that most necessary for the 

practical applications of knowledge on the farm. With their focus on the more practical 

aspects of farming, results from this study suggest that producers have a tendency to dismiss 

the more conceptual aspects of issues such as worm management and how, for example, an 

understanding of the worm life cycle can influence management outcomes. During the 

interviews, some producers were adamant they did not need such conceptual knowledge, 

while others claimed to have a good understanding of such information already (and 

probably do have a basic understanding of worm epidemiology, e.g., warm wet weather 

means a potential explosion of the worm population). However, the major focus for most 

producers interviewed was on the practical aspects of worm management.  
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There are several aspects to the problem of encouraging producers to accept more 

conceptual knowledge relating to IPM-s tools and practices. These include: 

• habit or tradition, viz. a tendency for producers to manage or think in the same way 

their forbears did – because it worked then and seems still to be working; 

• reliance on chemicals reducing the need to understand some of the more conceptual 

aspects of sheep and parasite biology; and 

• lack of prior need for a more interactive and knowledge-based management system 

due to the success of chemicals. 

Habit or tradition, are indicated as a strong influence on producers, and this is exemplified 

by the focus many interviewees had on the importance of routine and planning for worm 

management, and drenching in particular (see Chapter 8). This focus on routine has resulted 

in some practices, such as drenching for worm management, occurring more for reasons of 

convenience than for necessity. Many producers indicated that they drench based on 

opportunity (also referred to as convenience) – but indicated further that these 

opportunities were planned and occurred at the same time every year in order to allow the 

combination of several labour-intensive tasks.  

Although efficiency is generally to be applauded, such a routine, whilst once perhaps 

representing the recommended time for drenching in a particular climatic region, has little 

place in a more complex, reflexive system such as integrated parasite management. Tradition 

is part of the fabric of any culture, but as stated by Ison and Russell : 

The risk for any culture is that a tradition can become a blind spot when it 
evolves into practice lacking any manner of critical reflection being connected to 
it. When a society stops looking back and no longer appraises the value of a set 
of practices it quickly becomes blind to the relevance of its origins, the 
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circumstances which were current at the time, and which it triggered the practice 
into existence. 

(Ison & Russell 2000, p. 1) 

This would certainly seem to be the situation for some practices implemented by sheep 

producers in the context of worm management. However, in order for an IPM-s system to 

be effective, sheep producers will need to implement a system based more on monitoring, 

responsiveness and critical reasoning than routine. There is greater need for flexibility in 

farm management under an IPM-s approach. This flexibility and responsiveness to ongoing 

system change involves the development of what Ison and Russell (2000) have referred to as 

a ‘second-order tradition’ in agricultural extension.  

A second order tradition is one in which the entity involved (whether an individual, a society 

or an organization) sees itself not as apart from a system (an observer), but as part of the 

system that has the capacity to revise and modify – have an impact – on the system (Ison & 

Russell 2000). The latter point about second-order traditions is directly related to the 

relationship between scientists and producers and extension, with Ison and Russel (2000) 

arguing that first order tradition in agricultural extension, such as many applications of 

Action Research, allows the scientist to remain outside the farming system as the main 

responsibility for learning is placed on the producer. Current Action Learning approaches 

require the researcher only to provide the information for learning, but not to participate in 

the learning process itself. Second-order tradition would require the scientists to be part of 

the learning system. Ison and Russell (2000) have labeled their second-order approach 

Systemic Action Research. The systemic action research approach bears some similarity to 

the Voorlichting concept suggested by Vanclay and others (Vanclay & Lawrence 1993), and 

the partnerships approach recommended by Keen and Shacklmayer (1999) for RDCs. Habit 

or tradition also play a part in the current reliance on chemicals, however there are also 
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other aspects affecting the acceptance of conceptual knowledge by producers related to this 

issue of chemical reliance. 

The second and third points above regarding reliance on chemicals reducing conceptual 

knowledge and the sense that there is no need for a different approach due to the success of 

chemicals are interrelated due obviously to the impact of chemicals on parasite management 

practices and knowledge. The introduction of pesticides and parasitides in the 1950’s has 

resulted today in a parasite management system based more on routine than understanding 

of the farming system – including parasite and sheep epidemiology (MacIntyre 1987) – this 

could also be though of as a ‘deskilling’ of the farmer.  

Ivan Illich (Illich et al. 1977) has written extensively about the deskilling of society and the 

devaluing of indigenous knowledge through the rise of ‘dominant (or disabling) professions’ 

(p. 11). Illich maintains that the rise of professions has resulted in a compartmentalisation of 

society wherein only professionals can prescribe what society needs and what the solution 

for these needs are within specific fields such as law, medicine and education. This is an 

accurate reflection not just of the rising dominance of chemicals in agriculture, but also of 

the dominance of the scientific knowledge over local agricultural knowledge and experience. 

In this way, producers’ knowledge is devalued in the face of professionals dictating 

producers’ needs and the solutions to these needs (in a similar way to a top-down extension 

approach). Wynne (1989) noted in his study of Cumbrian sheep producers that scientists 

providing post-Chernobyl advice showed a complete disregard for “local farming realities 

and neglected local knowledge” (p. 14), which Wynne refers to also as including “complex 

craft judgments”, which are part of “an informal but highly refined process of expert 

judgment” (p. 33). 
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Chemicals have been so successful up to this point as a single-solution to parasitism that 

producers have potentially lost some of the management (or ‘craft’) knowledge held prior to 

their introduction. With the increasing rate of resistance to drenches, however, producers 

are now being asked to move towards a more complex, integrated parasite management 

system founded on an understanding of biology, ecology and integrated systems 

management. Such a system requires more than just planning annual routine events, but 

requires instead a more complex, strategic approach based on sound conceptual knowledge 

of the parasite, sheep and property systems and allows the flexibility to respond to changes 

in the system identified through continual monitoring throughout the year – not just during 

expected trouble periods. This requires a re-skilling of sheep producers. This re-skilling 

however need not be based solely on intuitive ‘craft’ judgments, but will require the learning 

of new conceptual knowledge, so that management is informed rather than comprising 

mostly of guesswork or a reliance on habit or tradition. Having said that, there is a place for 

intuition in management, however, there is also a need for factual knowledge foundations to 

measure this intuition against. A producer can still be a ‘stockman’ using intuition if that 

intuition is backed up by sound conceptual knowledge. 

Based on the results of this study, whilst on the one hand suggesting that a focus on routines 

and a desire to combine labour-intensive tasks are potential barriers to an IPM-s system, I 

also suggest that there grounds of optimism for the success of an IPM-s system due to this 

familiarity with routine and the desire to plan. Results from analysis of producer knowledge 

preferences in Chapter 7 indicate producers’ belief in the utility of procedural knowledge of 

varying depths. Whilst lower levels of procedural knowledge involve relatively simple tasks 

and goals, higher-level procedural knowledge is related to strategies for achieving broader 

goals and tasks that are more complex. Most producers are already engaged in some level of 

higher-level procedural thinking, so the move towards more strategic planning in the context 

of IPM-sshould not be too large a hurdle for many producers when given appropriate tools, 
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and if provided with satisfactory reasoning about the need for such change. Previous studies 

have also shown that the characteristics farmers believe to be indicative of ‘good’ managers 

include flexibility, decision-making and the ability to plan and manage time (Bamberry et al. 

1997; Howden et al. 1998; Kilpatrick & Johns 2003). If this is indeed the case, then progress 

towards a more professional, integrated farm management system has already begun and 

requires further encouragement with a specific focus on worm and parasite management. 

10.2.3.2.2   Knowledge Beliefs & Trusted Intermediaries 

Despite the above criticisms of approaches to extension such as Action Learning/Research, I 

do not seek to undermine or discourage farmer participation in research, development or 

extension, nor adult education theories encouraging this. I do however seek to better 

understand the core differences between researchers and producers that may have an 

impact on the implementation and effectiveness of these theories. For the most part, it 

appears that approaches encouraging producer/researcher participation assume that 

interaction between researchers and producers is mainly impacted upon by creating 

opportunities for participation (or the lack of opportunities available). Alternatively, that 

producers’ inability to learn or be ‘rational’ is the main impact on adoption.  

Rather than focusing on creating opportunities or expecting producers to have certain 

intellectual or decision-making abilities, a more fundamental aspect of problems with bringing 

researchers and producers together to engage in effective dialogue, may be the divergence 

between the knowledge preferences of researchers and producers, and the impact of these 

preferences on research, development, extension and adoption. These differences can make 

communication awkward (or impossible) and result in one group not understanding the 

other due to their different approaches. Such fundamental differences require more than just 

opportunity for interaction or a savvy marketing campaign to bridge the gap. Some authors 

have suggested that better engagement between researchers and the broader farming 
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community could be facilitated through ‘local farm leaders’ (Synapse Consulting Pty Ltd 

1998) or ‘trusted intermediaries’ (Lees et al. 2006). A trusted intermediary is usually a 

farmer in a particular locality who has good standing amongst his or her peers, but is not so 

‘ahead of the pack’ that they fail to represent the majority of farmers.  

This approach of utilizing trusted local producers is one empirically supported by Wynne 

(1989) in his study of Cumbrian sheep producers following the Chernobyl nuclear reactor 

incident. In his study, Wynne found that scientists and the United Kingdom Ministry of 

Agriculture, Fisheries and Food (MAFF) were not trusted by most Cumbrian farmers (due in 

part to their actions and advice following the Chernobyl accident). However, local members 

of the MAFF managed to retain a certain level of trust due to their having been part of the 

local community for some time, as well as through their efforts to provide a buffer between 

the Cumbrian farmers and the scientific and bureaucratic orders and advice being made at 

the national level – most of which ignored local realities. As pointed out by Wynne with 

regards to scientists in particular: 

Abstract scientific knowledge may seem universal, but in the real world, it is 
always integrated with supplementary assumptions that render it culture-bound 
and parochial. The validity of this supplementary knowledge crucially affects the 
overall credibility of “science” or “experts.” Furthermore, the mode of 
communication itself conveys a set of tacit cultural and social assumptions or 
prescriptions. Efforts to communicate that ignore this fuller social dimension are 
likely to be ineffectual or even counterproductive. 

(Wynne 1989, p. 12) 

Research into the issue of trust in Australia’s rangelands conducted by Kelly (2001) has 

identified who it is that producers are least likely to trust, but this research has not 

addressed the issue of how this relates to the way in which producers differ in their 

approach to, and beliefs in the value of the different types of knowledge. Kelly’s (2001) 

research focused on perceptions of participation and power. Whilst she found that mistrust 

of government agencies was a barrier to producer participation in participatory land 
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management processes involving landholders, and she acknowledged the cultural aspect of 

this mistrust, her work did not specifically examine the different approaches to, and beliefs 

in, knowledge held by researchers and producers, which could have had an impact on trust 

between the parties. 

Lees et al. (2006) investigated the feasibility of identifying trusted intermediaries in farming 

communities who could aid with the promotion of sustainable land management practices by 

forming working groups of woolgrowers. The study, requested by the Land, Water & Wool 

(LWW) program; arose from a continued and noticeable decline in trust between wool 

producers and NRM agencies and their staff; as well as the continued small numbers of 

producers being aware of natural resource management programs such as LWW (Lees et al. 

2006). While Lees et al. (2006) indicated that it was possible to identify people suitable for 

fulfilling the role of trusted intermediary in their study areas, they cautioned that the process 

requires sensitivity to local concerns and controversies – past and present – and further 

requires long-term dedication to recruitment of the intermediary and members of the 

woolgrowers groups. Due to the mistrust of government agencies, it was recommended that 

trusted intermediary programs be as independent as possible, and, particularly in the context 

of NRM, not associated with State natural resource management or environmental agencies.  

Although their study did not investigate the expansion of the trusted intermediary program 

beyond the formation of an initial group, it was suggested that woolgrower groups could 

foster the development of more than one trusted intermediary where other producers 

showed interest in this role, and also that an evaluation process was required in order to 

identify emerging problems and member dissatisfaction.  Based on the study by Lees et al. 

(2006) and the general acceptance that producers are relatively wary of so-called ‘experts’, 

the trusted intermediary program is one that has potential merit in the context of IPM 

extension. This is particularly so because, like NRM, an IPM program is complex and involves 
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the application and understanding of integrated management approaches, rather than the 

application of a single solution. Having a trusted intermediary available who can help bridge 

the knowledge and experience differences between researchers and producers would be of 

benefit to the extension of the IPM-s program. Further, the IPM-s project potentially already 

has ready-made trusted intermediaries in the form of the demonstration farm owners and 

managers who have participated in the IPM-s project. Training would need to be offered, as 

occurred in the project by Lees et al. (2006), to ensure these producers are equipped to 

deal with the role and suitable candidates for the position.  

10.2.3.3 DISPOSITIONAL KNOWLEDGE ITEMS: INTERPRETATION AND IMPLICATIONS 

As indicated in section 10.2.3, researchers nominated several characteristics of producers 

that were categorized as being ‘dispositional’ rather than conceptual or procedural. 

Producers on the other hand nominated only one or two dispositional characteristics. One 

reason for the researcher’s larger focus on disposition could be due to the traditional,  

approaches to extension to assume that non-adoption is due, to some extent, to a deficiency 

on the part of the producer (I refer the reader back to chapter 2 for a discussion about 

traditional extension).  

Such deficiencies might include for instance perceptions of producers as being ‘pig headed’, 

‘thick’ and/or as having a general attitude of recalcitrance or risk aversion. Rogers’ (2003) 

typology of producers, for instance, stereotypes farmers (or adopter categories as referred 

to by Rogers) along a scale of their being ‘innovative’ to being a ‘laggard’. These stereotypes 

are based on generalizations made about producers’ socioeconomic characteristics (e.g. age, 

literacy levels, social status and mobility, property size); personality variables (e.g. 

intelligence, ability to think abstractly, empathy, attitude towards science, rationality); and 

communication behaviour (e.g. contact with change agents, exposure to mass media, desire 

to seek out information, degree of opinion leadership) (Rogers 2003). Most of the producers 
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I interviewed would tend to think of themselves as good managers capable of practical and 

personally sensible and relevant decisions, regardless of opinions about their intelligence, 

social status etc. Whilst some of the characteristics mentioned by Roger’s may impact on 

adoption decisions, I would argue that there are other, more fundamental aspects of 

producer’s personalities, worldviews, knowledge beliefs and socio-cultural experiences that 

impact on adoption. 

