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Thesis Abstract 

Current practices of Western industrial agriculture are input intensive, reliant on fossil fuels 

and mechanisation, and are unsustainable. In fact, the heavy use of fossil fuels results in 

agriculture being responsible for almost one-fifth of global greenhouse gas emissions. 

Although pests, soil fertility, and water availability have always challenged farmers, the 

standardisation of industrial agriculture magnifies these problems, and inputs such as 

fertilisers, herbicides, and pesticides, often lead to a treadmill of short term fixes. More needs 

to be done to identify alternative approaches of agricultural production which are less energy 

consumptive and more sustainable. 

Despite literature recognising participatory agricultural extension as a solution for improved 

adoption of sustainable agricultural technology and practices, many developing countries 

continue to disseminate agricultural information through the transfer of technology method, 

an instructionist form of teaching which imposes Western science knowledge systems. 

Agricultural extension projects which incorporate transfer of technology fail to engage farmer 

prior knowledge, lack context, are top-down, and involve minimal farmer consultation, often 

resulting in continued unsustainable agricultural practices.  

This study examines whether there may be significant potential to enhance sustainable 

agriculture among Indigenous smallholder farmers by the inclusion of Indigenous knowledge 

in agricultural extension. This thesis puts into practice an alternative agricultural extension 

model that attempts to enhance sustainable agricultural practices among Indigenous farmers 

by entwining Indigenous knowledge and culture with Western science. The extension model, 

which was developed for this thesis, was termed Extension for Sustainable Agricultural 

Development (ESAD). 

This empirical study applies a mixed methods research approach, using both qualitative and 

quantitative research methods in order to triangulate research results. Semi-structured 

interviews, participant observations and surveys were the techniques used for data collection. 

Fieldwork for this research was conducted over a four-year period1, commencing July 2013, 

                                                      
1 My doctorate study was undertaken part-time, hence the longer timeframes. 
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and included 17 Indigenous villages in Papua New Guinea and Vanuatu. A total of 383 data 

sets were collected through purposive sampling.  

Indigenous villages were selected for this study as Indigenous farmers have a vast knowledge 

of their ecosystems, land and culture, passed down to them by their ancestors through stories, 

dance, images, ceremonies and shared experiences. The value of Indigenous knowledge does 

not lay simply in the knowledge of local soils, flora and fauna, but offers an inherent value in 

climate change mitigation and adaptation. 

Findings from this study demonstrate that, whilst there were some limitations (trust, time and 

language), the ESAD model enhanced sustainable agriculture among farmers in Papua New 

Guinea and Vanuatu. Specifically, the ESAD model improved farmer uptake of mulching, 

composting, tree planting and natural pest management techniques. Future research into 

agricultural extension in developing countries should consider the challenges and successes 

identified within this study. 

Key words: Sustainable Agriculture, Agricultural Extension, Culture, Adult Education, 

Knowledge Management, Indigenous knowledge, Papua New Guinea, Vanuatu 
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Chapter 1 

1.1 Introduction 

Reducing both global poverty and the wealth disparity between the global north and the 

global south can be achieved through improving sustainable agricultural productivity of 

developing countries (Adenle, Azadi & Manning, 2018; Anríquez & Stamoulis, 2007). 

Historically, increased agricultural productivity has relied on introducing methods of industrial 

agriculture, and whilst this has resulted in increasing food production, there are concerns that 

current models of industrial agriculture are unsustainable (IPES-Food, 2016; Woodhouse, 

2010). 

There are many examples of the unsustainable nature of industrial agriculture, such as its 

reliance on irrigation, fossil fuels and inorganic chemical input (Carvalho, 2006; UNEP, 2005; 

Woodhouse, 2010). Many agricultural irrigation systems rely on underground aquifers and 

current overexploitation will impact our ability to feed 9 billion people by 2050 

(Madramootoo, 2012). Industrial agriculture requires intensive use of agrochemicals, 

particularly fertilisers and pesticides. Fertilisers (nitrogen, phosphorus, potassium) have 

caused significant contamination to water sources, decreasing accessible drinking water, and 

have contaminated the environment with heavy metals (Carvalho, 2006; Paudel & Crago, 

2018). Of the three million tons of pesticides used, it has been estimated that only 0.1% reach 

the targeted pests (Pimentel et al., 2003), the rest of which impacts the local environment, 

reducing biodiversity and polluting surface and ground water (Horrigan et al., 2002; Zhang, 

2018). Such inefficient use of inorganic inputs is not only unsustainable, but their production 

and application contribute to global greenhouse gas emissions, furthering climate change 

impacts (Burney, Davis, & Lobell, 2010). 

Modelling impacts of climate change on global food security, Dawson et al. (2016) predict that 

by 2050, in the absence of agricultural innovation, global production of wheat, maize and 

soybean will decrease up to 40%, 50% and 50% respectively, leaving over 50% of populations 

in South America, Africa, Australia and central Asia at risk of undernourishment. Whilst wheat 

production in USA is predicted to increase by 24%, a population growth of 40% exceeds the 

production growth.  
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In order to meet the demands of the world’s growing population, global production of food 

needs to increase by almost 60% (Alexandratos & Bruinsma, 2012). Given the negative effects 

of industrial agriculture on the environment (greenhouse gas emissions, desertification, 

erosion, etc), the discourse on production increase needs to focus on creating agricultural 

systems which are sustainable, provide global food security and nutrition and which do not 

compromise the economic, social and environment assets of future generations (High Level 

Panel of Experts, 2015). The world is at a cross road regarding food security: industrial 

agriculture or sustainable agriculture? According to UNESCO (1991, p. 11), “the planet will 

transit to sustainability; the choice is between planning for an orderly transition, or letting 

physical limits and environmental damage dictate the timing and course of action”. If the 

global approach is to transit to sustainability, then the concept of sustainability needs to be 

applied to the agricultural industry. 

Whilst the term was first used in the early 20th century, sustainable agriculture is not a new 

concept. In developing countries Indigenous farmers have, for centuries, been applying 

agricultural techniques that resulted in community food security and the conservation of agro 

biodiversity (Altieri, 2004).  However, many Indigenous farmers are replacing traditional 

agricultural systems, which are reliant on Indigenous knowledge2, with commercial systems, 

which in most cases negatively influence food security (Behera et al., 2016). Indigenous 

knowledge is often brushed aside by many scientists as it is perceived to possess little value; 

however, the erosion of Indigenous people’s knowledge is a significant threat to the 

sustainability of natural resources (Odara-Hoppers, 2002, p.7). Lwoga (2010b) describes this 

erosion of Indigenous knowledge value as being social, educational and political arrogance.  

Fortunately, recognition of the value of Indigenous knowledge within literature is rapidly 

growing. Early pioneers such as Conklin (1954) and L´evi-Strauss (1962) paved the way for 

more recent literature such as Brush (1996), Chambers (1997), Warren (1989a, 1989b, 1991, 

1999), Altieri (2004) and Altieri et al. (2012) and many more. Whilst this resurgence is a 

positive shift, the current level of research may barely ‘scratch the surface’. Durning (1992, p. 

7) goes so far as to suggest that “encoded in Indigenous languages, customs, and practices 

may be as much understanding of nature as is stored in the libraries of modern science”. Even 

                                                      
2 For this study, the term ‘Indigenous knowledge’ is used in preference to ‘traditional knowledge’ as the term 
‘traditional’ implies that Indigenous knowledge and culture is locked in time. 
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though research continues to uncover Indigenous knowledge which offers value for enhanced 

sustainable agriculture, current agricultural extension approaches often fail to value or include 

Indigenous knowledge. As an example, a recent study in Bolivia found projects based on 

Indigenous knowledge focused on food security, increased natural capital and higher plant 

diversity than projects based on external knowledge, however, overall, projects tended to 

prioritise external knowledge and undervalue Indigenous knowledge (Jacobi, Mathez-Stiefel, 

Gambon & Altieri, 2017). 

Agricultural extension refers to the mechanisms and approaches of disseminating agricultural 

information, skills and knowledge to farmers (Leeuwis, 2013). The current form of agricultural 

extension in many developing countries is through instructionism, a form of teaching which 

was designed to prepare students for the industrialised economy of the 20th century (Sawyer, 

2006). The concept of instructionism to communicate knowledge is also the foundational 

practice which underpins the transfer of technology movement3. Röling and Wagemakers 

(1998) argue that the extension approach of transfer of technology which helped to establish 

industrial agriculture is not likely to resolve the environmental problems that have resulted 

from this form of agriculture, therefore an alternative agricultural knowledge transfer 

approach needs to be developed, a gap which this study seeks to fill. The shift to alternative 

extension approaches is agreed upon by many other extension researchers (Ingels & 

Campbell, 2013; Ison, 1990; Pretty, 2008; Rogers, 1996; Warner, 2008). 

Recently there have been efforts to shift the paradigm of extension away from transfer of 

technology to other approaches, such as farmer field schools, action learning and systems 

thinking and practice. However, as will be seen in Chapter 2, such emerging extension models 

continue to be primarily focused on Western scientific practices and as such tend to fall back 

into the trap of linear extension. Reform of extension must go further than merely including 

some participatory processes, effective reform must provide opportunities for farmers to 

build on prior knowledge and engage in relevant and contextual learning with a focus on 

sustainable agricultural development. 

                                                      
3 Transfer of technology has been a powerful model through which extension agents shift scientific knowledge 
to farmers. This knowledge predominantly refers to yield increases based on mechanical, genetic and chemical 
technologies. The farmers are then meant to consume and use this knowledge (Warner, 2008). 



6 
 

 
 

Sustainable agricultural development requires four factors: land, labour, capital and 

knowledge (Bowler, 2002). Of these, knowledge, and in particular Indigenous agricultural 

knowledge, is the most difficult with which to engage; the reasons for this are complex and 

therefore are explored here in some depth. Indigenous knowledge is oral, holistic and is 

passed from generation to generation, however, is not static (Ellen & Harris, 1996; Antweiler, 

2004). Understanding Indigenous knowledge requires an understanding of its connection with 

the people, culture and community. Knowledge management approaches used in large 

business organisations may provide the platform to understand, collate and disseminate 

Indigenous knowledge in a way that may enhance sustainable agriculture among Indigenous 

farmers, a concept which this study seeks to further explore. 

The objective of knowledge management is to make an organisation act as intelligently as 

possible (Wiig, 1997) and realise the best value from its knowledge assets, often achieved by 

creating a learning organisation that is “capable of measuring, storing and capitalising on the 

expertise of employees” (Bollinger & Smith, 2001, p. 10). Knowledge management is a critical 

component for business development and although communities are comprised of diverse 

groups, knowledge management approaches have the potential to bind isolated information, 

skills and experiences for sustainable economic, environmental and social development 

(Mosia, 2002). The advantage of many knowledge management approaches is that new 

knowledge is created and fed back into the knowledge system. This feedback is often achieved 

through workshops, training and printed material.   

A hurdle in applying knowledge management to Indigenous knowledge is that, in contrast to 

the explicit nature of organisations’ knowledge assets, Indigenous knowledge assets are 

currently managed through the expression of stories, songs, rituals beliefs, proverbs, 

community law and local language (Rao, 2006). These forms of knowledge are generally 

foreign to those outside the particular Indigenous group, and often have a low value attached 

by those outside the group (Odara-Hoppers, 2002). 

Applying a knowledge management approach collaboratively with Indigenous communities 

may assist agricultural extension projects to better understand Indigenous knowledge, thus 

enhancing the value attributed to Indigenous knowledge. With an improved understanding, 

extension projects may develop mechanisms for assessing Indigenous knowledge for its 

applicability to sustainable agriculture. Entwining this Indigenous knowledge with Western 
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science may create new knowledge which could assist extension agencies to develop 

contextual solutions for enhanced sustainable agriculture. 

In summary, current practices of industrial agricultural practices are unsustainable and are 

unlikely to meet the long-term production increase required to feed the world’s growing 

population and a shift to more sustainable agriculture is required. Western knowledge of 

sustainable practices is growing, yet the vast repository of Indigenous knowledge of 

sustainable agricultural practices is often brushed aside. Agricultural production and practices 

among smallholder farmers in developing countries are heavily influenced by agricultural 

extension services (Davis, Babu & Ragasa, 2020). For improved sustainable agriculture in 

developing countries agricultural extension requires an alternative model, shifting from the 

delivery of industrial agricultural technologies to one which better engages with Indigenous 

knowledge and promotes sustainable agriculture. 