In contrast to the generalizations listed by Rogers (2003), and those mentioned also by the 

researchers (see chapter 7), the major characteristics that producers tended to use, to 

characterize themselves or other producers, was the practice of planning ahead rather than 

‘flying by the seat of your pants’. The second most important characteristic was that related 

to being informed about what is happening on the farm. This latter point is related to the 

sense of ‘stockmanship’ already mentioned. Stockmanship, in this context, typically refers to 

the ability of a producer to use experience and visual assessment in order to manage their 

sheep successfully e.g. to be ‘good with sheep’. The two characteristics indicate the tendency 

of producers to think at a practical level rather than the detailed components of Rogers’ 

generalisations. For instance, a person may have any level of social status, and be of any level 

of intelligence, but if, in the end, they cannot plan ahead or remain informed about what’s 

happening on their farm, then they will not be ‘good managers’. Subsequently, from a 

producer’s perspective, regardless of social status or intelligence, if an innovation does not 

allow for, or fit in, with the producer’s planning; or allow them to stay informed of 

happenings on their property, then the innovation will likely be rejected.  Finally, on the 

topic of intelligence – I would suggest that producers have a very different view of what 

constitute intelligence than what Rogers’ model refers to. 

It becomes evident that the researcher’s approach to problems, and the tendency to break 

down objects (or aspects of people’s behaviour) into their component parts, does not 
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necessarily fit well with the way in which many producers approach problems – producers 

don’t tend to break things down as scientists do. Hence, approaching producers from this 

type of framework, with the accompanying terminology, may not be helpful to 

understanding, or communicating with, producers. 

10.2.4 Summary  

This section has attempted to address the question of whether there are identifiable 

differences between the knowledge approaches and expectations of sheep producers and 

researchers regarding worm management in sheep. Based on the analysis of data comparing 

the beliefs each group has about the utility and value of the two main knowledge groups – 

conceptual and procedural, it appears that marked differences do exist in the regions where 

this study was conducted.   

Producers and researchers believe in different knowledge types mainly because their use of 

knowledge is different – they are seeking to achieve different goals. This thesis does not 

advocate that producers completely change their goals and therefore knowledge systems 

(nor researchers), rather it suggests that both groups need to have a better appreciation for 

each other’s knowledge base, or alternatively, that a system is devised to create a 

communication intermediary between the two groups to aid in communication.  

This section has examined the various impacts that differences in knowledge preferences 

between researchers and producers may have both on the extension of IPM, and on some 

aspects of agricultural adoption and extension in general. Adoption has been presented as a 

complex issue that, in terms of developing appropriate and effective extension programs, 

requires a psychological and socio-cultural understandings of producers’ approaches to 

parasite management.  
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The idea of identifying ‘trusted intermediaries’ (Lees et al. 2006), people well respected in 

their community has been suggested as an appropriate model to be considered for the 

extension of IPM-s. The idea of partnerships and more participatory and iterative 

communication strategies is further viewed as an improvement to traditional one-way 

communication systems from researcher to producer that has been examined. The next 

section will outline how this study has contributed to adoption and extension as relevant to 

the decision-making models currently employed to evaluate and predict adoption behavior, 

and to inform extension. 

10.3 Decision-making Models in Agricultural Extension: Exploring 
Factors Affecting Farmer Decision-making  

10.3.1 Introduction 

There is a growing trend in the extension industry to acknowledge the importance of socio-

cultural factors in decision-making. This has been accompanied by a growing 

acknowledgement by agricultural extension researchers that local knowledge (also called 

indigenous knowledge), held by producers has more to offer research than previously given 

credit for by researchers and funding bodies (Arce & Long 1992; Flora 1992; Glyde & 

Vanclay 1996; Kloppenburg 1991; Murray-Prior 1994; Pannell 1999; Pannell et al. 2006; 

Vanclay 2002; Vanclay & Lawrence 1994). In conjunction with this increased awareness 

about the value of involving farmers in research (Crawford et al. 2007; Kelly 2001; Lees et al. 

2006), and in embracing more participatory approaches to agricultural extension, has been 

increased research into farmers’ learning and training preferences (Kilpatrick 1996; 

Kilpatrick 2000; Kilpatrick & Johns 2003; Kilpatrick & Rosenblatt 1998). Despite this focus 

on how farmers learn and the knowledge types and information sources they use; there has 

been less research into how and why farmers make adoption decisions outside of the 

formalized logical-choice models employed by agricultural economists such as Anderson, 
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Hardaker and Pannell (Anderson et al. 1977; Hardaker et al. 2004; Pannell 1997; Pannell 

1998; Pannell 1999).  

Most producers making adoption decisions, I believe, do not undertake a formal decision 

analysis – unless taken through such an exercise by an extension officer or researchers 

associated with the innovation. As acknowledged by Anderson et al. (1977), most people use 

intuition and heuristics to make everyday decisions, and within the context of sheep 

producers making worm management decisions, it is likely that a formal decision analysis is 

never performed. Most producers, do not actively assign utility or asses risk probabilities, 

rather, as suggested in Chapter 4, they are more likely to base their decision on a 

perception of risk, or a sense of certainty or uncertainty related to their experience with or 

understanding of a particular innovation. Murray-Prior’s (1994) work with PCT and sheep 

farmers also supports this view that farmers are more likely to use their experience and 

‘local’ knowledge to inform their choices. Whilst it is assumed and acknowledged that most 

farmers do not have formalized decision-making procedures, particularly for smaller 

decisions, less research has been conducted to examine the types of informal models of 

decision-making that could accommodate this informal approach, and the explicit inclusion of 

cultural, social and psychological factors affecting decision-making. These latter factors 

contribute to and influence how the producer deals with uncertainty, particularly through 

learning. 

10.3.1.1 DECISION-MODELING WORK BY MURRAY-PRIOR 

As discussed in Section 4.3.4, Murray-Prior conducted a study combined PCT with 

hierarchical decision-making with respect to sheep producers reaction to the reserve price 

scheme for wool. Some of Murray-Prior’s findings that are relevant to this study include that 

while ‘relative profitability was the major factor inducing change in behaviour...maximising 

profitability was not an important short-term objective’ (Murray-Prior 1994, p. 229). A 
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similar finding was reached in this study regarding profitability, with the repertory grid 

results indicating that both financial benefit and production benefit were not of as great 

importance as one might expect under a theory of expected utility maximization. Further, 

Murray-Prior’s work also indicated that ‘The main predicators of behaviour were criteria (in 

decision-making) that incorporated simplifying rules and in keeping with this producers were 

often unresponsive to factors that could have triggered changes in behaviour” (Murray-Prior 

1994, p. 229). Triggers in this case included primarily financial factors, such as ‘pressure from 

creditors, visits from private buyers, and increased brokerage charges for the auction/private 

decision’ (Murray-Prior 1994, p. 223). 

Whilst this model has great merit, the aim of this study was not to investigate a particular 

decision-making model, but to investigate the value of understanding socio-cultural and 

psychological factors to decision-making – and to try and identify some of these factors 

specifically. Furthermore, the focus of Murray-Prior’s study was of a different nature, as it 

involved ‘an attempt to arrive at the overall objective of identifying and evaluating, at the 

farm level, the major stimuli determining the production and marketing decisions of wool 

producers’ (Murray-Prior 1994, p. 230). This focus, I would argue, is somewhat different to 

examining decisions regarding the use of particular knowledge, skills and practices as the 

subject of the decisions is directly related to the economic aspects of farm management, and 

may not encapsulate the more socio-cultural and psychological aspects associated with 

decision-making for on-farm management. Hence, the value and findings of Murray-Prior’s 

use of hierarchical decision-making model and PCT are not questioned, but it should be 

noted that this IPM-s dissertation is very specific in that it seeks to obtain a better 

understanding of sheep producer’s perceptions of IPM-s KSPS, as well as to further 

investigate the utility of PCT to agricultural extension and adoption as a singular technique. 

Currently, as stated in Chapter 3, there have been no applications of a direct PCT approach 

in agriculture., with PCT typically modified alongside another theory (such as hierarchical 
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decision making or mental models – see Abel et al. (1998) for the latter application in 

environmental management).  

10.3.1.2 DECISION-MAKING, PCT AND RISK IN THE CURRENT STUDY 

The initial interview question in this study, regarding factors for consideration used by 

producers when deciding to try something new or different on their property (not 

restricted to worm management) (see chapter 7), captures empirical evidence reinforcing 

the suggestion that producers do not have a formal decision analysis procedure. Producers 

never specifically talked about risk, though it was alluded to through factors nominated, such 

as ‘effectiveness’ and cost. However, many factors related also to sources of information 

(self, professional, trials) and similar factors related more specifically to certainty/uncertainty. 

Very few producers indicated that they have a specific process for making a decision and 

sometimes asked me to explain what I was asking. The latter questioning is further indication 

that many producers are not used to examining, or at least enunciating to someone else, the 

factors they consider in order to make a decision.  

This is not to say that producers would not benefit from a more formalised decision analysis 

process. In the context of adoption and extension however, I believe it is more useful to 

assess how producers are actually making decisions and ways in which we can work with 

that process rather than attempting to mould their process to one of our own design. Again, 

that is not to suggest that producers should not be encouraged to adopt more formalised 

decision analysis procedures and given basic tools to do this. However, based on the current 

intuitive decision making approaches employed by producers, such tools would necessarily 

have to allow for qualitative and descriptive analysis, not formalised numerical equations. 

From this perspective, the use of a repertory grid framework allows researchers or 

extension agents to take a more qualitative approach to decision-making and perceptions of 

risk, uncertainty or other aspects of farming. 
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The aim of this part of the study is to discuss the social, cultural and psychological aspects of 

sheep producer decision-making and adoption in the context of integrated parasite 

management. Specifically, I wish to examine the factors, other than direct economic 

considerations, that impact on decision making related to adoption. Further, I will investigate 

how an understanding of these factors could lead to the design of research and agricultural 

extension that better accommodates both an informal approach to decision-making, and the 

socio-cultural and psychological factors affecting adoption of integrated parasite management 

specifically. Inherent to examining these factors, is a focus on uncertainty and the way in 

which people deal with this through their personal construct system (which as pointed out 

by Kelly serves as a way to anticipate the future), and learning. 

Figure 10.1 is my attempt to conceptualise what is happening in an intuitive decision making 

process. This conceptualization is based on the current logical choice decision-making 

models, in order to show where in these models I think research into adoption and 

extension requires more attention i.e. in the area before the assignment of risk probabilities 

- uncertainty. I personally, do not believe that the formal calculation of risk probabilities 

according to a logical choice model is required (for producer purposes at least), however, 

this graphic is designed to indicate to those familiar with logical choice models of decision-

making, where I propose the focus of research should be. Further, this conceptualization has 

a focus on certainty/uncertainty (or knowledge and lack of knowledge), rather than an 

assignment of risk probabilities (as occurs under more formalised decision analysis such as 

that proposed by Anderson et al. (1977)). The ‘stimulus for change’ represented at the top 

of the diagram, refers to the need to make a decision – such as to choose whether or not to 

adopt an innovation.  
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Figure 10.1. Role of uncertainty in decision-making for the adoption of innovations 

Decisions of this nature typically represent a challenge to the construct system, in that a 

person intuitively assesses whether or not it matches how they think or feel about the 

innovation on offer. Part of this process involves accessing their prior knowledge and 

experience of aspects of the innovation – including the source of information and the 

promoter and/or developer of the innovation. As can be seen from the diagram, it is my 

belief that this pre-risk assessment phase can be an obstacle to decision-making, because if a 

person decides they do not have enough information, or they don’t trust the source, they 

are likely to reject the innovation. Alternatively, rejection may also occur if they decide they 

do have enough information but it does not match their experience of current 

understanding (i.e. runs contrary to their construct system).  
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Further intertwined with the concept of either having or not having knowledge (but not 

specifically represented in this diagram for clarity’s sake), are the sources of knowledge (or 

information), since, as was evident from the analysis performed in this chapter, the origin of 

information is important to producers. Specifically, whether information derives from self or 

an external sources, or both, can affect a producers’ perception and potentially acceptance 

or trust in the information. Further, the source of information is important, as indicated in 

sections 8.3 and 8.4, since these relate at a broader conceptual level to issues of self-identity 

and control over management. As discussed above, Figure 10.1 also incorporates aspects of 

personal construct theory, and how constructs and their permeability, can have an impact of 

the decision process.  

Figure 10.2 represents the interrelationship between personal constructs and the factors of 

decision make which it has influence on, and how these factors may also influence personal 

constructs. Further details about these relationships are discussed below also. This is the 

type of framework I would propose research and development organizations, researchers, 

and extension agents, consult when planning for extension, and/or the agenda, for their 

research. This diagram, can act as a reminder of the potential factors that will require 

attention when thinking about the adoption of research. 

Part of this research has investigated the importance of uncertainty (defined as a lack of 

knowledge), and perceptions of risk (qualitative assessments of potential risk); rather than 

risk probabilities to the decision-making (DM) process, since most logical-choice models of 

decision making tend to have a focus on calculating risk probabilities. In this section of the 

discussion, I examine the value of personal construct theory and the repertory grid process 

to understanding the socio-cultural and psychological factors affecting decision-making; as 

well as analyzing the importance of uncertainty regarding IPM-s tools and practices to sheep 

producers. Finally, I will examine how an understanding of uncertainty and socio-cultural and 
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psychological factors affecting decision-making can be effectively utilized to guide the 

extension of the IPM-s project, and the extension of agricultural innovations in general 

where appropriate. Study findings are presented as they relate to methodology, IPM-s, IPM 

and agricultural extension in general. 

 

Figure 10.2. Interrelationship between factors influencing producer decision-making 

10.3.2 Methodological contributions and critique: Personal construct theory 
and the repertory grid 

The core aims of utilizing personal construct theory (PCT) were to elicit producers’ 

perceptions of current and proposed integrated parasite management approaches; and to 

attempt to understand how influential uncertainty, socio-cultural and psychological factors 
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are on producer decision-making in the context of IPM. This study assumes that responses 

to the repertory grid in particular reflect to some extent the interviewees’ system of 

personal constructs as related to parasite management. Implicit in these constructs are 

aspects of the interviewees’ socio-cultural experiences and knowledge, as well as reflections 

of their individual psychological make-up (i.e. personality, attitudes, motivations, and 

behavior). It can be argued that analysis of the results of the repertory grid-based interviews 

has met these aims by highlighting the importance of uncertainty, and comfort and sense of 

control as factors in producer decision-making, as well as indicating the potential importance 

of the broader concept of self-identity. The consistency of results obtained from various 

analyses conducted further validates the utility of the theory in this context. 