In response to this gap, an alternative model for agricultural extension to smallholder 

Indigenous farmers was developed by the researcher, this model is the Extension for 

Sustainable Agricultural Development (ESAD). The ESAD model (presented later in Section 3.6) 

was constructed on the key concepts of the literature review; including sustainable 

agriculture, agricultural extension, andragogy, Indigenous knowledge and culture, Western 

science and knowledge management. The ESAD model was employed in the field in Papua 

New Guinea and Vanuatu and it is the results of these field studies which will be used to 

respond to the research questions, which are described in the following section.   

1.2 Research question 

The problem addressed in this research is: 

An absence of a framework for entwining Indigenous knowledge and science within 

agricultural extension may be limiting sustainable agriculture among Indigenous 

farmers in Papua New Guinea (PNG) and Vanuatu 

It will be evidenced that while extension literature supports the role of agricultural extension 

in enhancing sustainable agriculture, no approach which specifically focuses on sustainable 

agricultural development for Indigenous farmers yet exists. 
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From the research problem comes the overarching research question which underpins the 

present investigation, namely: 

How can an Extension for Sustainable Agricultural Development (ESAD) approach engage 

deeper learning by integrating Indigenous knowledge and culture with science and will it 

enhance agricultural sustainability among small holder farmers? 

In part, the question relates to the concept of agricultural extension and whether the inclusion 

of Indigenous knowledge and culture can be used to enhance farmer learning. It also relates 

to the proposition that sustainable agriculture will be enhanced if the key focus of agricultural 

extension shifts from teaching to facilitation.  

1.3 Components of the research question 

1.3.1 Specific aims 

In order to answer the central research question the following sub-research questions are 

investigated in this thesis: 

1. Will a knowledge management model provide an appropriate platform to understand 

and construct a repository of Indigenous knowledge and enhance the sharing of this 

knowledge? 

2. How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture, including from different villages? 

3. How can sustainable agricultural learning among Indigenous farmers of Papua New 

Guinea and Vanuatu be enhanced and what educational philosophies will enhance 

learning? 

4. Will an alternative extension approach enhance the implementation of sustainable 

practices and how is this enhancement best measured? 

5. Will an Extension for Sustainable Agricultural Development approach be more 

effective than traditional extension approaches and will it operate in varying 

contexts? 

1.3.2 Overall objective 

The central objective of this study is to enhance sustainable agricultural development through 

the application of a new approach to agricultural extension involving Indigenous farmers in 



9 
 

 
 

Papua New Guinea and Vanuatu. Underpinning the central objective is the expectation that a 

repository of Indigenous knowledge and culture will be developed, that farmers will engage 

in learning, that sustainable agricultural practices will be enhanced and that the ESAD 

approach is assessed for its suitability for smallholder Indigenous farmers. 

1.4 My journey to this research 

This study grew out of previous research (Radcliffe, 2012) which explored community 

knowledge as indicators for economic, social and environmental development. The strong 

theme which emerged from that research was the potential of engaging with the knowledge 

from those living in the community to significantly contribute to development. The theme was 

further supported through my six years of living and working in remote Indigenous 

communities in Northern Australia as an educator as well as my two years working with the 

Vanuatu Department of Agriculture. I have observed with interest the constant arrival of 

government officials and non-government organisations (NGOs) to announce a new strategy 

which ‘will provide education, jobs and create wealth for the community’, yet they inevitably 

became sidelined consultative processes due, in part, to an insufficient understanding of 

Indigenous knowledge, culture and social context. I have witnessed NGOs, donor 

organisations and many other well-intentioned organisations attempt development projects 

by bringing with them tools, technologies, money and project objectives. More often than not, 

these well-intentioned projects fail due to lack of consultation with the community and 

objectives which neglect to allow for cultural and contextual changes. 

As a long-time educator of Indigenous people, I continually debate whether the current 

educational and extension paradigms are appropriate for rural development. These questions, 

experiences and influences led to the focus of my doctoral studies. 

This research topic is not simply a choice of study, agricultural extension in countries such as 

PNG and Vanuatu is not improving farmer livelihoods, in fact, my observation is that it often 

achieves the opposite. Approaches to agricultural extension must shift and as one who 

currently participates in this sector, I have a moral obligation to identify a possible alternative. 

1.5 Outline of the thesis 

This thesis consists of seven chapters and is organised in accordance with the structure as 

suggested by Evans et al. (2014). The structure of this thesis is illustrated in Figure 1.1. 
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Outline of the Thesis

Chapter 1 
Introduction

Chapter 2 Literature 
Review

Chapters 4-6 
Results and 
Discussion

Chapter 3 
Methodology

Chapter 7
Implications and 

Conclusion

 

Figure 1. 1 Illustration of the thesis structure 

Source: Adapted from Evans et al. (2014) 

The following section provides a brief summary of each chapter of this thesis. 

Chapter 1: Introduction  

This chapter provides a brief background of the current research problem and defines the 

overarching research questions. Chapter 1 then explores the sub-research questions used to 

respond to the research questions and provides an overview of the structure of the thesis 

and the significance of this research study. 

Chapter 2: Literature Review  

This chapter is divided into two sections, Part A and Part B. Part A explores the need to shift 

from current industrial agricultural systems to more sustainable agricultural systems. Part A 

also investigates the current approaches of agricultural knowledge dissemination to farmers 

in developing countries. This thesis confronts the inadequacies of agricultural extension 

services in developing countries. From this, two important points will be discussed, namely 
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the value of Indigenous knowledge and culture and the necessary integration of this with 

Western scientific knowledge. Part B of this chapter explores the concept of knowledge 

management and the way in which organisations successfully manage their knowledge assets. 

Part B will conclude with a theoretical proposition to agricultural extension which incorporates 

strategies of knowledge management and philosophies of adult education. The theoretical 

proposition also further expands on the Extension for Sustainable Agricultural Development 

(ESAD). It is the ESAD model which is then implemented empirically the core of this thesis. 

Chapter 3: Methodology  

This chapter has the purpose of detailing the research methods used within this study in order 

to validate the propositional approach to agricultural extension. Chapter 3 will start with an 

introduction into social science research, justifying its application to this study. The chapter 

will then describe the way in which qualitative and quantitative research was applied and 

then, being a study which requires the investigator to be immersed into an Indigenous setting, 

the chapter presents the Kaupapa Maori Research principles which frame the research 

methods. This will be followed by a detailed insight into the research methods used within 

this study (such as interviews, surveys, observations). Chapter 3 concludes with a discussion 

of the study’s objectivity, validity and ethics. 

Chapter 4: Findings and Discussion of the ESAD in Papua New Guinea:  

This chapter will present the findings of research conducted in Papua New Guinea. Chapter 4 

is divided into three parts: Part A and Part B provide the results of the study, and Part C 

discusses the results and their implications for the practice of agricultural extension in PNG. 

Chapter 5: Findings and Discussion of the ESAD in Vanuatu:  

This chapter will present the findings of the research conducted on the island of Espiritu Santo, 

Vanuatu. Chapter 5 is divided into three parts: Part A explores the Indigenous agricultural 

knowledge which Indigenous farmers currently possess, Part B then presents the cultural 

systems which Vanuatu farmers use to manage and share their agricultural knowledge, and 

Part C presents a discussion of the results and their implications for the practice of agricultural 

extension in Vanuatu. 
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Chapter 6: Transfer of Technology and the Extension for Sustainable Agricultural 

Development: A Comparative Approach:  

This chapter will discuss qualitative and quantitative results from the literature on the 

extension approach of transfer of technology in light of the results of the application of the 

ESAD approach in PNG and Vanuatu.  

Chapter 7: Implications and Conclusion:  

This chapter will provide a conclusion for each phase of the agricultural extension approach 

and summaries relevant to the research questions and literature review.  This chapter then 

describes any limitations which restrict this study and their possible impacts on the research 

results. Finally, suggestions for future research into this field are presented. 

1.6 Significance of the study 

The thesis will test the validity and practical application of the ESAD model, which was 

developed from a review of relevant literature. The thesis will present triangulated data from 

the findings of this research study with secondary data from previous researchers as a means 

of establishing reliable thesis findings. In contrast to much of the literature available on 

agricultural extension approaches, this thesis will include the views, beliefs and practices of 

small holder farmers, which provides an alternative perspective and further strengthens the 

triangulated approach adopted for this study.  

The study proposes to be of value and of use to extension officers and agencies, Indigenous 

farmers, communities, and government and non-government organisations that have a 

vested interest in agriculture, by providing a new model which incorporates the following: 

 

• promotion of sustainable agriculture among Indigenous farmers in PNG and Vanuatu; 

• construction of a repository of Indigenous knowledge and culture for extension; 

• offering a new model to agricultural extension for agencies who wish to reflect more 

on cultural sensitive and pragmatic ways of engaging farmers; 

• mechanisms for enhancing relationships between Indigenous farmers and extension 

agencies, and by, 

• providing empirical evidence of the value of Indigenous knowledge and culture. 
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1.7 Purpose and scope of the literature review 

The literature review is constructed with two aims. The first is to present a review of the 

principles of sustainable agriculture and then agricultural extension as a means of 

disseminating information in developing countries for agricultural development. The second 

is to analyse literature in support of the inclusion of knowledge management for the purpose 

of agricultural extension. 

The literature review is divided into two parts, Part A and Part B. Part A of the literature review 

sets the scene by assessing the current status of global agriculture, highlighting the urgency 

of adopting more sustainable agricultural practices across both the developed and developing 

countries. Part A identifies the core principles for sustainable agriculture and then evaluates 

various approaches to information dissemination to farmers. Agricultural extension 

approaches are assessed and limitations of current approaches are explored, highlighting the 

need for an alternative approach.  

Part A of the literature review also assesses the relevance of Indigenous knowledge to 

sustainable agriculture, highlighting its connection to culture and the environment and 

explores the potential of Indigenous knowledge as a resource for agricultural extension. 

Part B of the literature review explores organisational approaches to the management of 

organisational knowledge assets. Part B reviews current knowledge management models and 

assesses the suitability of these models to Indigenous knowledge and culture and presents the 

theoretical proposition of the thesis. 
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Chapter 2 Literature Review Part A 

2.1 Introduction to Chapter 2 

The central principle of sustainable agriculture is that it must enshrine new ways of 

learning about the world. But learning should not be confused with teaching  

(Röling & Pretty, 1998, p.6) 

Sustainable agriculture has been difficult to achieve but is much needed, even with the ‘green 

revolution’ that began in the twentieth century4; its later unravelling indicates that we need 

to learn new ways to achieve this goal. The green revolution has been a core ingredient in 

providing an increase in global food supplies and lower food and feed costs, and in fact, 

estimates are that without the green revolution world food prices would have been 35-65% 

higher (Evenson & Rosegrant, 2003). Indeed, despite factors of population growth, 

urbanisation, land scarcity and land value, the world has witnessed a tripling of food crop 

production over the past 50 years, thwarting Malthusian theory5 (Malthus, 1890). 

Unfortunately, progress in food production has now slowed. Policy goals have been focused 

on economic and social development, resulting in agricultural development receiving little 

attention. In fact, the Agriculture Orientation Index for developing countries fell from 0.37 to 

0.31 between 2001-2013 and aid to agriculture remains static at around 8% (down from 20% 

in the mid 1980’s) (United Nations Statistical Division, 2019). In order to meet the demands of 

the world’s growing population, global food production needs to increase by almost 70% by 

2050 (Adenle et al., 2018) and despite the clear benefits of the green revolution, and there 

are many, the side effects (loss of biodiversity, pollution and erosion) are such that it is not 

likely that the practices of the green revolution are suited to sustainably reach production 

requirements.  

A global shift toward more sustainable agricultural production requires the integration of 

science and a transformation of fundamental skills, theories, strategies and labour 

organisations. Sustainable agriculture must be responsive to changing circumstances, be 

                                                      
4 The green revolution period may be considered as 1966-1985 and the post green revolution period lasted for 
the next two decades (Pingali, 2012) 
5 Thomas Robert Malthus theorized that population growth is exponential and food supply is linear, thus if 
population was not controlled then catastrophic events of starvation, war and disease would naturally maintain 
a ‘sustainable’ global population. 



15 
 

 
 

holistic, and requires the management of higher level systems (Röling and Pretty, 1998). 