As with any method, there are problematic aspects that affect implementation and the 

results obtained. As previously mentioned in Chapters 8 and 9, there were several issues 

that arose during the personal interviews that may have impacted on the results. These 

include: 

• influence of practice effect and social desirability bias on responses (i.e. producers 

wanting to appear to their best advantage); 

• shortened interview time as compared to the clinical use of PCT, and choice of the 

supplied constructs; 

• suitability of the technique for non-conceptual thinkers, and suitability for the 

generation of ideas. 

Each of the points is explored in detail below. 
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10.3.2.1 IMPACT OF SOCIAL DESIRABILITY AND PRACTICE EFFECT 

Typically, social desirability bias is inherent to any survey or interview tool (Oishi 2003), but 

is probably more common in a group or one-to-one interview. Every attempt was made to 

ensure responses given by producers were as authentic as possible. While there is no doubt 

that the desire to appear as a ‘good manager’ may have had some impact on the interview 

responses, I maintain that the results are not significantly affected by it due to the care taken 

to ensure reduction of this bias. The discrepancy matrix (see Chapter 8) compares practices 

producers indicated that they used, against the ratings given in the repertory grid for these 

practices. This comparison was carried out in order to measure any differences in actual 

practices as compared to perceptions.  

The impact of social desirability, whilst potentially present, was for the most part reduced by 

the constant reiteration to interviewees that I was seeking their opinion about the practices, 

not what they knew to be best practice. Interviewees appeared very willing to accept this 

and provide their own opinion, often indicating when they were aware that their practice 

and opinion were not considered best practice by ‘experts’ or professionals. I believe this 

openness about the divergence between their practices and perceived best practice is 

evidence of social desirability being reduced through being acknowledged. 

Another potential impact on the repertory grid responses was the practice effect as 

described by Litwin (2003). Practice effect occurs when, over a period of time, a respondent 

becomes practiced at answering questions based on ratings in a similar way. This tendency 

was noticed during the conduct of the repertory grid, with respondents often vocalizing 

their intent to show consistency of ratings across constructs for individual practices. The 

empirical evidence for this occurring is found in the principal components analysis, where a 

majority of interviewees had only one dimension across the constructs for each element 

(see chapter 8). However, whilst somewhat attributable to the practice effect, the 
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unidimensionality of the repertory grid data was also influenced by construct choice, which 

is discussed below. 

10.3.2.2 SHORTENED INTERVIEW TIME & CHOICE OF SUPPLIED CONSTRUCTS 

A repertory grid interview based on PCT typically can take up to several hours when used in 

a counseling situation. Within the context of clinical psychology (for which the repertory 

grid was originally designed), the grid process is a conduit for the interviewer to analyze a 

patient’s construct system. Completion of the grid is not an end in itself (i.e. the aim is not 

to fill in the grid, but to facilitate the counselor’s and patient’s acquisition of information in 

order to effect personal change) (Jankowicz 2004). Hence, because the goal in a counseling 

situation is not research oriented, and does not require standardisation across interviewees, 

a repertory grid interview using full construct and element elicitation procedures can literally 

take hours.  

It is well known that producers are time-poor, like most people today, and in light of this the 

repertory grid interview time was shortened to about 45 minutes in order to encourage 

participation. This shortening of the interview time was achieved by supplying both elements 

and constructs. Interviewees were, however, given the opportunity to also supply their own 

constructs prior to completing the repertory grid. The benefit of supplying elements and 

constructs is a more focused repertory grid interview, and the subsequent ability to 

mathematically standardize results to allow comparisons between interviewees. This 

standardized approach was advocated by Salmon, who conducted computer simulation 

repertory grid processes with farmers in the 1970s (Salmon 1980). The use of standardized 

elements and constructs is considered a valid use of the repertory grid, particularly in a non-

clinical context (Caputi 2005; Jankowicz 2004). 
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The disadvantages to the shortened interview include of course a more limited elicitation of 

producers’ perceptions, based on their own phrasing. This was tempered somewhat by the 

elicitation of some constructs, though these were not used in statistical analysis of the 

repertory grid data, rather they were utilized for qualitative purposes only due to time 

constraints and the desire to standardize responses for comparative purposes (see Section 

7.5 for this qualitative analysis). It is possible that the utilization of supplied constructs had an 

impact on the unidimensionality of the resulting data.  

This unidimensionality may be in part attributed to the supplied constructs not necessarily 

being reflective of producers’ own constructs. An attempt was made to validate the supplied 

and elicited constructs by performing a content analysis on the elicited constructs and 

analyzing how well these were represented by the supplied constructs. As indicated in 

Section 7.5, the elicited constructs indicated that the issues of cost, knowledge and control 

were important to producers. These issues were all represented by the supplied constructs, 

but perhaps not using language that was as immediately accessible or meaningful to 

producers. Further, as part of validating the meaning of constructs for producers, producers 

were specifically asked during the interview process to indicate that they understood the 

meaning of the construct, and to indicate also if it was meaningful to them. This latter point 

is in keeping particularly with Kelly’s (1963) ‘range of convenience’ corollary of PCT, 

wherein a construct is only meaningful within a certain context. Where a construct is not 

meaningful, it is not applicable, or useful, to an understanding of the context within which it 

is being used. Hence, although the constructs were supplied, I am confident, based on 

producers’ responses, that they were contextually meaningful and did not represent a major 

drawback to the study or results.  

An issue Salmon and others (Salmon 1980; Salmon et al. 1973) encountered in his use of 

PCT in the context of business management and farming that has some relevance to this 
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interview procedure, was that of interview location. Salmon (Salmon 1980; Salmon et al. 

1973) found that farmers did not participate well when asked to complete his computer 

simulation model at off-farm sites. Although Salmon (Salmon 1980; Salmon et al. 1973) was 

using a computer model, which may have changed the comfort level somewhat, I also found 

during this study that most producers preferred to conduct the interview in their home, as 

Salmon states: 

In practice this would be his normal management environment: surrounded by 
wife, children and the many interruptions from small tasks which have to be 
carried out on his farm. 

(Salmon 1980, p. 46) 

Although not mentioned by Salmon, this tendency to prefer an on-farm environment is also 

related to the issue of time, with many producers indicating that time was an issue when 

deciding whether or not to provide an interview. Murray-Prior (Murray-Prior 1994) on the 

other hand, noted that the time frame often required for a full repertory grid interview was 

too long for producers, especially when investigating other issues, and he also shortened his 

interview time in order to reflect this. 

10.3.2.3 SUITABILITY OF REPERTORY GRID INTERVIEW TECHNIQUE FOR PRACTICAL THINKERS 

As mentioned in Chapter 8, it appeared that some producers had problems completing the 

repertory grid because they were not able to provide opinions about practices they either 

did not use, or did not like. This was typically true for some of the older producers 

interviewed. I have referred to these interviewees as practical thinkers. This type of thinking 

is also, however, reflective of other personality traits, and may potentially indicate a person 

with relatively impermeable constructs (i.e. someone not wanting to change) (Kelly 1963). 

One of the problems arising for these people during the interview was the inapplicability of 

some of the methods of worm control listed. This resulted in a skewing of the final dataset 

due to missing values. A benefit of the repertory grid technique, on the other hand, is that it 
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does highlight, in the context of personal construct theory, the impermeability of some 

interviewees’ constructs. It also reinforces the reality that the adoption of innovations will 

never be one hundred per cent regardless of the marketing or extension effort, since some 

people do not wish to change. 

The rigidity of having supplied constructs coupled with the one-to-one nature of the 

interview and the issue of non-conceptual thinkers also has repercussions related to the 

number and type of constructs elicited from producers. The repertory grid interview is 

designed to be challenging for interviewees because it attempts to take them inside 

themselves in order to examine fundamental personal beliefs, or constructs. This is a non-

trivial exercise for any person (Fransella et al. 2004; Jankowicz 2004; Kelly 1963). In the 

context of a shortened time-frame, and when interviewing people who typically work in a 

solitary situation, the communicability of constructs was potentially affected. Most producers 

are not used to working in an environment where they are required to communicate both 

complex and personal information. When participating in social contexts (such as at the sale 

yards) producers are likely to be operating according to a ‘socially constructed script’, 

where the rules of engagement are relatively well know by all participants (Goffman 1967; 

Ratner 1996). Hence, this can render the personal interview somewhat confronting. 

There are several options for remedying this drawback to the use of the personal interview, 

and the repertory grid, such as to tie the repertory grid interview in with a focus group, 

with participants invited to interview within a few days of participating in the group. The 

group situation may provide the stimulation of more abstract ideas for use by the 

interviewee during their individual interview. Salmon (Salmon 1980; Salmon et al. 1973) 

conducted group sessions during one of his studies and found that farmers were highly 

stimulated by a group process that allowed them to comment both on their own ‘data’ and 

that of others undertaking the computer simulation of farm management . 
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10.3.2.4 PCT AND THE REPERTORY GRID AS A RESEARCH TOOL 

Whilst not originally designed for use as a research tool, the repertory grid technique can 

deliver meaningful results in the context of agricultural extension and the investigation of 

factors affecting adoption decisions. Although some researchers may choose to use the 

repertory grid independently of Kelly’s original theory, in the context of agricultural 

extension and adoption, I believe the theory is just as important as the tool to enabling a 

broader and more in-depth understanding of the factors affecting the adoption of agricultural 

innovations. As found by Salmon (Salmon 1980; Salmon et al. 1973)  in the 1970s and 1980s,  

and Murray-Prior (1994) in his more recent work using a modified repertory grid method 

with New England sheep producers, use of the repertory grid can result in producers gaining 

awareness of themselves as managers. It also facilitates awareness for the producer of the 

relationships between perceptions, actions and their social network, almost immediately.  

Salmon (1980) refers to his use of PCT and the repertory grid within a computer simulated 

management model as a dynamic testing procedure that enables the interviewees to receive 

feedback from a series of repertory grids while undertaking the computer simulation used by 

Salmon. Salmon (1980) maintains that a dynamic testing procedure such as his allows farmers 

to sense change within themselves during the process of the interview. He further maintains 

that this sense of change leads to accelerated change in attitudes and learning – since the 

potential for change encourages a desire to learn – unlike standardized testing which does 

not provide a sense of personal change. According to Salmon: 

... the system (PCT and the repertory grid) could be used fruitfully to explore in 
greater detail a range of attitude change situations if standardised grids were 
used to generate comparable data across a large sample. 

(Salmon 1980, p. 83) 

The theory of personal constructs and the repertory grid tool are not only valid and 

meaningful research tools for understanding personal construct systems and perceptions; 
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they are also agents for change (which was their original purpose). Although my use of PCT 

and the repertory grid was not focused on change, it was evident that even the simplified 

version of the grid challenged producers to better understand and question why they did or 

did not use a particular tool given their perception of it. Based on remarks made by some 

producers during the personal interviews, it seems that the interview certainly raised 

interviewees’ awareness of some of the less well-known parasite management tools, as well 

as the concept of IPM, and why they may be beneficial and potentially worth considering – 

especially in the context of failing chemical solutions. This was especially true where 

interviewees indicated they had not thought of a particular tool in the way in which I 

presented it (e.g. the use of supplementary feeding for worm management). I hope that in 

cases where there was inconsistency between perception and practice that the producers 

have perhaps thought about making changes to reduce the inconsistency. However, the 

latter is not something this thesis seeks to measure, but rather is representative of the type 

of impact use of PCT and the repertory grid can have on extension.  

10.3.2.5 SUMMARY 

This section has provided a critique of the repertory grid as a method for this study, as well 

as indicating where the repertory grid has made contributions as a methodology of value to 

agricultural adoption and extension research. I have suggested in this study that PCT and the 

repertory grid are valuable tools in the context of adoption, and subsequently in extension, 

because they allow adoption and extension researchers to identify potential socio-cultural 

and psychological impediments to adoption, and conversely, areas of leverage for extension. 

Further, the use of PCT and the repertory grid process can be personal agents of change for 

producers (where they are amenable to this, i.e., don’t have impermeable constructs 

regarding the issue). The repertory grid process can elicit underlying socio-cultural and 

psychological reasons as to why the producer is approaching management in the way he or 
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she is, as well as highlighting areas where change could be made. In this way, the process can 

be a useful tool in agricultural extension. 

10.3.3 Empirical & Conceptual contributions to producer decision-making 
and adoption of IPM-s, IPM, and agricultural extension 

Current logical choice models of decision-making used in Australian agricultural economics 

are based on those outlined by Anderson and Hardaker (Anderson et al. 1977; Hardaker et 

al. 2004) in their work on decision analysis. Chapter 4 detailed the current approach to 

agricultural economics and decision analysis in Australia, indicating that risk probabilities and 

subjective expected utility values determined the hierarchy of ‘best outcomes’ for a 

particular decision for a particular individual. The model, whilst acknowledging the 

subjectivity of the decision-maker inherent to decision-making, does not attempt to identify 

the socio-cultural influences on the rational decision-making process – rather it assumes that 

these are inherent in the SEU values and risk perceptions estimated by the decision-maker.  

Whilst some may argue that the aim of decision analysis is not to understand decision-

making by producers but to help them make better ones, as pointed out in section 4.2.1, 

Hardaker et al. (2004) have indicated that they believe the explicit acknowledgement of risk 

through decision analysis could be useful as an extension tool. Implicit in this is that decision 

analysis, and in particular the explicit acknowledgement of risk, cannot only help producers 

make decisions, but that it can also, through use of the model, help producers and extension 

agents better understand why the decision was made. Further, Hardaker et al.’s (2004) 

comments about the importance of risk (and therefore of risk analysis models such as 

decision analysis) to not only farmers, but also government policy makers, researchers and 

commercial firms selling products to farmers, indicates Hardakers et al.’s implicit belief that 

decision analysis (or similar tools) have broader applications for extension and adoption. 

Further, research by Pannell (Pannell 1997; Pannell 1998; Pannell 1999; Pannell et al. 2006) 
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into the way uncertainty, risk and socio-cultural factors influence decision making, provides 

further indications that decision analysis, or logical choice models at least, are viewed by 

some agricultural economists not just as a tool for aiding producers with decision-making, 

but as tools with utility to agricultural extension.  

In a 2006 article, Pannell et al. (2006) state that research into the adoption of agricultural 

innovations has been conducted through many disciplinary lenses, one of which is 

economics. Abadi and Pannell (Abadi & Pannell 1998; Abadi Ghadim & Pannell 2003) have for 

instance developed “a conceptual framework (based on Bayesian decision theory) and 

empirical findings” (Pannell 1999, p. 2) that found uncertainty has “profound implications” (p. 