Sustainable agriculture will require an information dissemination approach which empowers 

farmers, and whilst some extension agencies in Western countries are progressive, current 

agricultural extension in many developing countries continues to rely on the traditional 

transfer of technology approach (Abdullah et al., 2014; Buyinza et al., 2015; Curtis, 2013; 

Greer, 2008; Mossie & Meseret, 2015; Ragasa & Niu, 2017; Rasheed, 2012; Sitapai, 2012; 

Thapa, 2010). Moving toward more sustainable agriculture requires a cumulative learning 

process, rather than adoption of new technology. For some farmers, this cumulative 

knowledge comes from educational institutions and extension agencies, for others, such as 

some Indigenous farmers, cumulative knowledge has been constructed over thousands of 

years. 

Indigenous farmers have long been applying their agricultural and ecological knowledge, 

which has been transferred across generations, to develop sustainable agricultural systems. 

Shifting toward more sustainable agriculture may be enhanced if agricultural extension 

agencies were to better understand Indigenous knowledge and establish methods of 

entwining it with relevant science (Kiconco & Okello-Obura, 2020; Pandey, Mittal & Sharma, 

2017; Cullen-Unsworth et al., 2012; Lwoga, Ngulube & Stilwell, 2010b; Warren, 1989a, 1989b, 

1991 & 1999). 

Sustainable agriculture and the role of Indigenous knowledge for enhanced sustainable 

agriculture are the key focus of this literature review. The breadth of this topic requires the 

literature review to be undertaken in two parts, Part A and Part B.  Chapter 2 Part A begins 

with assessing sustainable agriculture, exploring what it is, why we need it and how we get 

there. Part A then reviews current agricultural extension approaches in developing countries, 

highlighting their limitations when working with Indigenous farmers. Chapter 2 Part A finally 

engages in debate regarding the value of Indigenous knowledge for enhancing sustainable 

agriculture.  

Part B of this chapter focuses on the concept of applying Indigenous knowledge. Part B 

describes the way in which organisations use knowledge management to promote knowledge 

sharing and construct knowledge repositories. The final section of Part B puts forward the 

thesis proposition. Overall, the structure of Chapter 2 is illustrated in Figure 2.1.  
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2.1 Introduction

Relevant body of knowledge

Literature Review Part A

2.2 Sustainable development: What is it, why 
do we need it and how do we get there?
2.3 Agricultural extension in developing 
countries.
2.4 Indigenous farmer prior knowledge.

Literature Review Part B

2.5 Managing indigenous knowledge
2.6 Proposition

2.7 Summary  

Figure 2. 1 Structure of Chapter 2 

2.2 Sustainable agriculture: what is it, why do we need it and how do 

we get there? 

Global population increase and a growth of wealth has resulted in increased global 

consumption and thus competition for land, water and energy, developing a threefold 

challenge for the world: match the rapidly changing food demand requirements that a more 

affluent population require; achieve environmental and social sustainability; and target zero 

hunger among the world’s poorest nations (Godfray et al., 2010). Each of these challenges are 

a priority, however, it is the sustainability challenge which is the focus of this study. The 

following section is a review of literature which explores challenge of sustainability, as seen 

through the lens of sustainable agriculture. 

2.2.1 What is sustainable agriculture? 

The world owes a great debt to the Brundtland Commission Report (Brundtland, 1987), which 

has been a highly influential document in the field of sustainability. The Brundtland Report 

defines the concept of sustainability as that which ‘meets the needs of the present without 
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compromising the ability of future generations to meet their own needs’ (p. 15). A key 

conclusion from the Brundtland Report was that global environmental problems stem from 

both the enormous poverty of the Global South and the unsustainable consumption of the 

North. The report created a flood of books, articles, reports and websites. Concepts of 

sustainability are now embedded in fields of study such as development, tourism, energy, 

water, livelihoods and business. Despite broad acceptance of sustainability, there still lies an 

enormous chasm between theory and reality, and nowhere is this more evident than in 

agriculture. The world relies on agriculture for food security, yet the sustainability of industrial 

agriculture is, at the very least, questionable (Quintero-Angel & González-Acevedo, 2018). 

More needs to be done to identify methods of agricultural production which are less energy 

consumptive and which are more sustainable (Bolandnazar, Rohani & Taki, 2020; Pingali, 

2012; Jebli & Youssef, 2017).  

There is no shortage of ideas, theories and case studies on sustainable agriculture, as an online 

search for the term ‘sustainable agriculture’ returned almost 3 million articles, books and 

reviews. Some proponents argue that sustainable agriculture can be achieved by studying 

traditional farming knowledge (Altieri, 2004; Šūmane et al., 2018), some argue that 

sustainable agriculture will come from investment into technology (Tilman et al., 2011), whilst 

others argue that sustainability requires shifts in political governance (Kemp & Martens, 

2007). A literature search will also present a breadth of definitions of sustainable agriculture. 

However, for the purpose of this thesis sustainable agriculture is defined as a system for 

change which: 

“…… maintains the natural resources needed, preserves communities and social and 

cultural systems that allow for the appropriate distribution of food, and provides the 

possibility of decent livelihoods in rural areas” (The International Commission on the 

Future of Food and Agriculture, 2006, p.15). 

What is clear from this definition is that sustainable agriculture requires a multi-pronged 

approach which needs to include traditional knowledge of farming that is embedded in 

Indigenous cultures, technology, and the support will include traditional farming knowledge, 

technology and the support of national and international governing bodies. 
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2.2.2 Why we need sustainable agriculture 

Industrial agriculture is input intensive, reliant on high level application of pesticides, 

herbicides and inorganic fertilisers, seasonal tillage, monoculture cultivation and extensive 

irrigation (Woodhouse, 2010), which for production all are reliant on fossil fuels (Lin et al., 

2011). According to the Intergovernmental Panel on Climate Change (IPCC), in 2005 

agriculture was responsible for 10-12% of global anthropogenic greenhouse gas emissions, 

emitting significant levels of carbon dioxide, methane and nitrous oxide (Lin et al., 2011). 

Agriculture continues to significantly contribute to methane emissions, with 2018 and 2019, 

two of the four highest annual growth rates since 2000 (Saunois et al., 2020). 

Industrial agriculture is reliant on chemicals and machinery as a substitute for traditional 

human energy, resulting in a decline of people working on farms. Capital costs have increased 

rapidly and health issues resulting from exposure to chemicals have also risen (Clunies-Ross & 

Hildyard, 2013). Although farmers have always been challenged by pests, declining soil fertility 

and water availability, the standardisation of industrial agriculture magnifies these problems, 

using necessary, but unsustainable, inputs which often lead to a treadmill of short term fixes 

(Weis, 2010). 

The ineffectiveness of modern industrial agriculture is further evidenced by the fact that,  

“…we produce food for 12 billion people, when there are only 6.3 billion people living. 

Meanwhile, 800 million suffer from malnutrition and hunger, 1.7 billion suffer from 

obesity, and the rate of diabetes is growing exponentially along with cardiovascular 

diseases caused by malnutrition” (Lionette & Petrini, 2007, p.15). 

Viewed separately, the adverse effects of industrial agriculture may be considered simply as 

side effects of an otherwise successful system, however, in viewing the whole picture it is clear 

that industrial agriculture is destructive, socially unjust, and unsustainable.  

2.2.3 Creating a global sustainable agricultural system 

For any hope of creating a more sustainable human relationship with the earth there is a need 

to radically restructure agriculture, that is, to convert unsustainable food productions into 

more sustainable ones (Gliessman & Rosemeyer, 2009; Khwidzhili & Worth, 2016; Willet et 

al., 2019). Creating a more sustainable agricultural system will come from shifts in farming 
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practices, both internal and external. Internal factors may include farmers being more 

conscious of chemical use and the associated impacts on the local environment. External 

factors may include increased energy costs which will lower profit margins of conventional 

practices and encourage new and stronger markets for organic product6 (Gliessman & 

Rosemeyer, 2009). Shifts toward more sustainable agriculture may also include using 

biological control for pests, building soil fertility, intercropping, alleycropping, agroforestry 

and agroecosystems. Whatever the type of change, conventional agriculture is no substitute 

for “skilful and dense human labour, decentralised agricultural knowledge and careful and 

passionate stewardship” (Weis, 2010, p.334). 

The United Nations posit two paths to food security: sustainable agriculture and industrial 

agriculture (UNESCO, 1991). Whatever path chosen, it is clear that the planet will need to 

transit to sustainability; the question is whether this will be an orderly transition or whether 

it will be dictated by the planet’s physical limits and environmental damage (UNESCO, 1991, 

p. 11). Planning for an orderly transition will require a participatory and ground-up approach 

with clear policies, technologies and improved agricultural extension approaches in both 

developed and developing countries. 

2.3 Agricultural extension in developing countries 

Food security and rural development are an interlinked challenge for nations across the globe, 

yet for developing countries, many of which are experiencing environmental degradation, it is 

an even greater challenge. While it is evident that a broad range of factors such as climate 

change, war, political instability and unsustainable farming practices impact on food security 

and rural development, it is clear that agricultural extension can play a key role in promoting 

sustainable agriculture, food security and rural development. In fact, agricultural extension 

can directly influence four of the United Nations Sustainable Development Goals: zero hunger, 

quality education, gender equality and sustainable land management (United Nations, 2015). 

The level of progress on these goals can be significantly affected by the effectiveness of 

extension practices, yet the effectiveness of agricultural extension varies significantly between 

countries, states and provinces.  

                                                      
6 Organic agriculture and other low input agricultural practices result in less energy demand compared to 
intensive agriculture (Gomiero, Paoletti & Pimentel, 2008). 
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In many developing countries, the ineffectiveness of agricultural extension is often associated 

with the shift to independence from colonial powers. A global review by the Food and 

Agriculture Organization of the United Nations (FAO) referred to extension systems in many 

developing countries as ‘inadequate’ (Swanson, 2008, p.xiv) ‘failing’, ‘moribund’, in ‘disarray’ 

and ‘barely functioning, where staff are bloated, under-trained, not mobile, and therefore not 

proactive’ (Rivera et al., 2001, p.15). Transitioning to independance often places significant 

challenges on extension projects. Anandajayasekeram et al. (2008, p. 2) describes these 

challenges as: 

• managerial transitions – from colonial to local research and extension administrators; 

• scientific transitions – from expatriate to national scientists; 

• financial transitions – from dependence on financial support from colonial 

governments and large-scale farmers to mobilising support from national 

governments, donors and beneficiaries; 

• political transition – from commercial farms to smallholders to private research and 

extension; 

• developing new forms of public-private-civil society research-extension partnerships. 

With many of these factors beyond the control of extension agencies, it is important for 

extension efforts to focus on what can be controlled, such as programs which build capacity 

among rural communities. As current extension approaches have failed to enable this and to 

understand why this is, it is important to firstly understand the roots of extension. 

2.3.1 Foundations of extension 

Originally derived in the mid-19th century, extension has expanded in its function over time, 

and definitions vary depending on the method. The earliest use of extension was by the 

Society of Diffusion of Useful Knowledge in 1826, which aimed to impart “useful information 

to all classes of the community, particularly to such as are unable to avail themselves of 

experienced teachers, or may prefer learning by themselves” (Swanson et al., 1998, p.9). 

Agricultural extension continues to align with original philosophies of the Society of Diffusion 

of Useful Knowledge, maintaining its key objective of providing information to those unable 

to access necessary information, such as rural communities. 
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By the mid-20th century, political, economic and social issues, particularly that of a growing 

population, transformed these early philosophies of extension into a techno-centric program, 

which delivered key agricultural technologies to farmers, creating what is today referred to as 

the green revolution (Swanson, 2008). This approach of increasing the food resources per 

capita through breeding programs from high-yielding varieties and aggressive application of 

fertilisers and pesticides resulted, at the time, in enhanced yields of staple crops across the 

world (Lynch, 2007). 

Despite the success of increasing food resources, it is now clear that the green revolution 

resulted in significant environmental impacts (Pingali, 2012) and that it was agricultural 

extension which provided the vehicle for the dissemination of scientific and technical solutions 

to the farm gate, including the farm gates of the poor (Swanson, 2008). The dissemination 

method of choice was euphemistically called ‘transfer of technology’ (Pray, 1981). Whilst it 

was a powerful extension model during the green revolution, the top down approach of 

transfer of technology is unlikely to be able to help mend the global environmental issues 

which have resulted from industrial agriculture (Röling & Wagemaker, 1998). 

2.3.2 Transfer of technology: the traditional extension model 

With sustainable agriculture being knowledge intensive (Goldberger, 2008), it will be the role 

of the extension officers to facilitate development of farmer knowledge. Such knowledge may 

come in the form of technological improvements, training, marketing strategies and 

conservation (Directorate of Agricultural Services, 2011).  The current trend of knowledge 

transfer is through instructionism, a form of teaching which was designed to prepare students 

for the industrialised economy of the 20th century (Sawyer, 2006). The concept of 

instructionism is the foundation of the teaching practice which underpins the transfer of 

technology movement7. Transfer of technology extension is a top down approach to technical 

assistance and is non-participatory, leaving communities feeling disempowered and 

suppressing local organisation and the financial and technical incentives create a culture of 

dependency (Cavaye, 2000).  