2) for the adoption of sustainable farming technologies in particular. This framework, is an 

example of where economic logical choice models are used not just as individual decision 

aids, but indicators of factors affecting adoption of innovations that can be utilized by 

researchers, extension agents and other interested stakeholders. Hence, whilst not explicitly 

promoted as a tool to help extension agents, agricultural policy makers and agricultural 

research organizations improve their understanding of adoption decisions, decision analysis, 

does or can perform this role. Where decision analysis, or other logical choice models are 

used in this context, there is a need to critique their relevance and value to agricultural 

extension. 

I believe that in the context of formal decision-making processes, attempts should be made 

to better incorporate uncertainty and socio-cultural factors (rather than for instance socio-

economic ones) in models of producer decision-making in an attempt to understand the 

reasons for adoption rather than attempting to understand what decisions will lead to 

maximum subjective expected utility. This thesis investigates whether uncertainty, socio-

cultural, and psychological factors are useful and relevant factors to understanding producer 

decision-making in the context of adopting integrated parasite management for sheep. 
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Certainly, Abadi and Pannell (Abadi & Pannell 1998; Abadi Ghadim & Pannell 2003; Pannell 

1999) have provided empirical evidence that uncertainty has a large impact on Western 

Australian crop growers’ adoption decisions. In particular it is argued in this study, that 

producers often make decisions based on where there is uncertainty about the practicality 

of a practice, and where the new practice being proposed impacts on issues of control of 

management and self–identity, as opposed to profitability and formal calculations of 

subjective expected utility. These ideas are explored below using integrated weed 

management (IWM) as a case study. 

10.3.3.1 EXTENSION AND ADOPTION OF INTEGRATED WEED MANAGEMENT 

Research into IWM indicated that there are “Several factors (that) have been identified that 

are likely to act negatively upon the decision by growers to invest in adopting IWM practices 

to prevent or delay resistance” (Llewellyn et al. 2004, p. 993). These factors were listed as 

socio-economic factors, expectations that new herbicide technology would be shortly 

available, and uncertainty about the ability of IWM to prevent or delay adoption. More 

recent research into the rate of adoption of IWM has indicated that adoption rates are low 

(Llewellyn et al. 2007). Attempts have been made to explain these low adoption rates using a 

“framework based on optimal management of the herbicide resource” (Llewellyn et al. 2007, 

p. 123), further: 

the grower’s decision problem is assumed to be the maximization of present 
value of annual returns (NPV) by selecting optimal levels of IWM use, IWM�, and 
herbicide use, H�, for each year, t. Herbicide resistance acts to increase the cost 
of herbicide weed control, CH, and reduces H�. 

(Llewellyn et al. 2007, p. 124) 

A serious of explanatory variables were utilized. These are listed below. 

• IWM value  

• IWM efficacy  

• Resistance status  
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• Crop proportion  

• Discount rate  

• Education  

• Information exposure  

• New herbicide EV  

• New herbicide CV  

This is a relatively typical example of the logical-choice models used in agricultural 

economics to examine adoption, as discussed in Chapter 4 of this thesis. One of the authors’ 

findings of relevance to this thesis includes the following: 

The study indicates an important role for information-related factors. Although the diffusion 
process for each of these practices is generally well advanced and likely to be generating large 
amounts of informal information, information exposure (e.g., as a result of extension), and 
human capital (i.e., education) is strongly associated with IWM adoption. 

(Llewellyn et al. 2007, p. 128) 

The importance of information-related factors to adoption of IWM, based on the findings of 

this study, is not surprising. What is interesting about the Llewellyn et al.’s (2007) findings is 

that, although for their sample, information was associated with adoption, they also state 

that the ‘diffusion process’ for this information is ‘well-advanced’ – yet adoption is still low. 

Based on the importance of the information-related variables, and the availability of 

information, their findings suggest that adoption of IWM should be high i.e. since there is a 

lot of information around and dissemination is advanced. It is surprising then that IWM 

adoption rates should still be low. What is not surprising, based on the findings of this study, 

is that whilst Llewellyn et al. (2007) may have established the importance of information to 

adoption, what they do not appear to have examined is how relevant to producers this 

information is, nor how appropriate and contextual the information is. They seem to have 

assumed that the information being provided to producers is adequate, relevant and 

contextual; and, that the delivery mechanisms are acceptable to, and trusted by, grain 

growers. 
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The findings of my study have indicated that for sheep producers at least, sources and types 

of knowledge are important to decision-making for adoption. The low rates of adoption for 

IWM suggest that the plethora of information available is not meeting the needs of 

producers, nor their preference for types and sources of knowledge. Further, it could be 

argued that the utilization of the ‘diffusion of innovations’ concept alluded to by the 

terminology used in the Llewellyn (2007) study, is also hampering adoption. The findings of 

this study would suggest that the use of PCT and the repertory grid could be useful to 

gaining an understanding of the components of the IWM knowledge, skills and practices that 

grain growers have problems with. Further, a partnership approach to trailing IWM or the 

development of a trusted intermediary program may also be of benefit to IWM in order to 

increase trust between the researchers and grain growers. This is a specific example of how 

this research can contribute to improving extension and adoption for integrated parasite 

management approaches. 

Other research into IPM extension and adoption has been conducted by Elsey and Sirichoti 

(2001) for growing tropical fruit trees in Thailand. Their research examined extension of IPM 

to tropical fruit tree growers from two different perspectives, including from a diffusion 

approach as advocated by Rogers (2003) and from a change management perspective. 

Factors impacting upon adoption found utilizing these methods included, from a diffusion 

perspective, producers’ perception of ‘relative advantage’ (which is also a factor typically 

investigated using logical choice models); and learning through practical application. From the 

change management perspective, factors improving adoption rates included the “mediating 

role of agricultural extension workers” (Elsey & Sirichoti 2001, p. 1), and the collaborative 

partnerships and learning approach. The latter is similar to the learning partnerships 

approach advocated by Crawford et al. (2007) in Australia, and the use of extension workers 

is similar to the idea of trusted intermediaries advocated by Lees et al. (2006) and Synapse 

Consulting (1998) discussed above. The study by Elsey and Sirichoti (2001) provides, along 
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with the findings of this report as discussed above, further support for the potential of these 

extension and research approaches to have some value to increasing the adoption rate of 

IPM approaches. 

10.3.3.2 SUMMARY 

The findings of this study, I would argue, support the view that there is some utility to 

extension and adoption research in a deeper understanding of psychological and socio-

cultural factors. Again, it would appear that researchers such as Abadi, Llewellyn, Marsh and 

Pannell (Abadi & Pannell 1998; Abadi Ghadim & Pannell 2003; Llewellyn et al. 2007; Llewellyn 

et al. 2004; Marsh et al. 1995; Marsh & Pannell 1999; Marsh & Pannell 2000a; Marsh & Pannell 

2000b; Marsh et al. 2000; Marsh et al. 2004; Pannell 1997; Pannell 1998; Pannell 1999; Pannell 

et al. 2006) would support this approach since much of their research has made attempts to 

indicate that these factors are important and should be measured. 

Both qualitative and quantitative analyses of the personal interviews and in particular the 

repertory grid data, provide an insight into the importance of uncertainty, a sense of 

comfort and control over management, and self-identity to producer perceptions of worm 

management practices. These factors are also likely to have some influence of the decision 

to adopt these practices. 

10.3.3.3 UNCERTAINTY, SENSE OF COMFORT AND CONTROL, AND SELF-IDENTITY 

Based on the results of the various analyses carried out for this study, certainty and 

uncertainty (concepts based on having or lacking knowledge) occupy an important place in 

producers’ perception, due mainly to their relationship with providing a sense of control 

over management of the property. These concepts could therefore be considered an 

important aspect for consideration in decision-making. As stated in section 10.2.4, certainty 

and uncertainty as factors affecting decision-making are not only represented in the types of 
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information sources they prefer (self, trials, science), but are reflected also by preferences 

for planning or having a routine, both of which give the producer some certainty about the 

current state and future outlook for their sheep enterprise. As indicated in Section 10.3.1.1 

above, a study by Murray-Prior (1994) also detailed producers’ preferences for long-term 

strategies and routines that did not represent the ‘chasing’ of markets. An aspect of this 

preference on the part of producers that Murray-Prior found was that producers dealt with 

uncertainty at a strategic level to give them control over management. He did not, however 

deal directly with the issue of self-identity, although it may be considered as implicit in some 

of his findings related to control over management (Murray-Prior, pers. comm. 2008). 

From comments made during the interviews, it was clear that producers thought about their 

sense of control in two ways: in relation to control over the management of their farm, and 

in relation to control over the manner and rate at which they learnt about new practices. In 

the case of lack of control that related to learning, if the learning or knowledge required to 

implement and fully understand the innovation does not occur (whether partially or in full), 

then there will likely be a certain lack of control also with regards also to management. The 

lack of control in both situations, whilst related somewhat to uncertainty about the 

innovation, is not necessarily related to the assessment of the innovation as risky or not (i.e. 

whether it will work or be effective). Rather, it relates more to uncertainty in the context of 

control – particularly where the nexus of control is external rather than internal for an 

innovation. The idea of control, was further strongly related to level of comfort. This 

became obvious due to comments made by producers during their interviews, and was 

evidenced through the principal components analysis of construct dimensionality, where 

these two constructs loaded on the same dimension (see Chapter 8). Due to this 

relationship between comfort and control, the terms are referred to interchangeably below 

as management control and comfort. 
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The themes of uncertainty, management control and comfort are represented in several 

forms in the data analysis for this study, including the content analysis of producer-supplied 

constructs, the groups comprising the cluster analysis solution and the principal component 

analysis. 

These analyses indicated not only that the themes of uncertainty, and sense of comfort and 

control over management were important to their perceptions of worm management tools, 

but also enabled the identification of which tools presented as part of the personal interview 

posed most problems in terms of uncertainty about their usefulness, effectiveness and 

relevance to interviewees’ worm management. Those tools for which producers showed the 

greatest level of uncertainty for worm management included: 

• supplementary feeding to manage worms, 

• selecting EBV tested rams to manage worms, 

• using set target for ewes and weaners to monitor weights and condition scores, and 

• keeping written paddock histories to help manage worms. 

There were also moderate levels of confusion about the frequency of FEC testing and 

whether or not producers should be using experience and visual assessment to make 

drenching decisions. 

What is notable about the skills and practices for which most uncertainty is displayed, is that 

these are all non-drench related tools i.e. they represent management and monitoring 

approaches specific to an IPM system. Producers were predictably relatively comfortable 

with the drench-related tools, although there was uncertainty about the most effective 

frequency of FEC testing. Of further interest is the uncertainty evident with the use of 

experience and visual assessment for worm management. This is one area in which the 
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importance of self-identity is evident since it appears, based on comments made by 

producers and the results of the discrepancy matrix also, that the advent of testing tools 

such as FEC, pose a challenge to experience and intuition, and what several producers 

referred to as stockmanship skills. This should not be surprising, since, as Wynne (1989) has 

pointed out, culture plays a large part in many of the practices utilized by farmers. 

Stockmanship, as indicated in section 4.3.4, is a reflection of Australian farming culture that 

has been recorded many times by Australian writers of prose and poetry. Without doubt, 

there are many more self-perceptions and traditions utilized by sheep producers that also 

reflect this long-time, and other more recent, aspects of the Australian sheep producers’ 

cultural, and social, identity. The social aspect comes into play particularly when producers 

are engaged in their social networks and potentially engaging in what Ratner (1996) and 

Goffman (1967) refer to as ‘socially constructed scripts’ and exchanging information, 

experiences and advice. 

There were very few producers interviewed who relied solely on FEC testing for making a 

drench decision. The majority indicated that they used experience and visual assessment in 

conjunction with FEC testing – or relied solely on experience and visual assessment. 

However, most of the producers who used FEC testing and also their experience indicated 

that they knew that professionals did not consider this best practice. Producers frequently 

qualified their admittance to using experience and visual assessment by stating “I know I 

shouldn’t but...” This tends to indicate a conflict of the recommended practice with their 

current practice and experience – and at a broader level, a conflict with their current self-

identity. This type of conflict has implications for the willingness of producers to accept such 

a tool or practice. As pointed out by Joffe (1996; Joffe 2003) in chapter 4, particularly in the 

context of risk and uncertainty, people’s use of objectification to help understand the world 

and develop heuristics for action, also has the purpose of protecting their self-identity. As 

such, people’s perceptions of risk, and subsequently their decisions relating to these risks, 
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will be influenced by self-identity – of both the individual and the social group they identify 

with.  

Hence, there is a need to examine further which tools present a challenge to producers’ 

current perception of self (and why) and attempt to reconcile the representation of these 

tools with current producer self-perceptions and management practices. Producers need to 

be able to see how they can integrate new tools into their current management practices in 

a way that is not threatening to their self-perception. If the concept of self-identity is 

considered “the self as reflexively understood, as a continuing project” (Jary & Jary 2000, p. 

544), then the process of extension should be able to effect change over time when carried 

out in a manner, and with content, relevant and appropriate to producers perceived 

problems and their approach to management. This is similar to the way in which Kelly 

(1963) viewed a personal construct system – a reflexive system constantly subject to change. 

The value of PCT and the repertory grid process in the context of the adoption of 

agricultural innovations and extension of innovations is the qualitative contribution to 

understanding producer perceptions for decision-making. This is in contrast to the 

quantitative calculations of risk probabilities and subjected expected utility values elicited and 

utilized for adoption decision-making under logical choice models, such as decision analysis. 

The elicitation of qualitative information related to producer perceptions in the context of 

decision-making is potentially a more meaningful framework for investigating the adoption 

and extension of agricultural innovations than the use of a quantitative, logical choice 

approach to decision-making in these contexts.  This is due to several factors.  

• Firstly, the reduction in uncertainty implicit in logical choice models assumes that the 

producer will actively continue working to reduce this uncertainty. In fact, personal 

construct theory would suggest that a producer with impermeable constructs will 
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simply abandon any investigation into the innovation and uncertainty will remain at the 

initial level (see Figure 10.1 for a representation of how uncertainty and PCT feed into 

a logical choice-style decision model). Hence, even if the process of decision analysis 

was undertaken by a producer with impermeable constructs, the calculations of risk 

probabilities and subjective expected utility of various options for action, would not 

actually impact on their final decision since they are unlikely to be interested in 

change. 

• Secondly, assuming in this case that the producer does not have impermeable 

constructs and has sought to reduce uncertainty by gathering information, the socio-

cultural and psychological aspects of an innovation may be more usefully examined and 

expressed in a qualitative manner related to comfort and sense of control over 

management. This is in contrast to a quantitative representation expressing 

probabilities of risk related to subjective expected utility values as in a logical choice 

decision-making model.  