                                                      
7 Transfer of technology is a model through which extension agents teach Western scientific principles to 
farmers which is predominantly in regard to yield increases based on mechanical, genetic and chemical 
technologies (Warner, 2008). 
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Transfer of technology is constructed on the notion of the superiority of scientific theory and 

technology and is linked with Western structures of knowledge and power, reproduced 

through teaching (through demonstration or farm visit) and defended by professionals in 

specialised areas (Chambers, 1986; Azumah, Donkoh & Awuni, 2018). Such neo-colonial 

notions limit the transfer of technology model to a paternalistic, top down approach using one 

way communication (see Figure 2.2) often creating extension projects which lack relevance to 

farmer needs and fail to provide opportunities for farmers to learn contextual agricultural 

knowledge.  

 

 

 

 

Figure 2. 2 The linear transfer of technology approach 

Source: Designed by the researcher 

Agricultural extension in developing countries has been built on the inflexible and top down 

transfer of technology model (Davis & Franzel, 2018), as evidenced by Abdullah et al. (2014); 

Buyinza et al. (2015); Curtis (2013); Greer (2008); McDonough, Nuberg and Pitchford (2015); 

Mossie and Meseret (2015); Ragasa and Niu (2017); Rasheed (2012); Sitapai (2012); Thapa 

(2010).The transfer of technology approach to agricultural extension holds a number of 

erroneous assumptions, as critiqued by Ison (1990), including: 

• ‘real’ knowledge is the sole domain of the extension officer; 

• the farmer is an inert, passive, malleable and reactive recipient of the information; 

• the initiative for dissemination of information rests exclusively with the communicator 

– research worker or extension officer; 

• the information needs of the farmer are in the area of technical research results, rather 

than in the area of the farmer’s own management of livelihood system. 
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These assumptions have become engrained into the research and extension professions as 

well as university curricula, textbooks, teachers and trainers. The transfer of technology 

model, simply, provides advice to a farmer who is then required to follow this advice on the 

idea that it is in his/ her best interest, when this may not necessarily be the case (Ison, 1990, 

Warner, 2008). 

2.3.3 Transfer of technology: limitations to learning 

Moving toward sustainable agriculture should be a cumulative and incremental process of 

learning, not only adoption of technology, yet the erroneous assumptions of transfer of 

technology, described by Ison (1990) in the previous section, demonstrate that transfer of 

technology relies primarily on the adoption of technology and not the process of learning. To 

understand why learning is important to change, it is firstly important to understand the role 

and function of learning.  

The United States National Research Council described the fundamental philosophies of 

learning (cited in Sawyer, 2006) as being: 

- The importance of deeper conceptual understanding – expert knowledge includes facts, 

figures and procedures, but simply acquiring this information does not prepare a person 

to perform a task, particularly outside a given context. When a deeper conceptual 

understanding is formed, facts and procedures become transferable across different 

contexts. 

- Focus on learning in addition to teaching – understanding stems from active participation 

in one’s own learning alongside improved instruction techniques. 

- Creating a learning environment – the learner needs to feel safe to share his/her 

experiences and knowledge. 

- The importance of building on a learner’s prior knowledge – if teaching does not engage 

in prior knowledge farmers will revert back to previous practices. 

- The importance of reflection – learning is further developed when it is reflected upon, both 

prior to and after application. 

It is useful to consider the above philosophies of learning against the traditional transfer of 

technology methods, see Table 2.1 on the following page. On comparing the philosophies of 

deep learning, such as connecting experience, identifying patterns and reflection, to the 
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philosophies of transfer of technology such as disconnected knowledge, static knowledge and 

lack of cultural connection, it is this deeper learning that transfer of technology does not 

incorporate, yet it is this deeper learning which needs to be achieved to engage farmers to 

shift toward more sustainable practices.  

Table 2. 1 Deep learning versus traditional transfer of technology instructionism 

Learning Knowledge Deeply Traditional Transfer of Technology 

Instructionism 

Farmers relate new ideas and concepts to 

previous knowledge and experience. 

Farmers treat course material as unrelated. 

Farmers integrate their knowledge into 

interrelated conceptual systems. 

Farmers treat disseminated material as 

disconnected pieces of knowledge. 

Farmers look for patterns and underlying 

principles. 

Farmers memorise facts and carry out 

procedures without understanding why 

Farmers evaluate new ideas and relate them 

to their context. 

Farmers have difficulty making sense of new 

ideas that are different and outside their 

cultural realms. 

Farmers understand the process of dialogue 

through which knowledge is created and 

examine it critically. 

Farmers treat facts and procedures as static 

knowledge handed down from all-knowing 

authorities. 

Farmers reflect on their own learning 

processes and their understanding. 

Reflective learning is not employed 

Source: Adapted from Sawyer, 2006. 

2.3.4 Andragogy for improved extension 

Another critique of transfer of technology concerns its educational foundations. Transfer of 

technology relies on pedagogy as a form of teaching. Pedagogy is the “art and science of 

teaching children” (Curtis, 2019, p.23; Knowles, 1970, p.40). Pedagogy relies on societal 

determinants for curriculum, often assumes children lack experience with content and it does 

not identify motivations for learning - see Table 2.2 on the following page. Simply, it is not 

suitable for adult learners. As most of the target population for agricultural extension are 

adults, extension must apply the principles of adult education. 
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Andragogy, as opposed to pedagogy, is the art and science of teaching adults. The term 

andragogy was conceived in 1833 by German high school teacher Alexander Kapp in a book 

entitled ‘Platons Erziehungslehre’ (Plato’s Educational Ideas) where, although he does not 

define andragogy, Kapp justifies it as the “practical necessity of the education of adults” 

(Reischmann, 2004, p.2).  

Andragogy, like pedagogy, is based on a set of assumptions, however, the impact on the 

learner is very different. See Table 2.2. 

Table 2. 2 The assumptions of pedagogy vs andragogy 

Regarding: Pedagogy Andragogy 

Concept of the learner The learner is dependent. 

Society expects the teacher to 

determine what, how and 

when learning takes place. 

The learner is self-dependent 

or is shifting towards self-

dependence. Adults have a 

deep psychological need to 

be self-directing. 

Role of learner’s 

experiences 

The experience learners bring 

to a learning situation is of 

little value. They gain from 

the experience of the teacher. 

Learners’ experiences are a 

rich resource, for them and 

for others.  

Readiness to learn The learner is ready to learn 

whatever society ‘tells’ them 

to learn. 

Learners are ready to learn 

when they have a need for it, 

for example, to solve a real 

life problem. 

Orientation to learning Learners acquire subject 

related content, which will be 

useful only at a later time. 

Learners want to apply what 

they learnt today to living 

more effectively tomorrow. 

Source: Knowles (1970) 

Although the assumptions of andragogy, when compared to pedagogy, would seem like a 

better approach, pedagogically based transfer of technology continues to be the primary 

mode of extension in developing countries. The continued application of transfer of 
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technology in developing countries highlights that the time is ripe for extension services of 

these countries to review the applicability of the transfer of technology approach for 

sustainable agriculture and to consider a shift from linear to participatory knowledge sharing.  

Participatory approaches to agricultural extension recognise and value andragogy and are 

embraced as a solution for improved extension (McEntee, 2013). Participatory approaches to 

agricultural extension shift the priorities of extension officers from transfer of know-how to 

strengthening farmer problem-solving of local agricultural issues by combining social, cultural 

and technical innovation (Costa-Pierce, 2002; Fleischer et al., 2002).  

2.3.5 Trending models in agricultural extension 

Current agricultural extension approaches can be separated into three broad categories: top 

down, participatory, and advisory work (Davis, 2008). As top down approaches have 

previously been described, this section of the literature review will focus on participatory and 

advisory approaches of extension8.  

Farmer participatory extension programs have had increased recognition and attention since 

the ‘Participatory Technology Development’ and ‘Farmer First’ concepts were first introduced 

during the 1980’s (van de Fliert & Braun, 2002). Originally developed amidst a growing 

dissatisfaction with the empirical positivist paradigm of extension and the belief that research 

should lead to empowerment of local communities, participatory approaches range in their 

philosophical and methodological foundations (Athayde et al., 2017). At one end of the 

continuum, the view of participation is as a way to improve efficiency, the idea that if people 

are included then they are more likely to agree and support the practice. At the other end of 

the continuum is the view of participation as a fundamental right (Pretty, 1995).  

A common theme of participatory approaches is the notion of 'allowing' participants to 

negotiate and determine the outcomes (Bruges & Smith, 2007). Participatory approaches can 

become a vehicle of transferring scientific research with the objective of supporting 

government policies. Although the general consensus is that participatory approaches should 

focus primarily on the goals and of the participants (Stoecker, 2005; McDonough et al., 2015), 

participatory approaches are increasingly being used for policy goals and are often 

                                                      
8 Literature around extension practices use different terminology to describe extension, for example ‘extension 
approach’, ‘extension system’, and ‘extension model’. For the purpose of consistency, the term ‘approach’ will 
be used in this study when referring to a particular philosophy or practice of extension. 
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incorporated into research in order for researchers to access funding, as funding often 

stipulates direct engagement and benefit for farmers (Bruges & Smith, 2007; Islam et al., 

2015). Such influences create what Leeuwis (2013) refers to as the participation paradox, 

where people are capable and knowledgeable but participatory projects assume people 

cannot achieve the outcomes themselves. To donors, participatory may mean empowering or 

handing over responsibility, to participants it may mean getting paid for their work. As will be 

evidenced in the following sections, despite all the good intentions the reality is that many 

participatory projects result in disappointing results for all involved. 

2.3.5.1 Farm field schools 

Farm field schools were first introduced in Indonesia during the 1980’s where the concept was 

used to teach farmers, through participatory processes, of the inherent dangers of excessive 

pesticides on human and farm health (Korani, 2012). A comparative study of participatory 

versus training and visit extension methods found that, in the opinion of farmers, the farm 

field school approach was more effective (Abdullah et al., 2014). Farmer field schools are 

generally based around season-long, weekly workshops and focus on biology, agronomy and 

agroecology (Luther et al., 2018; Simpson & Owens, 2002). 

Although farmer field school programs reflect experiential learning (learning through 

experience), they are also founded on participatory characteristics (Korani, 2012; Minjauw, 

2004) which include: 

• ongoing participant involvement in the process; 

• issues are identified and solutions developed through pedagogical strategies; 

• group activities; 

• empowering farmers through flexible programs; 

• incorporating local and Western knowledge. 

There are limitations to the farmer field school approach, primarily stemming from facilitation 

and logistical concerns. Facilitators tend to lack knowledge, hence confidence, and inevitably 

resort to transfer of technology methods, and content facilitated within the farmer field 

school approach is based almost exclusively on ‘Western’ knowledge and perceptions 

(Simpson and Owens, 2002). Logistically, farmer field schools lack an understanding of local 

needs, are poorly funded and have inadequate facilities (Korani, 2012). Farmer field schools 
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are voluntary and farmers who do not attend receive little or no benefit from the schools. In 

fact, evidence suggests that farmer field schools have had limited or no effect on economic or 

environmental performance and impact (Davis, 2008; Taye 2013). 

2.3.5.2 Farmer-to-farmer approach  

The farmer-to-farmer approach is based on the idea that farmers themselves are the ones 

who have knowledge of the local conditions and culture and have the trust of other farmers 

(Kiptot & Franzel, 2015). The farmer-to-farmer approach provides a social learning 

environment where farmers share their experiences and knowledge. Although approaches 

vary, the key feature of the farmer-to-farmer approach is that a volunteer farmer is trained by 

external agents and the volunteer farmer then shares this knowledge with others (Kiptot & 

Franzel, 2015). It is assumed that if the volunteer farmer adopts a practice or technology then 

other farmers may learn from the volunteer farmer creating a multiplier effect (Kiptot et al., 

2006). The farmer-to-farmer multiplier effect is reliant on continuous knowledge sharing, 

however, Kiptot et al. (2006) found that the multiplier effect is often ‘lost’ as information 

sharing is being limited to kinship ties, by jealousy of those who possess the information 

results, and some volunteer farmers may have difficulty explaining technical principles (Kiptot 

et al., 2006). 

2.3.5.3 Experiential learning theory 

Experiential learning shifts the role of the teacher from being a disseminator of information 

to one who facilitates learning, whereby they negotiate learning and identify learning styles 

(Abubakar & Yusuf, 2017; Padron & Waxman, 1999; Röling & Pretty, 1998). Implementing the 

Experiential Learning Theory (ELT) into extension practice provides a model of adult 

development which is consistent with how people learn, grow and develop (Kolb, Boyatzis, & 

Mainemelis, 2000). Experiential learning in agriculture education/extension is recognised as a 

valuable part of the extension process as it provides relevance through the learning-by-doing 

philosophy (Abubakar & Yusuf, 2017; Cheek et al., 1994; Percy, 2005). Knobloch (2003) 

describes the ELT in agriculture as being based on four founding pillars (see Figure 2.3). These 

‘pillars’ are based on four influential leaders in defining experiential learning for agricultural 
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education, John Dewey9, Seaman Knapp10, Rufus Stimson11 and William Lancelot12. Although 

each of these authors have varying philosophies, they all describe a requirement of learning 

as ‘active learning’, where learners are allowed an opportunity to experiment, experience and 

learn in a contextual environment. 

 

Figure 2. 3 The Pillars of Experiential Learning in Agricultural Education 

Source: Knobloch (2003) 

Experiential learning refers to knowledge being contextually learnt through ‘hands on’ 

experience (Kolb et al., 2000), and although it provides a greater opportunity for this to occur 

than in farmer field schools, its applicability is limited by a number of factors. First, the cost 

and time may increase if learners are unable to generalise from a particular experience and 

apply one principle to another circumstance (Coleman, 1984). Second, it has been noted that 

experiential learning involves a struggle between the conscious and unconscious mind and 

can create anxiety among learners, which may pose a threat to learning (Britzman, 1998). The 

                                                      
9 John Dewey strongly supported the notion that education should be contextualised into real life situations as 
it provides educational significance and adds values to the experience (Knobloch, 2003). 
10 Founder of the concept of extension, Seaman Knapp, used the guiding principle of learning by doing and the 
power of demonstration (Cline, 1970) 
11 Rufus Stimson, through concern with how agriculture was taught, established the ‘project’ method of 
teaching. The idea of this method was that students were to learn at school and apply what they had learnt 
through home projects (Moore, 1988). 
12 William Lancelot promoted the notion that essential knowledge is knowledge that can be constructive in 
life... and it must be taught so that it used effectively in meeting real life problems (Knobloch, 2003). 
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value of experiential learning is limited if it does not extend from an individual’s ‘learning 

through experience’ to ‘learning for knowledge creation’ and the development of relations 

(Mughal & Zafar, 2011). The third criticism of experiential learning is based on numerous 

empirical studies which consistently indicate that an approach which uses minimal guided 

instruction is less effective and less efficient than approaches which provide stronger guidance 

(Kirschner et al., 2006).  

2.3.5.4 Action learning 

It is the nature of action learning which makes a single clear definition of action learning 

difficult, in that it means different things to different people. Pedler (2011, p.xxi) provides a 

broad but useful description of action learning being ‘a pragmatic and moral philosophy based 

on a deeply humanistic view of human potential that commits us, via experiential learning, to 

address the intractable problems of organisations and societies’. Fox (2009) identifies four key 

factors necessary for successful action learning, being, a willingness of members: 

• to discuss agricultural problems openly; 

• to explain and understand each other’s agricultural practices; 

• to question and answer; 

• to take action in light of learning about the problems. 

Action learning addresses sustainable agricultural development through affective, cognitive 

and psychomotor learning (Battisti et al., 2008). Action learning is a useful tool for 

developing strategic directions, guiding meeting processes and assisting in group reflection 

processes when conducting on farm research (Collins et al., 2001). In order to achieve a goal, 

action learning utilises a coach or facilitator who is the mobiliser, learning advisor and 

learning catalyst (Hale, 2012). As stated by McEntee (2013), extension projects which 

integrate local and Western science in collaborative partnerships become dynamic learning 

environments, and as such, the action learning facilitator in seeking solutions must be able 

to work across both cultures. This is a great challenge given that Indigenous knowledge and 

Western science are epistemologically very different and thus requires a framework which 

can guide the entwining of the two knowledge systems, “leaving the question of how much 

flexibility individuals have in taking action within their own culture, whilst under the implicit 
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constraints and expectations placed on them by a methodology ... from a different culture” 

(Lee, 1996, p.253). 

2.3.5.5 Systems thinking and practice 

Systems thinking and practice is an interdisciplinary approach (Cabrera, Colosi, & Lobdell, 

2008),  based on the “predispositions and competencies of the researcher to seek novel ways 

of patterning strange experiences as well as seeking novel patterns within those experiences” 

(Bawden, 1991, p.2365). The systems thinking philosophy approaches agriculture as a process 

which is not opposed to environmental conservation but a part of it, whereby systems of 

inquiry are designed and utilised to reveal the relationship between farmers and the 

environment (Bawden, 1991). Churchman (1971) suggests that the “most important feature 

of the systems approach is that it is committed to ascertaining not simply whether the decision 

maker’s choices lead to the desired ends, but whether they lead to ends which are ethically 

defensible” (Bawden & Packham, 1998, p.403) in regards to social, environmental and 

economic outcomes. 

The systems philosophy ranges from ‘hard’ through to ‘soft’ systems. Hard systems are 

systematic and tend to be techno-centric. Soft systems are systemic; they incorporate a 

qualitative understanding and are contextual. It is this soft approach which is of interest to 

this research as the soft approach considers farmers’ choices and ethical concerns (Schiere et 

al., 2004). In a worldview where systems change with the context, a continuous learning and 

response is necessary, requiring a participatory and adaptive approach (Schiere et al., 2004). 

A systems approach allows both human and non-human elements to be a part of the given 

system, interacting with each other on a basis of the properties parts possess and the 

constraints the properties place on one another (Keen, Brown, & Dyball, 2005). Cabrera et al. 

(2008) notes that changing the way we think will not necessarily solve the various problems 

or issues we have, such as the unsustainability of industrial agriculture, but it does reframe 

how we think about the problem and what the solutions may be, and this approach is what is 

needed for a more sustainable agricultural system. 

2.3.5.6 Summary of current approaches to agricultural extension 

The agricultural extension approaches described above highlight the positive shift from top 

down to more participatory approaches. The purpose of exploring the trending models in 
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extension was to demonstrate that whilst each approach offers significant advantages over 

top-down extension, application of these models in developing countries may present 

limitations. Whilst it may be suggested that the above approaches in Western countries such 

as England, United States and Australia have significantly improved farming practices, outputs, 

and the health and education of farmers, they have resulted in only small improvements 

among farmers in developing countries due to cultural, social, and economic issues.  

The remainder of this chapter is dedicated to presenting literature which may contribute to 

the development of a new agricultural extension approach which embraces the advantages of 

each of the extension models presented whilst endeavouring to respond to their limitations. 

2.3.6 Constructivist learning in agricultural extension 

The key challenges to participatory extension in developing nations include poor funding, lack 

of motivation of staff, lack of technical knowledge, inadequate facilities, Western-centric 

information, a poor understanding of local needs and limited opportunities for deep learning. 

A constructivist paradigm ‘conceptualises knowledge as being developed by actors in their 

specific context’ (Šūmane et al., 2018, p.233) and constructivist learning is holistic and 

emphasises problem solving and understanding (Christie, 2005), and shifts the emphasis from 

teaching to learning, an essential element for improving sustainable agriculture (Röling & 

Pretty, 1998). The development of a more constructivist approach to extension will not resolve 

all of the challenges described above, however, what is clear from current extension 

approaches are the limited opportunities for farmers to experience deep learning. Learning is 

an active verb rather than an adjective and should be something which is constructed from, 

and shaped by, personal experience, not transferred from an institution. 

Constructivism is a widely used term and encompasses a variety of meanings which primarily 

make reference to education within diverse streams of teaching such as mathematics, science 

and technology. Mascolo et al. (2005, p.49) offer a widely referred to definition of 

constructivism, which is “the philosophical and scientific position that knowledge arises 

through a process of active construction”. Constructivist learning, which generally opposes 
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behaviorism13, is founded on several key principles (Francis et al., 2011; Sjoberg, 2007; 

Srikantaiah, 2005; Taber, 2006), including: 

• learning is an active process; 

• educators should use prior knowledge as a framework to build on new knowledge and 

support learners to understand new concepts; 

• knowledge cannot be transferred to a learner, it needs to be constructed by the 

learner; 

• a learner interprets the subjective meaning through a cognitive process; and 

• learning occurs in specific cultural, social and linguistic settings. 

As will be expanded below, the term is further refined in the literature by qualifying 

constructivism with references to individual and cognitive constructivism, generally relating 

to Piaget, social constructivism, generally referencing Vygotsky, and reflective thinking, 

relating to the work of John Dewey (Sjoberg, 2007). Although the focus of this section of the 

literature review is not specifically to present theories of constructivism, a brief review of the 

theories which developed constructivism should offer an understanding of the necessity to 

incorporate constructivism into agricultural extension approaches. 

2.3.6.1 Piaget’s development theory 

Jean Piaget (1896-1980) introduced genetic epistemology14 as a constructivist theory of 

learning. He was committed to the idea that a body of knowledge within a field of study and 

the historical development of that knowledge are inseparable (Tsou, 2006). According to 

Piaget, the nature of knowledge should be gained empirically where it is constructed and 

developed (Sjoberg, 2007) and learning should be relevant and meaningful (Ozer, 2004). 

Piaget’s constructivist theory abandons the notion of a passive observer and encourages the 

learner to pose and test new knowledge in response to new situations (Peterson, 2012). Piaget 

recognised that the only way to construct this new knowledge is when the learner is 

                                                      
13 The learning paradigm of behaviourism focuses on what is real, observable and measurable whereby the 
learner is passive. 
14Piaget (1970, p. 1) defines genetic epistemology as an attempt ‘to explain knowledge, and in particular 
scientific knowledge, on the basis of history, its sociogenesis, and especially the psychological origins of the 
notions of operations upon which it is based’. 
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confronted with external experiences that could not be assimilated into prior knowledge, 

leading to a restructure of prior knowledge (Harlow, Cummings, & Aberasturi, 2007). 

Indigenous farmers often view agriculture in a holistic sense: everything has a connection, a 

belonging and a reason for being, or what Piaget calls ‘transdisciplinary’ (Athayde et al., 2017). 

Indigenous farmer knowledge has been constructed on experiences. Confronted by drought, 

pests and cyclones Indigenous farmers have, in the past, learnt to restructure their prior 

knowledge in order to create a system which ensures food security (Ellen &Harris, 1996; 

Antweiler, 2004; Obua et al., 2008). 

In contrast to the transfer of technology approach, where information is disseminated in a 

compartmentalised method, Piaget’s genetic epistemology suggests that if learners, such as 

Indigenous farmers, are provided with an opportunity to reconstruct prior knowledge through 

a more holistic external experience, then deeper learning may be achieved. 

2.3.6.1 Vygotsky’s zone of proximal development 

The zone of proximal development (ZPD) is defined as “the distance between the actual 

developmental level as determined by independent problem solving and the level of potential 

development as determined through problem solving under adult guidance or in collaboration 

with more capable peers” (Vygotsky, 1978, p.86). The premise behind ZPD is that an 

instructor’s role is to provide the learner with experiences that are within the zone of proximal 

development, and that this should lead to advancing the learning level (see Figure 2.4). 

Vygotsky refers to the instructor as the “more knowledgeable one” (MKO), who “is anyone 

who has a better understanding or a higher ability level than the learner particularly in regards 

to a specific task, concept or process… traditionally the MKO is thought of as a teacher, an 

older adult or a peer” (Attwell, 2010, p. 1). With full access to this type of MKO, the upper limit 

of the ZPD becomes infinite, as there is virtually no level of development which is unreachable 

(Pena-Lopez, 2012). 

Vygotsky’s ZPD forms the basis of a number of current education practices including (1) 

reciprocal teaching, a method based on summarising, questioning, clarifying and predicting, 

and (2) collaborative learning. It is the latter of these which is particularly useful when working 

with rural communities as collaborative learning encourages active participation and 
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engagement in strategy development (Allen et al., 2001)15. Embedding collaborative learning 

into agricultural extension will provide an opportunity for farmers to build on their new prior 

agricultural knowledge, which is not only essential in adult education but has the potential for 

the creation of innovative solutions to local agricultural problems. 