Comfort with a management approach or practice, and Sense of control over 

management, are highly subjective and interrelated perceptions as explained earlier in 

this section. The sense of control gained from a particular innovation may be unrelated 

to how much the producer knows about the innovation. Rather it may be more closely 

related to preferences for knowledge (e.g. does the innovation fit with the producers’ 

approach to learning, or the type of knowledge they prefer, thereby allowing the 

producer to feel comfortable with, and in control of, the learning process). A producer 

is unlikely to adopt an innovation that requires learning that does not fit with their 

learning and knowledge preferences since this would result in a certain level of 

discomfort and a lack of control.  
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An external nexus of control would exist, for instance, where the producer is reliant 

on outside knowledge and advice because they do not fully understand the innovation 

or are unable to analyze the implications of using the innovation themselves. One 

instance where this can be seen in this study relates to FEC testing. Many producers 

did not FEC test, or if they did, did not use the process and results appropriately. 

Reasons for this are varied, but include in this context, because the producers simply 

do not fully understand how FEC testing works, nor do they feel in control of the 

testing process. For most producers FEC analysis is performed away from the farm at 

a laboratory and advice for action based on the test is provided by the testing body or 

the producer’s veterinarian. This renders FEC testing for some farmers a tool that 

does not give them a sense of control over their management. 

• Thirdly, there is the influence of self-identity on decision-making. As Joffe (1996) 

indicates in her work (see section 4.3.4), people and social groups, will seek to 

protect their self-identity, and usually accomplish this through objectification. 

Objectification occurs when a person or social group, utilizes their current day-to-day 

experiences to make new information or objects seem familiar or describable. In the 

context of risk perception, objectification acts to protect self-identity by determining 

how a hazard is represented by the individual or group. This is a qualitative evaluation 

of risk, not a quantitative estimation as is used in logical choice models. Logical choice 

models, such as decision analysis, claim that this qualitative aspect of risk is inherent in 

the probabilities of risk elicited from a producer during the decision analysis process. 

While this may be so, it does not appear to be useful, as noted by Joffe (1996; 2003), 

to keep these qualitative factors hidden. She states, in defense of a qualitative, social 

representations, approach to risk: 
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rather than conceptualising lay readings of risk as deficient, they are viewed as 
entities that contain the eccentric contents of people’s repositories of knowledge, 
which both express and protect their identities. 

(Joffe 2003, p. 60) 

This would suggest that, attempting to identify and understand the ‘eccentric content 

of people’s repositories of knowledge’, would be of greater utility to understanding 

perceptions of risk (and therefore impacts on decision-making), than trying to calculate 

a probability of risk that hides this content, and, is potentially not as meaningful to the 

person for whom the probabilities are being calculated. 

Certainly, Kelly (1963), from a personal constructs perspective, would also argue that 

the process of making these implicit qualitative factors explicit, through the use of the 

repertory grid process, would lead to change (where the producer is amenable and 

does not have impermeable constructs), and (in the context of extension) a better 

understanding of the leverage points for effecting change. 

In the context of IPM-s, there are several elements (KSPs) for which self-identity is likely to 

be highly influential. These include: 

• Drenching based on FEC testing. FEC testing may challenge producers’ perceived 

control over worm management since analysis of samples and advice based on results 

is typically conducted off-farm; further, FEC testing may present a challenge to self-

perception as a ‘stockman’ (i.e. someone so knowledgeable about their stock that they 

require only experience and visual assessment to spot problems).  As FEC testing is 

being suggested as a replacement for experience and visual assessment, this poses a 

direct challenge to many producers’ self-identity. This is one tool for which the 

presentation to producers needs to be tailored to the management style preferred by 

different producers.  Some producers will accept FEC testing as it represents a 

‘professional’ and business-like approach to worm management, while others will 
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reject it because it asks that they ignore years, and potentially generations, of their 

forbearers’, and their own, knowledge and experience. 

• Drenching based on opportunity. This is a fairly well embedded habit for most 

producers. The combination of unrelated tasks is potentially linked to a self-

perception grounded in pride in being efficient with time, as well as, pride in the 

amount of work that can be accomplished in a short period of time. The latter in 

particular perpetuates the folklore of farmers being people who perform hard, 

backbreaking manual labour in very efficient amounts of time  (there is a relationship 

here with shearing in particular). Some IPM-s researchers have also suggested that the 

type of planned opportunity referred to here is based also on traditional, 

recommended, drench treatment times for the different regions and that therefore 

the habit (timing of opportunistic treatments) may have some value. As previously 

mentioned however, this type of habit is not compatible with an IPM approach since 

IPM is inherently based on flexibility, monitoring and feedback. 

• Experience and visual assessment. As indicated in relation to FEC testing, experience 

and visual assessment are core components of the identity of sheep producers as 

‘stockmen’. This is a self-perception that in the context of extension and adoption 

requires explicit acknowledgement, and some sensitivity, since it also relates to 

several other IPM practices, such as formal monitoring of weights and condition 

scores, and formal record keeping.  

• Monitoring of weights and condition scores: These are both recommended IPM-s 

practices that many of the interviewed sheep producers indicated are performed 

every day, but with records kept in their head. Many saw no need, or benefit, in 

conducting either monitoring or record keeping in a formalized manner. As 
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‘stockmen’ (as per the definition previously given), many sheep producers have pride 

in their memory, and probably in the collective memory of the generations before 

them who have passed down their knowledge. This is what Wynne (1989) has 

referred to as the ‘craft judgments’ made by producers in the context of Cumbrian 

sheep farmers.  

• Drench resistance testing (DRT). Although, like FEC testing, a tool involving analysis 

and advice external to the farm, DRT could be considered less confronting to sheep 

producers since it does not directly seek to advise on a specific action – such as when 

to drench. DRT, for most producers at least, merely indicates which drenches are less 

or more effective on their property. It provides the producer with information over 

which they have complete control regarding what actions (if any) they take as a result. 

Notwithstanding this, there are those producers who do not believe they need DRT 

tests because they don’t use drenches; they know from experience what’s working 

and what’s not; or they do not acknowledge that drench resistance is a problem on 

their property. The latter two points in particular relate back again to the ‘stockman’ 

self-identity. For some producers at least, the need to conduct any sort of test means 

you “don’t know what you’re doing” (according to one interviewee); and potentially 

that you shouldn’t even be a sheep producer. 

• EBV-tested rams. This practice is also affected by the issue of self-identity. With 

‘stockmen’ on the one hand indicating that a ‘good’ sheep farmer should either be able 

to tell which rams are good stock, or have conducted their own culling process over 

the years and have no need of a test to tell them how worm resistant their rams are. 

Producers with a self-perception as ‘professionals’ however are more likely to accept 

EBV-testing because it provides credible evidence that they are managing their stock 

well (according to best practice), and it guides and reinforces stock culling decisions. 
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One of the main issues related to EBV-testing pertains not to self-identity, but to the 

perception that there are factors other than worm resistance that are of higher 

priority to sheep production when selecting sheep (e.g. fleece tensile strength and 

micron count). 

Further use of PCT and the repertory grid process in the context of decision-making and 

extension will undoubtedly shed more light on the benefits of a qualitative framework, as 

opposed to a quantitative one. 

10.3.3.4 SUMMARY 

In terms of the empirical and conceptual contributions to IPM and agricultural extension in 

general, I have suggested that there are several key socio-cultural and psychological factors 

affecting decision-making. These include uncertainty, comfort and sense of control over 

management, and self-identity. These overarching factors indicate that, even if, when using a 

logical choice model, a producer could arrive at some estimation and understanding of risk 

(through the calculation of risk probabilities and SEU), and reduce uncertainty in an iterative 

fashion as these logical choice models suggests occurs, this would still not reliably aid in 

predicting the producer’s decision-making behaviour.  

10.4 Farming Style Indicators 

10.4.1 Introduction 

The two themes detailed above regarding knowledge preferences and producer perceptions 

of tools and practices relate directly to the third theme of farm management style indicators. 

This theme, as discussed in Chapters 2 and 5, arose out of the farming styles literature of 

van der Ploeg and Whatmore (van der Ploeg 1994; Whatmore 1994; Whatmore et al. 1987a; 

Whatmore et al. 1987b), and Vanclay and others in Australia (Glyde & Vanclay 1996; 

Howden & Vanclay 1998; Mesiti & Vanclay 1996; Mesiti & Vanclay 1997; Mesiti & Vanclay 
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2006; Vanclay et al. 2006; Vanclay & Lawrence 1994; Vanclay et al. 1998). In a recent article 

by Vanclay et al. (2006) the authors concluded that farming styles as a descriptive approach 

based on producer portraits are unworkable within the Australian context. This conclusion 

stems from the general isolation of most farmers from any kind of close-knit community (as 

compared to the density of farming populations in Europe), and the inability therefore of 

several studies to identify regional farming styles that describe most farmers well. 

This study, whilst endorsing the concept of farming styles in general, has sought not to 

identify prescriptive portrait styles of farming, but to instead identify potential indicators of 

worm management styles. This approach is based more on the typology approach to 

management suggested by Whatmore et al. (Whatmore 1994; Whatmore et al. 1987a; 

Whatmore et al. 1987b) and similar in principle, but not content, to such typologies as 

Rogers’ (2003). It is also influenced by the typologies found in adult education, which focus 

on types of knowledge, competencies and other socio-cultural factors (e.g. Kolb’s learning 

typology) (Billet 2001; Foley 2004; Merriam & Caffarella 1999; Nesbit et al. 2004). There is 

an aspect of this study that also seeks to alter the reliance in adoption and extension 

research on farmer typologies that focus on the speed with which adoption is undertaken 

and the labeling of producers based on an assumption of their personal characteristics (e.g. 

Rogers 2003). Such typologies are destructive to the reputation of producers and do not 

adequately reflect or acknowledge, as previously stated, the socio-cultural reasons as to why 

producers do not adopt an innovation.  

10.4.2 Methodology: Critique and Contributions 

As described in Chapters 8 and 9, data from the Benchmark Survey and the personal 

interviews were analyzed to investigate patterns of similarity between producer perceptions 

of IPM-s tools and their use of worm management tools. Of particular relevance in 

attempting to identify worm management indicators were: a cluster analysis conducted using 
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the interview repertory grid data; a cross-tabulation of relevant data from the Benchmark 

Survey; and qualitative data collected during the personal interviews that allowed coding 

based on a rapid appraisal of interviewees based on the tools they currently use. As the 

methods used to obtain the data for these analyses already have been critiqued in the 

previous sections, this section will mainly concentrate on evaluating how well the 

triangulation of methods used for the study worked to deliver consistent results in the 

context of developing worm management typologies. 

The cluster analysis of the repertory grid data identified four distinct producer management 

groups, with these groups displaying particular characteristics according to their perception 

of the knowledge, skills and practices presented during the interview. The four groups were 

labeled based on the type of management approach they most strongly represented, 

including: 

• Best Practice group, 

• Mixed Methods group, 

• Drench Reliant group, and 

• Test Averse group. 

The cross-tabulations of responses to worm management questions against four  ‘Test 

Groups’, which were based on FEC and drench resistance testing (DRT) practices, also 

identified significant differences between producers. The four test groups included: 

• do Both tests (FEC and DRT), 

• do FEC only, 
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• do DRT only; and 

• do Neither test. 

In general, it was found that producers conducting both FEC and drench resistance tests 

were significantly more likely to be using other ‘best practice’ management practices and 

tools as compared particularly to those producers doing neither test. These results reflect 

those obtained from the cluster analysis by indicating the potential for a similarity between 

produces based on worm management preferences. 

Finally, the rapid appraisal of interviewees based on practices and tools that producers 

indicated they currently used comprised four categories: 

• Modern Methods, 

• Mixed Methods, 

• Traditional approach, and 

• Alternative approach (organic, holistic farming or similar non-drench based). 

A cross-tabulation of these rapid appraisal classifications with the four groups from the 

cluster analysis of repertory grid data found that there were not significant differences 

between the compositions of the groups in the two classification systems. This further 

suggests that indicators based on management preferences have potential to allow for the 

identification of similar groups of producers in relation to worm management. Table 10.1 

summarizes the various classification systems identified in the study and shows how they are 

similar category by category (this table was first presented in Chapter 9). As indicated in 

section 9.3, a cross-tabulation based on the two typologies examined (cluster analysis and 
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rapid appraisal classifications) indicated that while based on a chi-square statistic the 

relationship between the two groups was significant (p< 0.016). A Kappa analysis (Kappa = -

0.64) of the linearity of the relationship indicated, however, that this relationship is no better 

than could occur by chance – in other words, membership of the rapid appraisal 

management style classification does not predict membership of the groups obtained by 

cluster analysis of the ratings of the fifteen elements on the five constructs.  

As stated in section 9.3, the lack of relationship between the group classified by rapid 

appraisal and the cluster-based groups has implications for how producers may be classified 

(or judged) by extension agents or researchers based only on their current practices. As 

also stated, the implication of this, is that in order to fully understand producers, and the 

beliefs, perceptions and personal constructs that influence their actions, and most likely their 

decisions, researchers and extension agents should compile more in-depth profiles of 

producers, using a method such as the repertory grid. The rapid appraisal classification is not 

shown in the table below because, as just discussed, the group do not have any relationship 

to the cluster-based groups. 

Table 10.1. Table comparing typologies based on various data sources from study 

 FEC 
Preferences 

DRT 
Preferences 

Visual 
Assessment 

Non-drench 
related 

management 
preferences 

Likely 
Benchmark 

Survey 
group  

Best 
Practice Regular and often Every 2-3 years Negative 

perception 

Positive 
perceptions for 

all 

Both FEC & 
DRT 

Mixed 
Methods 

Divided between 
Regular and 

Casual 
Every 2-3 years Positive 

perception 

Positive 
perceptions for 

all 

FEC Only, DRT 
Only or Both 

Drench 
Reliant Casual Every 2-3 years 

Neutral to 
Positive 

perception 

Cleaning 
paddocks only 

viewed positively 

FEC Only, DRT 
Only or Both 

Test 
Averse No testing No testing 

Strong 
Positive 

perception 

Cleaning 
paddocks, 

supplementary 
feeding & set 
targets only 

viewed positively 

Neither FEC or 
DRT 
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10.4.3 Empirical and Conceptual Contributions to IPM-s, IPM and extension in 
general 

This study has detailed how personal construct theory, and in particular data from the 

repertory grid, can be used to identify groups of sheep producers with similar perceptions of 

worm management, and IPM-s knowledge, skills and practices. It has also identified potential 

indicators of the different types of worm management approaches employed by sheep 

producers in Victoria and the New England region of NSW. 

At a broader level of integrated management, it has suggested that testing preferences (e.g. 

FEC and DRT) are likely to be early indicators of management approaches.  