 

Figure 2. 4 Vygotsky’s Zone of Proximal Development 

Source: Pena-Lopez, 2012. 

2.3.6.2 Reflective thinking 

Constructivism is built around the notion of learning being grounded in real experiences, 

allowing for meaning to be constructed against one’s own previous knowledge and 

experience. Reflective practice provides a mechanism to construct meaning from learning. The 

term ‘reflective practice’ was originally coined by Schön (1983), however, it primarily draws 

on the work of John Dewey, an educationist reformer who understood the need to provide 

                                                      
15 Allen et al. (2001) incorporated the theory of collaborative learning to assist in the community management 
of pest species. Allen’s approach was based on integrated systems of knowledge management which was used 
to help the community develop, apply and refine technical information within a larger context of shared 
understanding. 
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opportunities for deep learning. Dewey (1938, p.9) explains that reflection, or reflective 

thought, is an “active, persistent and careful consideration of any belief or supposed 

knowledge in light of the grounds that support it and further conclusion to which it ends”. 

Characteristics which summarise the purpose of reflective thinking have been explained by 

Rodgers (2002, p.845) as four criteria: 

i. Reflection is a meaning-making process that moves the learner from one experience 

into the next with deeper understanding of its relationship with and connections to 

other experiences and ideas. It is the thread that makes continuity of learning possible, 

and ensures the progress of the individual and, ultimately, society. It is a means to 

essentially moral ends. 

ii. Reflection is a systematic, rigorous, disciplined way of thinking, with its roots in 

scientific inquiry. 

iii. Reflection needs to happen in the community, in interaction with others. 

iv. Reflection requires attitudes that value the personal and intellectual growth of oneself 

and of others. 

Reflective thinking, the zone of proximal development and Piaget’s development theory 

have all contributed to the development of constructivism, and whilst the advantages of 

constructivism have been defined above, there is also strong criticism within the literature 

which is explored in the following section. 

2.3.6.3 Criticism of constructivism 

The constructivist approach has been criticised for a lack of guided instruction. Olson (2003) 

questions how instructors can ensure that the constructed knowledge which a learner 

acquires is accurate when the learner is responsible for his/her own learning. Duffy and 

Jonasenn (1992) concur with this statement and suggest that for learning to be effective, 

learners must be guided, by instructors, to the information and understandings that are 

relevant to the context. Critics also claim that minimally guided instruction can lead to 

frustration, can be ineffective when compared with guided instruction, can be time 

consuming, and may result in worse outcomes (Albanese & Mitchell, 1993; Moreno, 2004). 

These may be true with ‘hard line’ constructivists, however, a more moderate approach needs 

to be taken, that is, one which guides learners through questioning, requires learners to 
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explain their processes, and to display their knowledge through participation in activities or 

projects. 

2.3.7 The value of prior knowledge in constructivist agricultural extension 

This chapter has presented various approaches to agricultural extension. Each approach has 

benefits and problems and each approach views the construction of learning differently. 

Whilst the concept of sustainable agricultural is not new, extension projects which seek to 

improve sustainable agriculture within Indigenous communities are more recent and 

therefore a new approach is needed, one where ways of thinking and acting change according 

to the community to which it is applied, and core to this is the inclusion of a learner’s prior 

knowledge. 

The growth and acceptance of constructivism as an approach to learning may be that it 

includes a core principle of Piagetian and Vygotskian learning theories, where an emphasis is 

placed on understanding a learner’s prior knowledge (Cakir, 2008). Approaching agricultural 

extension from a constructivist lens requires connecting the knowledge possessed by a farmer 

in a comprehensive ‘construct’ of experiences, concepts, emotions and facts, and their 

relationship with each other. Agricultural extension needs to understand that knowledge is 

acquired in relation to a farmer’s prior knowledge, and a lack of understanding of a farmer’s 

prior knowledge will result in new knowledge being presented in a format which cannot be 

incorporated into the farmer’s construct. In addition, if the extension approach fails to draw 

a farmer to their prior knowledge, the farmer “will either ignore or incorrectly incorporate the 

new knowledge” (Baviskar et al., 2009, p.543). 

2.4 Indigenous Farmer Prior Knowledge 

It has so far been argued in this chapter that current extension approaches are ineffective in 

providing Indigenous farmers with opportunities for learning of more sustainable agricultural 

practices. It has been argued that agricultural extension needs to include philosophies of 

andragogy and constructivism, and at the core of each of these is recognition and inclusion of 

a learner’s prior knowledge. Indigenous farmers possess a wealth of knowledge, often passed 

down from one generation to another (Radcliffe, 2016). The terms associated with this type 

of knowledge are traditional knowledge and Indigenous knowledge. For the purpose of this 
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thesis, Indigenous and traditional farmer prior knowledge will be herein termed Indigenous 

knowledge.  

2.4.1 Knowledge 

In 1597, the English philosopher Francis Bacon famously coined the phrase ‘knowledge is 

power’ (García, 2001). Since then, the concept of power from knowledge has been used in the 

colonisation of Indigenous peoples, corruption in governments, and the development of 

capitalism. At this point it is worth considering what this knowledge is. Zeleny (1987, p.59) 

offers a useful description of knowledge and its relationship to humans: 

Humans do not apply formalistic scaffolds of fixed rules of ‘knowledge’ to integrate the 

a priori given objective world of data ‘out there’: they do not compute the world. 

Regardless of some ‘knowledge’ modelling assumptions, just the opposite is true: 

humans use their subjectively perceived world of turbulent circumstances to bring 

forth (create, recreate and adapt), again and again, knowledge as an autopoietic 

network of relations through which they coordinate their actions. Such knowledge 

brings (through language) coherence and coordination to the otherwise turbulent and 

chaotic world of human action. Knowledge is not ‘processing information’ but a 

coordination of action. 

The ‘knowledge’ described above by Zeleny (1987) comes as two distinct states, tacit and 

explicit. Polanyi (1966) describes tacit knowledge as knowledge which cannot be captured 

through language or mathematics, as such can only be seen through action, that is, ‘we can 

know more than we can tell’ (Polanyi, 1966, p.4). Tacit knowledge is something which the 

owner knows, but is unable to describe it other than by its own performance, whereby, 

quoting Polanyi (1962, p. 51), “the aim of a skilful performance is achieved by observance of 

a set of rules which are not known as such to the person following them”. Tacit knowledge is 

local, it is not found in books or manuals but is made up of beliefs, perceptions, values, 

assumptions, daily activities and insights (Muthuveloo et al., 2017; Smith, 2001). 

In contrast to this, explicit knowledge is comprised of facts, rules, relationships and policies 

which are codified and shared without discussion (Wyatt, 2001), see Table 2.3. The sharing 

process can require large infrastructure investments (Hansen et al., 1999). Explicit knowledge 
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is technical knowledge, therefore requires some level of academic comprehension acquired 

through formal education or study (Smith, 2001). 

Just as the explicit Western scientific knowledge is constantly evolving, so too is the tacit 

knowledge of Indigenous farmers. Steeped in thousands of years of observation, Indigenous 

communities adapt practices, ceremonies, songs and art to environmental, geographical and 

social shifts (Atkinson, 2002; Cajete, 1994). 

Table 2. 3 The use of explicit and tacit knowledge 

Explicit knowledge Tacit knowledge 

Learn – on the job, self-directed, trial and 

error 

Learn – facilitation, openness, trust 

Teach -  based on syllabus, based on 

outcomes 

Teach – one-on-one, mentoring, 

apprenticeship 

Type of thinking – logical, factual, 

convergent thinking 

Type of thinking – creative, flexible, 

unchartered, divergent thinking 

Share knowledge – extracted from a person 

or manual, coded, stored and used when 

required 

Share knowledge – altruistic, networking, 

storytelling 

Source: Adapted from Smith, 2001. 

2.4.2 Indigenous knowledge 

Indigenous knowledge is an integral part of the culture and history of a local 

community. We need to learn from local communities to enrich the development 

process. James D. Wolfensohn, President of the World Bank (Gorjestani, 2000, p.265). 

The United Nations estimate that there are more than 370 million Indigenous people spread 

across 70 countries (United Nations, 2010) whose lives vary in cultural, social, economic and 

political characteristics. Indigenous groups often lack the opportunity of self-definition, in fact 

the UN working Group on the Declaration on the Rights of Indigenous Peoples states ‘a 

definition of Indigenous peoples was unnecessary and that to deny Indigenous peoples the 

right to define themselves was to delimit their right to self-determination’ (Kapoor & Shizha, 

2010, p.2). 
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For the purposes of this review a broad definition is necessary to provide a distinction between 

Indigenous and non-Indigenous peoples. The United Nations Department of Economic and 

Social Affairs (2004, p.2) defines Indigenous peoples with historical continuity and colonialism 

as the common experience: 

Indigenous communities, peoples and nations are those which, having a historical 

continuity with pre-invasion and pre-colonial societies that developed on their 

territories, consider themselves distinct from other sectors of the societies now 

prevailing on those territories, or parts of them. They form at present non-dominant 

sectors of society and are determined to preserve, develop and transmit to future 

generations their ancestral territories, and their ethnic identity, as the basis of their 

continued existence as peoples, in accordance with their own cultural patterns, social 

institutions and legal system. 

The United Nations Department of Economic and Social Affairs (2004) describes the concept 

of historical continuity as a continuation of one or more of the following: occupation on 

ancestral lands; common ancestry with the original occupants of the land; culture in general; 

language or residency. 

Defining Indigenous knowledge is as contested as the definition of Indigenous people. 

Literature varies in defining Indigenous knowledge, from portrayals of relationships with land 

and spirits to colonial and imperial impositions. Kanki and Mphahele (2002, p.3) broadly define 

Indigenous knowledge as “a body of knowledge which has accumulated over decades, it 

represents generations of creativity from individuals and communities within an ecosystem of 

continuous residence in an effort to cope with social or environmental changes”. Indigenous 

knowledge built from informal learning, is practical, founded on observation and generally 

communicated orally, as shown in Table 2.4. Indigenous knowledge may appear simple and 

even backwards to some, yet it is often intricate and elaborate (Swartley, 2002). Indigenous 

knowledge is the social capital of the poor and represents a wide variety of fields including 

agriculture, arts, health, music, crafts, and dance.  

The concept of Indigenous knowledge was developed primarily by Warren (1989a, 1989b, 

1991, and 1999).  Warren’s work introduced Indigenous knowledge into the mainstream 

development theory. Interest in Indigenous knowledge has been particularly directed toward 
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shifting economic and ecological development into sustainable development (Breidlid, 2009; 

Martin & Rajasekaran, 1994; Mulyoutami et al, 2009; Williams & Muchena, 1991). There is 

now an increasing recognition that Indigenous knowledge is key to sustainable development 

and that Indigenous social and environmental knowledge should be an important foundation 

for sustainable resource management (Crevello, 2004). 

Table 2. 4 Interrelated characteristics of Indigenous Knowledge 

Key Characteristic Aspects 

Indigenous knowledge is 

local 

Generated by the experiences of the people living in 

those places 

Informal learning Communicated orally, decentralised, by imitation or 

demonstration 

Empirical Founded on observation 

Practical Based on practical experimentation over a 

prolonged period of time 

Repeated Indigenous knowledge is repeated, even when new 

knowledge is added 

Dynamic Constantly changing, being discovered, lost and 

produced 

Holistic Holistic orientation, not fragmented 

Shared Generally asymmetrically disseminated within a 

population by gender, age of status. 

Fragmented It does not exist in its full form in any one place or 

with any one individual 

Optimal ignorance Knowledge is only as detailed and accurate as is 

required to address the problem 

Tacit Implicit, uncodified, intuitive, often does not require 

verbal or written communication 

Source: Adapted from Ellen and Harris (1996) and Antweiler (2004) 

  



42 
 

 
 

2.4.2.1 The potential for enhancing sustainable development through Indigenous 

knowledge 

Critics describe Indigenous knowledge as situational knowledge. Swartly (2002) suggests that 

if it cannot be separated from culture then it has little application or value outside of the 

cultural contexts. In contrast, critics of Western knowledge argue that Western knowledge 

only furthers the interest of the elitists (DeWalt, 1999). As described by Amudhavalli (2007), 

it is these elitists who view knowledge as a commodity and those possessing the knowledge 

prefer to control it and disseminate this knowledge only when it is beneficial to them  

Both supporters and critics of Indigenous knowledge have raised concerns of the rapid loss of 

Indigenous knowledge (Swartley, 2002). UNESCO (2008) estimate that 600 languages were 

lost in the last century and this loss continues at the rate of one language every two weeks 

with the potential of 90 percent of the world’s languages lost by the end of this century. The 

loss of language ties closely to the loss of knowledge, that is, “the loss of language is part of 

the loss of whole cultures and knowledge systems, including philosophical systems, oral 

literacy and music traditions, environmental systems [and] medical knowledge” (Hinton, 2001, 

p.5). Research undertaken by Dweba and Mearns (2011) demonstrated that a loss of 

Indigenous knowledge leads to food insecurity and a lack of diet diversity which results in 

micronutrient deficiencies. Ngulube (2002) and Swartely (2002) argue that Indigenous 

knowledge should be preserved and safeguarded against the advancement of Western 

knowledge and culture, however, DeWalt (1999) suggests that a framework which integrates 

Indigenous knowledge and Western knowledge should be the objective rather than isolation 

of both. 