At the most general level, this study suggests that whilst the concept of prescriptive portrait-

like farming styles are not necessarily irrelevant in the context of Australian sheep 

producers’ approaches to worm management. Although in this study I have focused on 

identifying indicators of worm management styles, the number of potential indicators 

available suggests that, at least in the context of worm management, there may be some 

merit in developing more detailed management descriptions based on the types of 

knowledge, skills and practices preferred by sheep producers. Further, examining producers’ 

management preferences may provide indications to the self-perception they have of 

themselves as sheep producers (e.g. as a ‘stockman’ or woman, or as a ‘professional’ 

businessman or woman). This self-perception coupled with preferences for KSPs results in a 

relatively descriptive (though not prescriptive) picture of the main different categories of 

sheep producers, in the context of worm management. Given the centrality of worm 

management to parasite management in general, and at a broader level, to farm management, 

for many farmers (as indicated by comments made by interviewees), it does seem possible 

to develop typologies of sheep farmers at least. This finding contrasts with suggestions made 
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by Vanclay et al. (2006), that the farming styles concept is not applicable in the Australian 

context.  

There seems to be a trend back towards using typologies in the extension of agricultural 

innovations (rather than focusing on group-based participatory extension approaches), and is 

reflected currently in research and funding bodies’ interest in marketing professionals as 

agents for extension (e.g. the current Sheep CRC) (see Chapter 5). Whilst on the surface 

marketing approaches utilize sociological methods to investigate their targets’ preferences 

and use these to identify ‘market segments’ (or in this case ‘adopter segments’ (Sneddon & 

Barnett 2006)), there is a long history of marketing that has failed to increase the adoption 

rate of agricultural innovations. The question should hence be asked – why is this so? 

Although this thesis is not designed specifically to answer this question, my observation 

would be that the methods used by marketers are relatively basic (or superficial) in terms of 

what they seek to elicit from their target audience. They seek to examine socio-economic 

variables, which do not include necessarily the rich socio-cultural aspects of decision-making. 

Further, as indicated in previous chapter of this thesis, some of the variables being 

investigated, whilst potentially indicating what are the important adoption factors (e.g. 

information), they do not identify why or how these factors are important (e.g. see the 

discussion of IWM above). Finally, marketers’ methodological framework for extension is 

typically based on that of Rogers (2003) (see Sneddon and Barnett (2006) for instance), 

which has some fundamental flaws – one of which is the segmentation of producers based 

on the speed with which they adopt innovations. Further, I find many of Rogers’ 

generalizations regarding the characteristics of ‘innovative’ or ‘laggard adopters’, flawed. 

Typologies such as Rogers’ take little account of the socio-cultural and psychological reasons 

for adoption (although they claim to take account of psychological and socio-economic 

reasons). As pointed out by Kelly (2001) the reasons for adopting (or rejecting) one 
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innovation may be completely different to the reasons for adopting (or rejecting) another. 

Not all innovations suit each producer’s situation, and for one innovation, a producer might 

be labeled an ‘innovator’, and for another, ‘a laggard’. The other flaw relates to the idea of 

the diffusion of innovations, which, does not accurately reflect the reality of how knowledge 

is passed amongst producers, particularly in the western world. Proponents of Rogers’ 

approach have now added a ‘chasm’ to the innovators-laggard typology (Barnett 2007), 

which is designed to indicate that innovators and laggards do not necessarily mingle. It 

further indicates that innovators and laggards (polar opposites in Rogers’ typology) do not 

necessarily respect and trust the other, a situation which does not result in the top-down 

diffusion of innovations from innovators to laggards. This new aspect to Rogers’ work 

indicates that producers are much more sensitive to their socio-cultural situation and 

background than is given credit for by extension models such as Rogers. It is at this point 

that it becomes clear, that the idea of having trusted intermediaries (Lees et al. 2006; 

Synapse Consulting Pty Ltd 1998), or the greater use of commercial demonstration farms 

(or partnerships) as suggested by Crawford (2007), or through partnerships, as suggested by 

Keen and Stocklmayer (1999), could be of benefit to agricultural extension. 

The resultant typologies in the context of this study, whilst not prescriptive, can help identify 

how best to develop agricultural innovations more appropriate and relevant to producers 

with different management preferences. Further, these typologies could also indicate early in 

the research and development phase, areas in need of further research, or areas and 

innovations, which are not likely to be acceptable or easily marketed to producers. For 

instance, as pointed out elsewhere in this chapter (section 10.3.3.1), there are several KSPs 

recommended through the IPM-s project that, based on issues of self-identity and the sense 

of comfort and control over worm management, may not be readily adopted by sheep 

producers. These include FEC testing, DRT, formal weighing and condition scoring, selecting 

EBV-tested rams, and formal record keeping. Most of these are fundamental to a 



- 397 - 

monitoring-based, iterative, flexible management approach such as integrated parasite 

management.  

FEC testing in particular is a clear example where extension has failed to result in adequate 

adoption, despite the efforts put into it. Although the 2004 Benchmark Survey (Reeve & 

Thompson 2005) reported the adoption rate for FEC testing at around 45 per cent, 

subsequent consultations with professionals in DPI NSW (Stephen Love, personal 

communication, August 2007) and on the IPM project (Col Scrivener, personal 

communication, 2005) indicated that this figure was about three times higher than reported 

in several other studies. The high figure in the benchmark survey could be symptomatic of 

the wording chosen, which asked producers if they had ever done a FEC test, not whether 

they used it routinely or how they used it. A large part of the failure of FEC to be well-

adopted, could be found in the lack of attention as to how FEC testing takes control away 

from the producer (see section 10.3.3.1). Further, the promotion of FEC as a tool to replace 

more unreliable methods of estimating sheep worm burdens (such as experience and visual 

assessment) could challenge producers’ self-identify. This is particularly so for producers 

with a self-perception heavily embedded in the ‘stockman’ mythology (i.e. no need for 

external methods, advice, and in particular, not science!). Greater sensitivity to these issues 

could help with improving the adoption of FEC testing in the future as part of the IPM-s 

program.  

The challenge for extension of the IPM-s program hence becomes how to represent these 

KSPs to producers in such a way that their self-identity and management control and 

comfortare not directly challenged. This is especially relevant where KSPs results, or are 

perceived to result, in the producers’ (and his or her forbearers’) years of experience and 

local knowledge being either ignored, or labeled as erroneous.  As stated by Joffe (1996; 

2003), most people rely on both individual and social group objectification to represent 
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‘hazards’ (or risks) in such a way that their self-identity is protected. Joffe (1996; 2003) also 

noted, in the context of social representations theory, that symbolism and emotion play a 

large part in risk perception and that the representation of a risk is vital to the way it is 

perceived by both individuals and social groups. Related to this issue of representation, is the 

potential for groups of producers to be more influenced by a local, trusted intermediary 

who would likely understand the socio-cultural dynamics of particular producer groups in 

their region. I refer the reader back to section 10.2.3.1 for a discussion about trusted 

intermediaries. 

Given, as stated in Chapter 2, that extension theory is today focused on acknowledging and 

valuing local knowledge (Flora 1992; Glyde & Vanclay 1996; Kloppenburg 1991; Pannell et al. 

2006; Vanclay 2002; Vanclay 2004), and the preoccupation also with examining and 

understanding the socio-cultural and psychological aspects of adoption, this study can 

contribute meaningfully in several ways. Firstly, it contributes to the debate about the value 

of qualitative frameworks for decision-making and adoption as compared to using 

quantitative frameworks based on logical choice models – such as decision analysis. As part 

of this debate, this research has shown that it is possible to identify both overarching and 

subordinate socio-cultural and psychological factors influencing perceptions of worm 

management KSPs (i.e. uncertainty, sense of comfort and control over management, and self-

identity are the overarching factors). Secondly, it offers empirical evidence detailing the 

qualitative factors likely to affect the extension and adoption of the IPM-s project, as well as 

the specific KSPs for which these factors are likely to prove most problematic. 

Recommendations and implications of the research findings for the extension of the IPM-s 

project are outlined in Chapter 11. 
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11.1 Restatement of Thesis Goals 

This thesis has formed part of the socio-economic component of the Australia-wide 

Integrated Parasite Management in sheep (IPM-s) Project funded by Australian Wool 

Innovations, Ltd. As detailed in Chapter 1, the socio-economic program comprised two main 

components 1. a benchmark survey, and 2. interviews with sheep producers in order to 

examine potential risks and barriers to adoption associated with the implementation of an 

IPM program.  

Component one of the socio-economic program, the benchmark survey, was conducted first 

and achieved the desired outcomes. These outcomes included the identification of a set of 

indicators for parasite management that could be used in other, longitudinal, surveys to 

measure changes in parasite management amongst Australian sheep producers over time. 

Further, these indicators can also be used to measure the impact, if any, that the IPM-s 

project has had on these changes in parasite management. It has also provided a valuable 

snapshot of the practices currently employed by Australian sheep producers to manage both 

internal and external parasites of sheep. 
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Component two of the socio-economic program, which has formed the basis for the 

majority of this thesis, has also, I believe attained the goals set for it. These goals, were 

posed as research questions in Chapter 1. They are presented again here.  

• Are logical choice models of decision-making useful representations of the decision-

making process that producers can apply in a practical manner? 

• How can research into the adoption & extension of agricultural innovations benefit 

from a qualitative understanding of the psychological & socio-cultural aspects of 

decision-making? 

• Are personal construct theory and the repertory grid technique a useful methodology 

for investigating the psychological and socio-cultural aspects of agricultural adoption 

and extension?  

• What factors might impact upon the adoption of integrated parasite management for 

the control of worms in sheep, and what might be the variation in these factors across 

the population of sheep producers in south east Australia? This includes understanding 

the differences between researchers and producers in beliefs as to what knowledge 

and skills are required for competent management of parasites in sheep. 

A literature review was conducted into three areas that have an impact on helping to 

answer the above questions for the IPM-s project. These three areas included: 

1. adoption and extension industry in Australia and overseas (Chapter 2);  

2. a history of integrated management approaches in Australia and overseas, including 

integrated pest management and integrated parasite management (Chapter 3); and  
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3. an outline of decision-making models typically used in the field of Agricultural 

economics to identify and quantify risk, as well as an examination of alternative, 

qualitative approaches to identifying factors that impact on decision-making (Chapter 

4).  

It became evident through the review of the literature outlined above, that there were three 

major themes relevant to examining adoption and extension for the IPM-s project. These 

themes are outlined below.  

• Theme one involves the Research and Development process. It focuses on the 

potential differences in perceptions and expectations that may occur between 

researchers and producers, including the possible basis of these differences and the 

impact these could have on the choice of research questions and solutions, as well as 

the impacts on adoption and extension.  

• Theme two concerns the decision-making process at the producer level and relates to 

both extension and adoption. In particular, this theme is concerned with the 

influences on producers’ decision-making that are not captured by the hierarchical 

decision-making models most frequently employed in agricultural economics.  

• Finally, theme three revisits the work of van der Ploeg (1994) and Vanclay (Vanclay et 

al. 1998) and the idea that Farming Styles, or at least indicators of management styles, 

can be used to identify broad categories of farm management with the intention of 

targeting extension to accommodate the different management styles utilised by 

producers.  

This chapter will detail the conclusions and recommendations reached based on the findings 

of this research. Section 11.2 will provide a summary of the methodology, including 
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problems encountered. Section 11.3 will summarise the main conclusions and indicate where 

my findings fill gaps in existing knowledge, or where they are consistent with, or support, 

conclusions reached, and recommendations made, by other researchers. Finally, in section 

11.4, I will outline a list of recommendations specifically related to the IPM-s project. 

11.2 Summary of Methodological Benefits & Drawbacks 

As stated in Chapter 6, this study focuses on the psychological and socio-cultural influences 

of producers’ decision-making. As such, the methods necessarily involve both quantitative 

and qualitative techniques, which has enabled a certain degree of triangulation in the 

methodology.  

In order to accomplish the goals detailed in section 11.1 above, three main methods were 

used, and these allowed both qualitative and quantitative analysis. These include: 

• a modified Delphi process with the IPM-s researchers; 

• focus groups with sheep producers in Victoria and New South Wales (NSW); and 

• personal interviews based on a repertory grid format with sheep producers in Victoria 

and NSW. The main interview method is based on personal construct theory, a sub-

theory in the field of the psychology of personality. 

As with any methodology, there are both advantages and disadvantages to the methods 

chosen and the implementation of these methods. A brief outline is provided below of the 

findings in applying the chosen methods to the research questions set out in the previous 

section. 
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11.2.1 Delphi Process 

The main advantages of the Delphi process lay in the ability to conduct several rounds of 

questions in a relatively short time-frame. Further, as e-mail was employed as the main form 

of communication, any issues related to time for travel and meetings, especially given the 

large geographical distances between the research teams and myself, were overcome.  

A disadvantage of the Delphi process, as employed for this study, related to the inability to 

combine it with a focus group with the researchers following the first two e-mail rounds of 

questions. This however is not a problem specific to the Delphi technique, but rather due to 

time and distance constraints on the researchers and myself.  Despite regarding this as a 

drawback, fortunately for this project, I had access to the lead research team at the 

University of New England, and the Delphi process coincided with the release of material 

intended for an IPM-s web site. This website contains specific information relating to the 

researchers expectations about the knowledge, skills and practices sheep producers may 

require to implement an IPM system on their property. 

Overall, I would argue that the level of detail obtained through the Delphi process is an 

indication of the method’s success. It is also testimony to the potential of this method for 

communicating with researchers, particularly when time and distance (and possibly costs 

associated with travel) are considerations. As indicated above, however, I would recommend 

that other studies attempt to hold a focus group with participants in order to verify and 

elaborate on the responses obtained via e-mail.  

11.2.2 Producer Focus Groups 

As stated in chapter 10, the focus groups with sheep producers were successful in gathering 

lists of the knowledge, skills, and practices producers used, or knew were needed, for 

parasite management. The focus group process also enabled the gathering of comparative 
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information relating to the researchers’ expectations, as producers were able to review the 

condensed list created through the Delphi process and comment on the content. Finally, the 

process allowed a comparison of the knowledge approaches taken by researchers and 

producers through a categorization and analysis of the types of knowledge, skills and 

practices each group mentioned. 

The focus group process worked well with producers, as evidenced by the large amounts of 

useful information obtained. Although a benefit of the focus group is that it encourages 

dialogue between participants, and exposes participants to viewpoints other than their own, 

a downside is the potential for social desirability bias. The latter occurs when people say 

what they think others expect them to in order to present themselves in the best possible 

light. This bias was somewhat negated in the current process as producers were in the first 

instance asked to provide input anonymously by writing individual comments on pieces of 

paper, which the group then discussed. Hence, group discussion was based on the initial, 

anonymous comments. 

Another problem that occurred was confined primarily to the first group. This problem 

related to the materials used. The focus groups were originally designed around using 

butcher’s paper and pens to enable quick scribing of comments that were visible by all 

participants. However, the unheated venue (and the accompanying condensation on the 

walls) rendered this technique somewhat useless and the final three focus groups employed 

a computer, with the display projected onto a wall or screen. Producers were not at all put 

off by the use of a computer and this technique was in fact less distracting in the end than 

having to fiddle with paper and pens.  

A further problem, encountered in the New England Region only, was the timing of the 

focus groups. The first group in Glenn Innes happened to coincide with sale day, and this had 
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an impact on attendance levels. The variety of participants present was however, not 

affected. The second focus group in the New England region avoided this pitfall. It was a 

salutary lesson however in being aware of off-farm commitments, such as sales or other 

group meetings, that could impact on attendance. Having a schedule of sales and local group 

activities is identified as a vital part of planning group meetings and individual interviews 

(although the personal interviews were not impacted by this due to the long time frame 

within which interviews were conducted). 

As indicated in Chapter 10, I do not believe that there were any major problems arising 

from the methodology chosen. The focus group format seemed to suit both the participants 

and myself, and based on the level and quality of participation, it would appear that the 

method was effective.  

11.2.3 Personal Interviews 

Most producers completed the repertory grid successfully, although the process seemed 

more difficult for those who were practical rather than conceptual thinkers (i.e. those who 

could not provide an opinion on something unless they were actually using it). This seemed 

particularly to be the case for older producers interviewed. As described in Chapters 8 

(section 8.2.1) and 10 (section 10.2.2.3), there were issues of non-response for some of the 

producers using alternative, holistic management practices, with several of these 

interviewees unable to comment on some of the drench-related questions since it was not 

relevant to their current operation. The repertory grid interview also appeared to be 

problematic for a small number of producers who did not feel comfortable with the idea of 

being ‘pigeon-holed’ by their ratings, and these people struggled on occasion to give a 

polarised answer, opting instead for a neutral rating or a zero (not applicable). 
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As explained in chapter 6, a common practice when using the repertory grid technique is to 

elicit constructs from the interviewee in order to better understand their way of thinking. 

Using this process of elicitation typically requires several hours of interviewing time with the 

person being interviewed. The lack of time taken for the elicitation of constructs in this 

study was not detrimental to the outcomes of the interviews, since most producers found 

the procedure confusing and frustrating. This was one of the benefits of using standardized 

constructs. A drawback to having fewer producer constructs, is of course, that the 

producers’ authentic voice is lost, or reduced. However, as stated in Chapter 10, care was 

taken during the interview process to ensure that the supplied constructs were validated as 

being understood by, and meaningful to, producers. 

Despite some of the problems related to using the repertory grid, the outcome of the 

interviews was positive, and has provided meaningful results for the purposes of this study. 

As stated in Chapter 10, the use of PCT and the repertory grid in this study has 

demonstrated that PCT and the repertory grid can be successfully and meaningfully 

implemented for the purposes of identifying the factors affecting decision-making for 

agricultural innovations. Further, it has been shown that PCT and the repertory grid do not 

have to be used in conjunction with other theories to produce meaningful results for 

research into the adoption of agricultural innovations and the implications for extension. 

In the following section I will summarise the findings made as a result of the four questions 

used for this research. 

11.3 Summary of Results 

This study has provided insight into Australian sheep producers’ perceptions of worm 

management knowledge, skills and practices, as well as a glimpse of the personal construct 

system used to influence and organise these perceptions. The findings from this research 
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also indicate that there is a connection between producers’ perceptions and personal 

constructs and, that there exist several over-arching factors that impact on decision-making 

for the adoption of agricultural innovations, and specifically, worm parasite management. 

These factors include uncertainty, self-identity and management control and comfort. 

Feeding into these key overarching factors, are other factors, such as preferences for types 

and sources of knowledge, productivity and financial benefit. I argue, based on the results of 

this research, that the influence of the factors relating to knowledge, and the three 

overarching factors, can determine, from a socio-cultural and psychological perspective, the 

adoption of knowledge, skills and practices by a producer.  

Further, the findings of this study suggest that the summation, or detailing, of these factors 

for decision-making, along with producers’ personal constructs and perceptions, enables the 

development of broad typologies that identify indicators of worm management styles. I 

conclude that the identification of management style indicators can provide some utility to 

researchers and extension officers in identifying problems, and the solutions to these 

problems, in a way that is relevant to producers. The interrelationship between the various 

aspects of producers’ personal constructs, knowledge preferences and management 

preferences are presented in Figure 11.1 below (this figure was also presented in chapter 

10). 
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Figure 11.1. Interrelationship between factors influencing producer decision-making 

11.3.1 Summary of Major Findings 

11.3.1.1 IPM-S 

The contribution of this research to IPM-s is obviously contained in the identification of 

those IPM-s tools and practices that are likely to cause the greatest challenge to producers’ 

current management approaches. As indicated above, it is particularly the knowledge, skills 

and practices not related to drenching that producers are most uncertain about. The findings 

of this study have also highlighted the role of self-identity, in affecting producer’s uptake of 

an innovation or change in practice. In relation to IPM-s IPM-s this specifically impacts on the 
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use, and frequency of use, of monitoring tools such as FEC testing, but also includes weighing 

of sheep and the formal recording of monitoring results. 

11.3.1.2 OTHER IPM (PEST OR PARASITE) 

In terms of other integrated management systems, this study has identified problems that 

producers in other industries, particularly livestock, may have with management approaches 

requiring monitoring and record keeping. Further, it can be argued that the factors of self-

identity, control/comfort with management, and uncertainty as factors affecting the adoption 

of agricultural innovations, are likely to apply to many Australian producers, but perhaps 

graziers in particular.  

The results of this research indicate that the use of a complex array of tools for 

management, such as IPM-s and IPM (pest or parasite) is more daunting than a single-solution 

approach (i.e. the use of chemicals to control pests or parasites). This is particularly true as 

new and complex knowledge, skills and practices can challenge current management 

practices, and the belief of many producers in the use of procedural knowledge rather than 

conceptual, as described in section 10.2. As indicated above, complex management systems 

may also present problems with regards to self-identity, uncertainty and comfort and control 

over management. 

11.3.1.3 ADOPTION & EXTENSION IN GENERAL 

Finally, at the level of adoption and extension theory and practice in general, this study has 

sought to increase the understanding of how personal construct theory and the repertory 

grid technique can be used to identify producer perceptions about farming tools and 

practices. The findings also identify the potential role of uncertainty, a sense of comfort and 

control over management, and self-identity in affecting adoption decisions. Further, the 

identification of the preferences for different types of knowledge by producers and 
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researchers has suggested that these differences can have an impact on adoption. These 

differences also can have an impact on the early stages of research and development into 

agricultural innovations (or other programs), such as agenda setting and the selection of 

research strategies. Finally, it is argued that the preference for different types of knowledge 

can impact on communication, both during the research and development phases and during 

the extension and adoption phase. 

The following section will detail how these results are novel in the field, or are consistent 

with, or support other, similar, research findings about agricultural adoption and extension.  

11.3.2 Novel Contributions Made by the Findings of This Research 

Although the adoption and extension of agricultural innovations has received much attention 

in research, this thesis is still able to make a novel contribution to the discipline. This 

contribution is not broad, but is specific to the IPM-s project.  

The findings arising out of this research make a contribution to understanding the potential 

‘barriers to adoption’ (to use a traditional extension phrase) in several ways, as outlined 

below. 

11.3.2.1 DIFFERENCES IN KNOWLEDGE PREFERENCES 

Firstly, this study has identified key differences in the knowledge preferences between 

researchers and sheep producers that have can have impact on the extension, and 

subsequently, the adoption, of IPM-s. Specifically, researchers have been identified as 

preferring a mix of conceptual and procedural knowledge, as well as having relatively firm 

ideas about the disposition attributes producers need to implement IPM-s. There is potential 

for these knowledge preferences to have an impact on extension and adoption, as well as in 

the setting of the research agenda. This impact is most likely to result in the design of 

extension approaches and material that are not appropriate for producers learning 
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preferences, and may not be contextually appealing.  Producers on the other hand are much 

more concerned with procedural and practical knowledge. This has potential impact on the 

willingness of producers to undertake learning of conceptual knowledge, where this type of 

knowledge is not represented to producers appropriately and contextually. Further, most 

producers prefer knowledge that is derived from themselves or trusted employees – not 

from external sources. This has the potential for impact on the extension and adoption of 

IPM-s components (knowledge, skills and practices) that rely on outside information, 

intervention and advice. Components affected by this include FEC testing; drench resistance 

testing; and the selection of EBV-tested rams. As described by Wynne (1989), the 

possibilities for poor communication due to different approaches to knowledge are high, as 

is the resultant lack of trust between the two parties where communication breaks down. 

11.3.2.2 IPM-S PRACTICES FOR WHICH ADOPTION MAY PROVE PROBLEMATIC 

Secondly, this project has identified specific practices recommended for an IPM approach to 

parasite management that the program is likely to have difficulty in achieving high rates of 

adoption. This applies most notably to those practices not related to drenching, except in 

the case of FEC testing, which has specific attributes discussed elsewhere in this thesis that 

make adoption problematic. The non-drench related practices include the weighing of sheep, 

setting and monitoring targets for weights and condition scores, keeping written records of 

this monitoring, as well as keeping written paddock histories for the purpose of worm 

management. These are vitally important component to IPM-s program, since integrated 

management approaches are fundamentally based on the ability of the producer to monitor 

and notice and respond to changes arising out of monitoring. Other components of the IPM-

s program likely to encounter adoption difficulties include the selection of EBV-tested rams 

and the use of supplementary feeding to management worms. The former tool is affected by 

several factors, including a lack of trust in the science behind the heritability of the worm 

resistance trait, and the low priority worm resistance occupies on many producers list of 
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characteristics for selecting a stud ram. The latter practice, supplementary feeding, is 

problematic, simply because producers are unsure of how it can contribute to worm 

management. I observed however, that discussion of supplementary feeding in the context of 

worm management during the personal interviews resulted in many producers agreeing that 

they could see some potential benefit. They still however, maintained the need for further, 

concrete, evidence of its utility for this purpose. Producers are simply too used to viewing 

supplementary feeding as a winter top-up, or a means for increasing production. The need 

to represent supplementary feeding in a different light for IPM-s purposes is obvious.  

11.3.2.3 SPECIFIC PSYCHOLOGICAL AND SOCIO-CULTURAL FACTORS AFFECTING PERCEPTIONS 
OF IPM-S PRACTICES 

Thirdly, this study has highlighted the importance of producers’ personal constructs to 

decision-making and the adoption of agricultural innovations. Specifically, this research has 

found several, key, overarching factors that affect producer perceptions of worm 

management tools. These include comfort/control over management, uncertainty (related 

particularly to understanding and management rather than risk), and self-identity. Other 

factors impacting on perception included types and sources of knowledge – see Figure 11.1 

for how these factors are related and have their foundation in personal constructs. The 

study has suggested that these qualitative factors are just as important, if not more 

important, to decision-making for adoption than the factors typically accounted for in logical-

choice models of decision-making. Logical choice models include factors such as risk 

probabilities (which are assumed to be founded on the ‘black box’ of socio-cultural and 

psychological factors teased out in this study); and estimations of subjective expected utility 

(again founded on these factors, plus those relating more specifically to financial and 

production aspects of sheep production). However, as found by Llewellyn et al. (2007) in 

their examination of integrated weed management (IWM) (see discussion in section 10.3.3.1) 

despite investigating socio-economic factors associated with IWM adoption, and despite the 
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large amount of information available to producers, adoption rates were still low. This 

suggests several possibilities regarding the model used and choice of factors under 

investigation.  

This includes the possibility that the factors under examination are not the right ones, 

and/or that they are being investigated too narrowly. It should be noted that logical choice 

models, and Rogers’ diffusion model of extension, investigate socio-economic factors, not 

socio-cultural, thus missing the cultural aspects influencing decision-making. As this study has 

shown, cultural influences can play quite an important role in producers’ self-identity, and 

can also affect the choice of knowledge utilized. Further, as pointed out by Elsey and 

Sirichoti (2001), the perceptions examined using logical choice models, and by Roger’s 

diffusion model of extension, are confined to benefits and needs. These perceptions do not 

cover the broad range of other psychological and socio-cultural factors impacting on 

decision-making. 

11.3.2.4 SUMMARY OF CONTRIBUTIONS SPECIFIC TO IPM-S 

Overall, the findings of this research have demonstrated that examining the ‘black box’ of 

decision-making can reveal valuable information to both producers and researchers (and 

extension officers), which can be harnessed to improve extension and adoption. It should be 

reiterated, that, as stated elsewhere in this thesis, the repertory grid process and PCT can 

be change agents in and of themselves, making them an effective extension tool. Extension 

approaches and material can be improved also through a better understanding of these 

psychological and socio-cultural aspects of decision-making. 

11.3.3 Consistencies Between the Findings of This Research and the 
Findings of Other Research about Agricultural Extension & Adoption 

There are several findings resulting from this research that are consisten with and support 

findings of other studies about the adoption of agricultural extension and adoption. Although 
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no other studies have been conducted into the extension and adoption of integrated parasite 

management for sheep, the findings from this research can be related to more general 

research into agricultural extension and adoption. This applies also to literature about the 

extension and adoption of other integrated parasite management approaches for other 

agricultural sectors – such as integrated pest management, and integrated weed 

management. The aim of this section is to broadly outline where the findings arising from 

this research are consistent with other extension and adoption literature. 

11.3.3.1 ADOPTION, EXTENSION & COMPLEX FARMING SYSTEMS 

Integrated parasite management is a complex management approach. It is complex for 

several reasons, including the biology and epidemiology of the sheep and parasites, and the 

relationship of the parasite and host to the natural environment in which they live and are 

managed. Further, IPM requires the use of more than one management practice, such as a 

drench-based system. It requires the ability to manage several systems at one, including 

chemical control, pasture management, stock rotation, supplementary feeding etc. Finally, 

IPM is complex due to the economic impacts, and the psychological and socio-cultural 

perceptions that producers bring to their assessment of the approach. 