DeWalt (1999) critiques research of Indigenous knowledge more evenly and discusses both 

the weaknesses and the strengths of Indigenous knowledge models. DeWalt (1999) raises the 

validity of various social science research, describing some of their application of Indigenous 

knowledge as having almost ‘missionary fervour’. Applying Indigenous knowledge in such a 

manner fails to recognise the value that Western science has in improving sustainable 

agriculture, such as mechanisation and climate smart technology. However, the question 

remains as to the complementary capacity of Indigenous knowledge and Western science. To 

explore this requires a deeper understanding of the value of Indigenous knowledge. 
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2.4.2.2 Value of Indigenous knowledge 

There is widespread recognition that Indigenous knowledge is vital for sustainability (Athayde 

et al., 2017) and this value is supported by scholars such as Brush (1996), Chambers (1997) 

and Warren (1989a, b, 1991, 1999). Durning (1992, p.7) assessed the value of Indigenous 

knowledge, surmising that Indigenous people 

“...possess, in their ecological knowledge, an asset of incalculable value: a map to the 

biological diversity of the earth on which all life depends. Encoded in Indigenous 

languages, customs, and practices may be as much understanding of nature as is 

stored in the libraries of modern science”. 

Historically, Indigenous knowledge was thought as ‘backward’ and deemed static (Langill, 

1999). Yet Zhihong (2003) and Moyo (2009) argue that Indigenous knowledge is flexible and 

varied, and that it evolves to suit ever changing situations and conditions. Warren (1991) 

fortifies this and describes Indigenous knowledge as dynamic, changing through innovation 

and creativity. Rajasekaran (1993) points out that although Indigenous knowledge systems 

appear simple to outsiders, they are often elaborate, holistic, and are adaptable to suit local 

culture and environmental conditions. Indigenous knowledge represents an important 

contribution to the global development knowledge and provides problem-solving strategies 

for local communities (Rao, 2006). 

The value of Indigenous knowledge does not lie simply in the knowledge of local soils, flora 

and fauna, but also offers: 

• an inherent value in mitigation and adaption to climate change and demonstrates how 

local populations have managed previous droughts (Nyong, Adesina, & Elasha, 2007; 

Smith & Sharp, 2012); 

• a significant role in the improvement of household food security (Agea, Lugangwa, & 

Kambugu, 2008; Obua et al., 2008; Okoye & Oni, 2017); 

• a culturally appropriate, low cost, use of local resources (Gorjestani, 2000; Sillitoe, 

2017); and 

• a capacity to improve agricultural sustainability (Lwoga et al., 2010b). 
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Indigenous knowledge has immense value, however, the difficulty is for extension officers to 

understand it in its natural form, as explored in the following sections of this chapter.  

2.4.2.3 Community levels of Indigenous knowledge 

Indigenous communities often operate on a hierarchical system where, although Indigenous 

knowledge is broadly shared by those within the community, there are differences in the 

levels of knowledge among people according to gender, age, experience and social status 

(Barrera-Bassols & Zinck, 2003). 

Antweiler (2004) considers Indigenous knowledge as three generalised levels, as shown in 

Table 2.5. Firstly, Indigenous knowledge is of a declarative nature, it is knowledge of elements 

relating to the social and natural environment. This type of knowledge could include 

classifications and categories of animals or plants and is often used within the ethnosciences16. 

Secondly, Indigenous knowledge may be considered as procedural knowledge such as changes 

to an environment or the preparation for sowing times of crops. The third level of Indigenous 

knowledge is the ‘complex’ level and includes causal knowledge and knowledge of complex 

systems such as agricultural systems, animal husbandry, ecological systems or cultural 

systems. The complex knowledge is holistic and synergistic, and as Nakashima and Roue (2002, 

p.2) advise, “it would be self-defeating to consider farmer knowledge of rain patterns, soil 

types crop varieties apart from the ways in which this information is put into practice ... in 

other words [complex] Indigenous knowledge includes not only knowledge but know-how”. It 

is this holistic and complex level of Indigenous knowledge which could lead to improved 

development of sustainable agricultural systems. 

There are epistemic similarities between the declarative and procedural knowledge of 

Indigenous knowledge and science knowledge, yet the complex level of Indigenous knowledge 

highlights the difficulty of integrating Indigenous knowledge with the reductionist concepts of 

Western Science. 

  

                                                      
16 Ethnosciences include ethnobiology, ethnoecology and ethnoagriculture (Atran, 1991). 
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Table 2. 5 Levels of Indigenous knowledge 

Forms and levels of knowledge Examples 

Declarative knowledge 

- Identification and naming knowledge 

- Factual knowledge 

- Cataloguing knowledge 

Traits of animals, plants, temperature, social 

status. 

Ordering of organisms. 

Procedural knowledge 

- General processes 

- Specific processes 

Farming calendars, environmental crises, 

natural resource management. 

Complex knowledge Model of whole society, cropping systems, 

ecological systems, decision making 

procedures, therapies. 

Source: Antweiler, 2004. 

2.4.2.4 Holistic nature of Indigenous knowledge 

Brown (2005, p. 35) classifies the term ‘holistic’ contrastingly as “the essence of the whole, or 

the whole of the whole”. The latter may be applied to thinking systematically, constructing a 

world view and developing a set of interconnected parts. Within Indigenous knowledge these 

parts are neither constructed by a research team nor based upon theoretical presumptions. 

They are the rationale of an individual or a community who themselves are connected to the 

domain of holism. Some perceive holism as a presumptuous attempt to know everything 

about everything (Brown, 2005) but Indigenous holism is more of an understanding of one’s 

context: environmental, cultural, social and hierarchical. 

Indigenous knowledge is generally regarded as holistic whereby knowledge is constructed first 

by an individual and if this Indigenous knowledge is to last through the generations it must be 

carried forward into social rules which form the basis of holistic symbols of ‘correct ideas and 

proper behaviour’ (Brown, 2005, p. 134). These symbols include ceremonial songs and dances, 

stories and artworks which are transmitted through the generations. Traditional processes are 

composed from observing natural processes, adapting methods of survival, acquiring food and 

using natural materials to construct tools for improved efficiency (Barnhardt & Kawagley, 

2005). In 2002, the World Health Organisation formed the Committee on Indigenous Health 
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who prepared the Declaration on the Health and Survival of Indigenous People which affirms 

the holistic perspective, stating: 

Indigenous peoples’ concept of health and survival is both a collective and individual 

inter-generational continuum encompassing a holistic perspective incorporating four 

distinct shared dimensions of life. These dimensions are the spiritual, the intellectual, 

physical, and emotional. Linking these four fundamental dimensions, health and 

survival manifests itself on multiple levels where the past, present and future co-exist 

simultaneously. (Committee on Indigenous Health, 2002, para. 16) 

The declaration proposes that the holistic perspective is not only the way in which Indigenous 

people operate, but is essential for their health and survival. This notion highlights the 

importance of agricultural extension not replacing Indigenous knowledge with Western 

knowledge but allowing Indigenous people access to Western knowledge, values and culture. 

Agriculture is a key to the health and survival of Indigenous people and agricultural Indigenous 

knowledge should be built upon using Western science in accordance to the needs and wants 

of the local communities. The difficulty of constructing Western science into Indigenous 

knowledge systems may stem from Indigenous knowledge connections to socio-cultural 

beliefs, holism and empiricism. 

2.4.2.5 Empiricism of Indigenous knowledge 

Empiricism stresses the role of experience in understanding (Humphreys, 2004). 

Epistemologically, experience is our principal guide and authority. Experience justifies the 

validity of our conceptions and theories about the world, and it is experience that assists us in 

improving our conceptions and theories when they are proven untenable (Gupta, 2006). The 

development of Indigenous knowledge is very much as a format of empiricism, yet Indigenous 

knowledge is also founded on sociocultural and economic beliefs (DeWalt, 1999). 

Much of the research based around the use of Western science to build on Indigenous 

knowledge and vice-versa, tends to focus on the contents of the Indigenous knowledge 

systems (see for example Braimoh, 2002; Dweba & Mearns, 2011; Gray & Morant, 2003; 

Juanwen et al., 2012; Manyevere et al., 2020; Mulyoutami et al., 2009; Saito et al., 2006). This 

focus has been to the detriment of a deeper comprehension of the epistemology of 

Indigenous knowledge, where the attention has primarily been on empirical knowledge and 
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how this may be used in environmental, agricultural and natural resource management for 

the communities (Briggs, 2005). Without considering the socio-cultural and economic 

contexts, projects become disconnected from their communities (Briggs, 2005). A Western 

epistemology that occludes epistemological systems of others is reductionist and distortive to 

the point where it becomes intellectual and cultural imperialism (Said, 1978).  

Decoupling Indigenous knowledge from its sociocultural context allows it to be an ambiguous 

science-like representation “which encourages focussing on those aspects thought to mirror 

our science and technology and likely to prove amenable to further manipulation” (Sillitoe, 

1998, p. 189). When considering any of the Western ethnosciences, it is often the case that 

Indigenous knowledge is selected and constructed by Western scientists to suit a particular 

stream of science, maintaining that it is in the interest of the local community, whereas the 

standing of this knowledge may be very different as seen from a local perspective. It is as if 

Indigenous knowledge deemed worthy must be in some way be testable in a Western science 

format. It is not being suggested that studies, earlier referred to by Braimoh (2002), Gray and 

Morant (2003) and others are either empirically weak or lack importance, on the contrary, 

their contributions have been significant to the field of soil sciences and Indigenous 

knowledge, but the studies do lack recognition of cultural, social or political contexts.  The 

assumption that definable bodies of knowledge free of sociocultural context exist, is 

unacceptable (Sillitoe, 1998). 

2.4.2.6 Keeping Indigenous knowledge in its cultural context 

Culture is the collective programming of the mind and differentiates ways that people live and 

experience life (Lindsay, 2005).  When studying social settings outside our own, there is a need 

to learn and understand the culture, as it is often not only the need to understand how people 

do what they do, but also why (Atkins & Hammersley, 2007). 

Clifford Geertz describes the Balinese trance where Balinese fall into dislocated states in which 

they perform extreme activities such as stabbing themselves with daggers, biting off the heads 

of living chickens, speaking in tongues and throwing themselves wildly about (Geertz, 1973). 

From this Geertz (1973) questions what one learns about human nature, stating “that the 

Balinese are peculiar sorts of beings? That they are just the same as we at base, but with some 

peculiar, but really incidental, customs we do not happen to have gone in for? They are 
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innately gifted or even instinctively driven in certain directions rather than others? Or that 

human nature does not exist and men are pure and simply what culture makes them?” In 

reasoning the purpose of cultural research, Geetz (1973, p. 4-5) explains that “man is an 

animal suspended in webs of significance he himself has spun ... I take those webs, and the 

analysis of it to be therefore not an experimental science in search of law but an interpretive 

one in search of meaning”. 

The concept of the ‘web’ which Geertz describes culture to be, cannot be viewed as one 

dimensional. The Balinese trance is only one part of the web of Balinese culture, for the 

Balinese are also intricately involved in agriculture, family and medicine, and as such, the 

search for meaning described by Geertz requires multi-dimensional exposure to a culture. 

Culture is recognised by Hultman (2012, p. 160) as having three distinct levels: espoused, 

actual, and desired. Transposing these levels into an Indigenous framework demonstrates the 

complexity of culture. 

i. Espoused culture, defined by verbal communication, written statements and, 

according to Kola-Olusanya (2012), is embodied within cultural belief systems and 

cultural rules. 

ii. Actual culture, formal and informal patterns of communication. 

iii. Desired culture, reflected by the communities vision for the future. 