As detailed by Lindner (1987) and reiterated by Pannell (1997) in relation to natural 

resource management issues, which are typically considered complex, the decision to adopt 

has been found to be influenced by producers’ ‘self interest’. Pannell defined self-interest as 

including, the farmer’s “...objectives related to risk, leisure and environmental protection” 

(Pannell 1997, p. 2), as well as profit  objectives. Many authors have written about the need, 

particularly in relation to the management of natural resources, to lend greater credence to 

the psychological and socio-cultural aspects of producer decision-making (Carr 1995; Flora 

1992; Francis et al. 1988; Gupta & Pal 1997; Ison & Russell 2000; John et al. 1997; 

Kloppenburg 1991; Kroma 2001; Lindner 1987; Millar & Curtis 1997; Okoye 1998; 
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Parminter et al. 2003; Röling 1996; Vanclay 2002; Vanclay 2004; Vanclay & Lawrence 1993; 

Winarto 2004).  

The main way in which this concern with the socio-cultural aspects of decision-making, and 

learning, has been expressed, is through research into farmer learning (Crawford et al. 2007; 

Dick 1997; Dunn et al. 1996; Freeman 1993; Fulton et al. 2003; Gupta 1992; Kilpatrick & 

Rosenblatt 1998; Miller 2002; Sulaiman 2000), and more particularly, through the promotion 

and development of group learning for extension purposes (Ban & Hawkins 1996; Black 

2000; Botha 1996; Botha & Treurnicht 1997; Boxelaar et al. 2007; Chambers et al. 1989; 

Chowdhury & Gilbert 1996; Das Gupta & Mukhopadhyay 1997; Dunn et al. 1996; Etienne 

1999; Fleischer et al. 2002; Francis et al. 1990; Gerber 1992; Hagmann et al. 1996; Ison & 

Ampt 1992; Jennings 2005; John et al. 1997; Keen & Stocklmayer 1999; Kelly 2001; Marsh & 

Pannell 1999; Millar & Curtis 1997; Mwebesa 1999; Packham 2001; Röling 1996; Woods et al. 

1993). The latter, typically has a large component of Action Learning and Action Research 

approaches (Keen & Stocklmayer 1999). 

I would argue that the findings of this research support research, and theories, suggesting 

that psychological and socio-cultural factors are important to extension and adoption, but 

particularly to innovations or programs that are viewed as complex, such as IPM. Specifically, 

these factors are crucial to understanding learning approaches and preferences, as well as 

understanding some of the main qualitative influences on decision-making, such as comfort 

and control over management, and self-identity. 

11.3.3.2 INCREASED PRODUCER PARTICIPATION IN EXTENSION & RESEARCH 

In conjunction with the increased acknowledgement of the importance of psychological and 

socio-cultural factors to extension and adoption, is increased awareness that producers need 

to be more meaningfully included in research, as well as extension. The trend away from 
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accepting a top-down extension and research model based on the superiority of scientific 

knowledge, has resulted in recognition of the validity of local, or indigenous, knowledge held 

by producers (Flora 1992; Kloppenburg 1991; Kroma 2001; Röling 1996) and the value of 

involving them in research and extension phases of agricultural innovations.  

There are various reasons why participatory models can be effective, however those reasons 

which the findings of this thesis support relate to the three overarching factors affecting 

decision-making. These include uncertainty, management control and comfort, and self-

identity. Producer involvement at the early stage of research design can potentially reduce 

the uncertainty surrounding the relevance of research and resulting innovations to 

producers’ situation and management approach. By approaching research (and later 

extension) in ways that help producers maintain control, and a sense of comfort, over parts 

of the research and the innovations, this also can have an impact on the way in which the 

innovation is received. As social representations theory would suggest, the way in which an 

object, risk, or practice is represented to oneself and one’s social group is highly influential 

on perceptions about that object, risk or practice (Joffe 1996; Joffe 2003).  

Finally, agricultural research and extension that are not sensitive to producers’ self-identity 

may suffer from low adoption. As explained in various sections throughout this thesis (see 

chapters 8 and 10 in particular), self-identity was found to be important to perceptions of 

IPM-s practices, particularly when these challenged those who consider themselves 

‘stockmen’. Again, meaningful, and early, involvement of producers in research and extension 

could identify issues related to self-identity that could result in poor adoption. 

11.3.3.3 PRODUCER LEARNING & KNOWLEDGE BELIEFS 

As stated above in relation to increased producer participation, the latter has been 

encouraged based on a move away from top-down extension and research models that 
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ignore producer knowledge and experience, to those that value and encourage learning by 

both producers and researchers. This is particularly to be seen in Action Learning and 

Action Research approaches to extension and research.  The relationship however between 

participation and learning is not straightforward. 

Kilpatrick and others (Kilpatrick 1996; Kilpatrick 2000; Kilpatrick & Johns 2003; Kilpatrick & 

Rosenblatt 1998) have conducted research indicating that producers learn in particular ways, 

and that their perception as to what knowledge is required can be different to what 

professionals believe they should be learning. This thesis contributes empirical evidence of 

the different beliefs in and use of knowledge types held by producers and researchers (at 

least in the context of IPM-s). Producers tend to prefer procedural (practical and strategic) 

knowledge, while researchers prefer conceptual knowledge, but are also quite concerned 

with procedural knowledge and the dispositional attributes of producers (e.g. open-

mindedness as an attribute). These results support research conducted by Eshuis and Stuiver 

(2005) in the dairy industry in The Netherlands. Eshuis and Stuiver’s (2005) work indicated 

that differences between farmer knowledge and scientific knowledge caused conflict, which 

subsequently resulted in a break-down in communication and learning by both groups. These 

authors also emphasized the importance of contextualizing, and appropriately representing, 

research and innovations, to farmers in particular (Eshuis & Stuiver 2005).  

11.3.3.4 THE NEED FOR INTERMEDIARIES 

The above comments regarding participatory extension and research; and the divergent 

knowledge preferences between producers and researchers suggest the need for 

approaches to research and extension that involve intermediaries who can facilitate 

communication between stakeholders (Lees et al. 2006; Synapse Consulting Pty Ltd 1998). 

Several authors have, in the last fifteen years examined the ability of community or 

participatory research and extension to improve adoption rates (Woods et al. 1993). What 
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these researchers have found is that groups, and research project have benefited from, or 

could benefit from an intermediary.  

Lees et al. (Lees et al. 2006) have referred to this type of go-between as a ‘trusted 

intermediary’. This is essentially a person in a farming community who is respected and 

trusted by local producers to the extent that they can be independently employed as part of 

research or extension programs to facilitate communication, participation and learning 

amongst stakeholders. Crawford et al. (2007), has also suggested that the use of farms as 

part of research in a ‘partnership’ approach could also have benefits typically associated with 

trialing, but which also generate on-farm learning and trust between researchers and 

producers.  

Although it is not possible for me to demonstrate the benefit of partnership approaches or 

the value of trusted intermediaries, I can argue that, given the differences found in this study 

between producers’ and researchers’ preferences for knowledge, such approaches have 

potential value to extension and adoption. Further research is required to validate the 

benefit of these approaches, and the differences found in this study. 

11.3.3.5 EXTENSION AND ADOPTION FOR OTHER INTEGRATED MANAGEMENT APPROACHES 

Although the trend to integrated parasite management in the sheep industry has been made 

only recently, integrated pest/parasite management principles have existed for many decades. 

They have tended to have been primarily adopted in the cropping or horticultural industries. 

There are examples of IPM in livestock industries, but these are less common. IPM has been 

adopted most prominently in the past by the cotton industry, however is is also a growing 

trend in the Australian grain industry – where concern is specifically focused on integrated 

weed management. Despite the different names, the principles for IP(est)M, IP(arasite)M and 

IW(eed)M, are the same. These principles, as outlined in Chapter 3, include the adoption of 
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monitoring strategies, the use of non-chemical management practices, and a sound 

understanding of parasite (or pest), and host epidemiology. Flexibility and responsiveness in 

management are also key aspects of successful IPM. It has been acknowledged in the case 

IWM, that adoption has been low, while adoption in Australia of IPM by the cotton industry 

has been high – this is due in the case of cotton, to some extent, of the financial ability of 

cotton growers to employ consultants (typically qualified agronomists) to control pest 

management and keep up-to-date with research. This approach is not possible for many of 

Australia’s less profitable agricultural industries – requiring therefore appropriate extension 

in order to encourage ‘up-skilling’ in those industries. There is no applicable research on 

extension and adoption for IPM-sheep in Australia, nor for the USA – even though IPM 

programs have been operating for several years in that country. 

Whilst there has been much research into the biological aspects of IPM, and the knowledge, 

skill and practices needed by the various industries, there has been very little research into 

the success of extension programs. As discussed in Section 10.3.3.1., studies into integrated 

weed management have shown that just having a large amount of information available to 

producers is not enough to assure adoption. As also stated in Chapter 10, the low rates of 

adoption for IWM suggest that the plethora of information available is not meeting the needs 

of producers, nor their preference for types and sources of knowledge. Further, it could be 

argued that the utilization of the ‘diffusion of innovations’ concept alluded to by the 

terminology used in the Llewellyn study, is also hampering adoption. The findings of this 

study would suggest that the use of a partnership approach to trailing IWM or the 

development of a trusted intermediary program may be of benefit to IWM. This is a specific 

example of how this research can contribute to improving extension and adoption for 

integrated parasite management approaches. Further, research into the adoption of IPM by 

tropical fruit tree growers in Thailand has suggested that the “mediating role of agricultural 

extension workers” (Elsey & Sirichoti 2001, p. 1) was important to the relatively high 
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adoption rates. This again supports the idea, as I do in this study, that the partnerships and 

trusted intermediary approaches to extension have great potential for improving adoption 

rates. 

Having now discussed the main areas in which the findings of this study support or are 

consistent with other research related to the extension and adoption of agricultural 

innovations, I will now detail recommendations in the section below. The recommendations 

are confined to the IPM-s project. 

11.4 Recommendations 

Recommendations arising from this study relate separately to the methodology and the 

general findings. These recommendations will be described in more detail below. 

In the context of IPM-s I would argue that there is a need to further explore producers 

perceptions of IPM knowledge, skills and practices. In talking about perceptions, I am not 

referring to those typically examined through a diffusion of innovations approach. This type 

of approach typically only considers socio-economic and psychological perceptions as they 

relate to benefits and needs. Rather, I refer to more general perceptions, which should also 

include attempting to ascertain the producer’s self-identity, and the management approaches 

that give him or her a sense of control and comfort over their management. 

I also recommend that the IPM-s project spend more time investigating the ways in which 

the differences between producer and researcher preferences for knowledge can be 

overcome, or at least mediated. A broader study of a larger number of producers is 

required to gain a meaningful and replicable understanding of producers’ preferences for 

sources and types of knowledge. With respect to reaching a better understanding between 

producers and researchers, I would also recommend that a trusted intermediary program is 
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established. This program would require identifying in the relevant regions, those producers 

who are trusted by the relatively different categories of producers that comprise the sheep 

production community. By this I mean that a producer who has one management approach, 

will not be a suitable trusted intermediary for producers with very different management 

approaches.  

I would argue that the classifications of producers based on the cluster analysis (see chapters 

8 and 9), or at least indicators of worm management styles identified, be used as a starting 

point for identifying the different, broad, parasite management approaches in each region. 

Once these have been identified, a trusted intermediary from each group should be selected 

to aid with extension in that region. It is quite possible that some of the producers whose 

farms were used for demonstration purposes may be suitable for fulfilling some of these 

roles. Where there is already a ‘trusted’ extension provider, government extension officer, 

or an already formed group (e.g. BestWool group), then this also may be considered as an 

intermediary.  

Finally, this research identified several IPM practices likely to be problematic for adoption. 

These include FEC testing, supplementary feed (specifically for worm management), selecting 

EBV-tested rams, weighing and monitoring body condition scores, and keeping written 

paddock histories. It is recommended that substantial thought is given to providing extension 

that contextualizes these practices appropriately and meaningfully for the different parasite 

management style groups. Specifically, the right mix between procedural and conceptual 

knowledge is important. Further, these practices must be represented such that they do not 

pose challenges to producers with strong sense of self-identity, particularly where this self-

identity is tied up with the use of experience, such as ‘knowing when your sheep aren’t 

doing well’ through visual assessment. As, indicated in Chapter 7, one producer in Victoria 

referred to this as being a ‘good stockman’. This idea of a ‘stockman’ may be different in 
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other agricultural sectors in Australia (e.g. pastoral employees mustering cattle), but in the 

context of this thesis, it has been used to refer specifically to the use of experience and 

visual assessment to manage sheep. The ability to appropriately contextualise and represent 

knowledge to sheep producers requires an explicit acknowledgement of the validity of 

producer’s local knowledge, and specifically, the tendency to use procedural knowledge. 

Again, further research is required to identify and validate the existence of parasite 

management groups and the aspects of self-identify that may be sensitive to challenge by new 

innovations. 

I would propose that the further research recommended is conducted using a similar 

method to that used for this study, with care taken to avoid the methodological problems 

detailed throughout the study. I would particularly recommend intensive construct elicitation 

with producers, either individually or in groups. I strongly believe that such an exercise 

would elicit valuable information about the psychological and socio-cultural factors impacting 

on adoption decision-making. A survey instrument could potentially be designed along the 

lines of the repertory grid, however such a tool would provide less in-depth information. In 

the context of interviews of focus groups, computer elicitation programs could be beneficial 

to increasing the speed of the repertory grid interview, as well as reducing the social 

pressure associated with a personal interview. As discussed elsewhere in this thesis, many 

producers are not used to divulging private and highly sensitive personal information to 

strangers (or potentially anyone else for that matter!) and the personal interview has the 

potential to hamper communication due to discomfort. The use of a computer program 

could reduce this – assuming that it has been ascertained that the producer is comfortable 

with a computer! Obviously, there needs to be some sensitivity to which method best suits 

a particular producer. 
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In summary, I have found personal construct theory and the repertory grid tool to be an 

effective and workable approach to investigating producers’ perceptions of worm control 

knowledge, skills and practices. This methodology has also been proven useful to other 

aspects of farming, including market-related decision-making and for investigating the 

relevance of utility as a basis for producers’ decisions (Murray-Prior 1994; Salmon 1980). I 

believe there is utility in further exploring the use of PCT and the repertory grid technique 

in different contexts and through different procedures, such as in combination with focus 

groups, or incorporated into a larger survey instrument such as a mail-out survey as detailed 

above. The use of both theory and the repertory grid, can contribute to a broader 

understanding of producer perceptions of knowledge, skills and practices, as well as 

providing an insight into producers’ decision-making approaches where used appropriately. 

Further, as indicated previously, the repertory grid can be used as a conduit for change and 

where this is considered necessary in the face of an imperative to encourage more 

sustainable, non-chemically reliant farming systems, these tools should be employed to aid 

producers to engage in change. 