All cultures desire an improved future, whether this be economically, nutritionally, spiritually 

or that of a community’s health. Progressing toward these desires is continuous and as a result 

there will continually remain variances between the espoused culture and the actual culture. 

This is not necessarily always a negative issue, providing people recognise that the community 

is moving forward toward the desired culture (Hultman, 2012). 

2.4.2.7 Indigenous knowledge and intellectual property: Biopiracy? 

Cultural research on customs, such as above by Geertz, or about the way Indigenous people 

use floral and faunal elements has, for the most part, been freely obtained by Western 

researchers and collectors (Drahos, 2000). Perceptions, with regards to the value and worth 

of Indigenous knowledge are beginning to change across all levels of global governance 

(Drahos, 2011). There are now treaties which outline the importance for recognition of 



49 
 

 
 

Indigenous knowledge; two most noted treaties are the Convention on Biological Diversity17 

(United Nations, 1992), in particular Article 8(j), Articles 29 and 31(1), and the United Nations 

Declaration on the Rights of Indigenous Peoples, adopted by the General Assembly in 2007. 

Despite these treaties, current intellectual property arrangements cannot effectively meet the 

needs and aspirations of Indigenous people and open the way for creative policy alternatives 

(Norchi, 2000). It is acknowledged that treaties recognise the value of Indigenous knowledge, 

however, a purer form of intellectual property should apply to Indigenous peoples similar to 

those which multinational corporations demand (Norchi, 2000). This would enable Indigenous 

communities to benefit from identification and preservation of Indigenous knowledge as it 

would become a marketable commodity. There are a range of social issues associated with 

this approach, in particular how the benefits of Indigenous knowledge belonging to a 

community would be distributed. 

There is general agreement that using Indigenous knowledge has the potential to enhance 

sustainable farming practices, however, there remains the issue that intellectual property 

rights may inhibit extension agency access to Indigenous knowledge. Karjala (2010) argues 

that intellectual property rights are not there to provide equity or reward but to recognise the 

authorship of new inventions or works and, as Indigenous knowledge is considered old or 

existing knowledge, then there is no reason to lock it up in property rights. Once Indigenous 

knowledge becomes intellectual property, its diffusion may be limited to those willing to pay 

the highest price, which may result in a loss of access for government organisations, such as 

extension agencies, where its application may have broad benefits (Karjala, 2010). 

The potential of Indigenous knowledge to contribute to sustainable agriculture is significant 

(Lwoga et al., 2010b). Innovations which stem from Indigenous knowledge should be 

recognised under intellectual property rights, however, locking Indigenous knowledge into a 

legal clause may further impede18 innovation and limit access to potential users. Policy needs 

                                                      
17 Supplementary agreements to the Covention on Biological Diversity are the Cartagena Protocol and Nagoya 
Protocol which also recognise the importance of Indigenous knowledge in the areas of biosafety and equitable 
access to genetic resources.  
18 Investment in agricultural innovation is already hindered by corporate practices such as evergreening (the 
process of extending patent protection of follow-on products in order to extend their monopoly), patent 
trolling (where companies own IP and profit by litigation rather than production) and patent thickets (where 
innovation cannot progress without violating other companies IP). 
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to be reviewed to ensure that intellectual property rights does not hinder innovation and 

therefore investment. 

2.4.3 Integrating Indigenous knowledge and scientific knowledge for sustainable 

agricultural knowledge creation: Critique and proposals 

The knowledge of local people ...has a comparative strength with what is local and 

observable by eye, changes over time, and matters to people. It has been undervalued 

and neglected. But recognising and empowering it should not lead to an opposite 

neglect of scientific knowledge... the key is to know whether, where and how the two 

knowledge’s can be combined, with modern science as servant, not master, and serving 

not those who are central, rich and powerful, but those who are peripheral, poor and 

weak, so that all gain (Chambers, 1997, p205). 

Traditional Western scientific thinking19 generally considers that there is one way of knowing, 

the positivist paradigm. Within the positivist paradigm, knowledge is logical, rational and 

founded by objective statistical analyses of controlled experiments (Haverkort & Reijntjes, 

2010). Dissemination of Western agricultural knowledge for development is generally 

achieved through agricultural extension. Classically, this approach to development has been 

through transfer of technology, from more developed to less developed countries. As 

mentioned previously, transfer of technology ignores Indigenous knowledge, instead, 

replacing it with scientifically derived technical solutions which endeavour to provide greater 

yields and increased profit. Despite the perceived benefits of technical solutions, adoption 

rates in developing countries remain low. Learners are ready to learn when they have a need 

for it, that is, when they want to apply what they have learnt to living more effectively 

(Knowles, 1970) and an extension approach which understands this will result in greater 

adoption rates.  

Western scientific knowledge is process based, producing facts through reductionism20. 

Reductionism relies on breaking a problem down into discrete components, analysing each of 

them in isolation and then reconstructing them in the form of what Latour (1987) calls 

‘immutable mobiles’, shown as knowledge characteristics in Table 2.6. By immutable mobiles, 

                                                      
19 Referring to the ‘hard’ sciences, as it is recognised that social sciences have alternative views 
20 Also known as Cartesian reductionism 
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Latour refers to information which can travel from one point to another without distortion or 

modification (Cooren et al., 2007). Immutable mobiles are easily relocated when a need is 

created, and they are generally of high detail and based on solid theory.  

Table 2. 6 Characteristics of current knowledge systems as applied to agriculture 

Western scientific knowledge systems Traditional Indigenous knowledge systems 

Means used to study phenomena 

Specialised, partial 

Based on experimentation 

Quantitative 

Synchronic data 

General, holistic 

Based on observation 

Qualitative 

Diachronic data 

Education 

Written tradition 

Taught and learned abstracted from 

the applied context 

Objective 

Oral tradition 

Learned through observation and 

hands on experience 

Subjective 

Resource utilisation characteristics 

Dependent on external resources 

High input 

Land intensive 

Labour saving 

Market risk 

Complicated technology 

Specialised adaptive strategies 

Global sources 

Dependent on local resources 

Low input 

Land extensive 

Labour demanding 

Environmental risk 

Simple technologies 

Diverse adaptive strategies 

Local sources 

Output 

Low productivity for energy inputs 

Cultural disjunctions 

Profit goals 

High potential for degradation 

Not sustainable 

Low productivity for labour inputs 

Culturally compatible 

Subsistence goals 

Low potential for degradation 

Sustainable with low population 

densities 

Knowledge Characteristics 

Immutable mobiles Mutable immobiles 

Source: Adapted from Johnson, 1992; Grenier, 1998; DeWalt, 1999. 

Along with its strengths, reductionism has its limitations as the process lends itself to a ‘woeful 

ignorance of the wider context’ and the selection of the phenomena to be studied relies on 
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its ability to be broken down into ‘researchable pieces’ (DeWalt, 1999, p.104). Within the 

context of agriculture, many of the practices of industrial agriculture are based on immutable 

mobiles, such as crop selection, planting times and pesticide and fertiliser application. 

In contrast, Indigenous knowledge is formed on mutable mobiles, that is, information which 

is malleable, adapts to the local environment and is holistic. It is this concept of holism which 

creates the impressions to some that Indigenous knowledge is simply a form of pseudo-

science (Nakashima, 2000), a pejorative notion, however, it demonstrates the ongoing 

demarcation problem21 between science and epistemology.  

Western science often promotes techno-centric solutions, such as the green revolution and 

the upcoming biotechnological revolution, as magic bullets (Alteiri, 2000). This approach fails 

to recognise that many solutions may simply lie in adjusting and making many micro changes 

to complex systems. There is a belief among scientists that science is “value-free and socially 

and culturally neutral” (DeWalt, 1999, p.117), however, any research is fundamentally part of 

its social context. Sillitoe (2009, p.13) supports this notion, stating that “scientific research 

does not take place in some socio-politically neutral environment where those who quest after 

pure knowledge live”. 

Western scientists have tended to regard Indigenous knowledge as “methodologically 

questionable, anecdotal, or at best, of localized importance” (Brodnig & Mayer-Schonberger, 

2000, p.2). Characteristics of Indigenous knowledge often frustrate Western scientists, as 

exemplified by Blaikie et al. (1997) who suggests that Indigenous farmers have an irrational 

response to development. This irrational response, when viewed through an alternative 

epistemological lens, may be very rational. For example, the concept that an Indigenous 

farmer whose farming is purely subsistence and not necessarily focused on increasing yield 

may be viewed through the Western lens as economically irrational, but to the farmer who 

has little comprehension of avoiding risk this practice seems highly rational (Cleveland & 

Soleri, 2009).  

Ecologically, Indigenous knowledge and Western science are epistemologically different, 

however, both can significantly contribute to the enhancement of sustainable agriculture.  It 

has been explored in this thesis so far that 1) Indigenous knowledge contributes positively to 

                                                      
21 Karl Popper sought to distinguish science from nonscience and termed this quest ‘the demarcation problem’.  
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the concept of sustainable agriculture, as farmers have intimate knowledge of their 

environment and 2) Western scientific knowledge contributions hold greater explanatory 

powers. Unfortunately, most collaborations do not progress in such an ideal manner, as 

Western scientists often “find it easy to discriminate against Indigenous knowledge as being 

of lesser value and validity” (Ross et al., 2010, p.53). This thesis argues that core to this 

discrimination is the recognition and validation of Indigenous knowledge at a global level. The 

1999 World Conference on Science assisted in establishing the concept of recognition, as it 

resulted in the Declaration on Science and the Use of Scientific Knowledge. In reference to 

Indigenous knowledge, paragraph 26 of the declaration observes that: 

 “traditional and local knowledge systems, as dynamic expressions of perceiving and 

understanding the world, can make and historically have made, a valuable contribution 

to science and technology, and that there is a need to preserve, protect, research and 

promote this cultural heritage and empirical knowledge” (International Council for 

Science (ICS), 2002). 

The declaration recommended that governments support cooperation between Indigenous 

knowledge holders and scientists and to foster linkages of mutual benefit. The International 

Council for Science (2002) paper raised concerns over the gradual weakening and 

disappearance of Indigenous knowledge and outlined several steps to reverse the trend, 

including: 

• “sustain traditional knowledge systems through active support to the societies that are 

keepers and developers of this knowledge; 

• promote training to better equip young scientists and Indigenous people to carry out 

research on traditional knowledge; 

• promote and develop research to better appreciate traditional knowledge” 

(International Council for Science, 2002, p.12). 

Science needs to move at a greater speed to recognise the value of Indigenous knowledge. 

Whilst some agricultural extension projects in developing countries attempt to include 

Indigenous knowledge, it is science which dominates the project with fragments of Indigenous 

knowledge added to seem more participatory (ICS, 2002). DeWalt (1999) attempts to merge 

Indigenous knowledge and Western science, and presents a means to study the phenomenon, 
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as in Table 2.7. DeWalt’s framework suggests that in order for improved outcomes, 

characteristics should fall between or combine mutable and immutable mobiles. 

Table 2. 7 Framework for merging Indigenous knowledge and Western science 

Means used to study phenomenon 

Holistic and general 

Mixture of observation and experimentation 

Resource use characteristics 

Dependent on local resources with moderate mixture of exotic and external resources 

Low input with addition of minimal critical inputs 

Land intensive 

Labour demanding but not labour onerous 

Appropriate technologies 

Risk adverse (to climate and market) 

Flexible adaptive strategies 

Indigenous knowledge outputs 

High productivity for labour and energy input 

Culturally compatible 

Food security and comfortable level of living 

Sustainable with high population densities 

Regenerative 

Knowledge characteristics 

Mutable mobiles 

Source: DeWalt, 1999, p.119. 

Despite the good intentions of DeWalt’s framework, it is questionable whether such 

integration would be synergistic. Western science holds an inherent balance of power, 

therefore poses a threat to Indigenous knowledge. Scientists will sift through Indigenous 

knowledge and select elements of knowledge judged as useful, while the remaining 

knowledge could be conveniently discarded. By ‘knowledge-mining’ Indigenous knowledge, it 

becomes dismembered and the cultural and social foundations are undermined (Nakashima, 

2000). The concept of knowledge-mining is of particular concern when the research or project 

is to be used to stimulate a local change which is not in alignment with community desires, 
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inevitably leading to failure and a culture of distrust of research (Emery, 2000; Swartley, 2002; 

Wolfley, 1998). Methods and models to address the differences between the concepts of 

Western science and the holism of Indigenous knowledge are lacking (Verlinden & Daycot, 

2005), and this thesis presents a solution to this, as later detailed in Part B of this chapter. 

2.4.4 Building on andragogy for Indigenous farmers 

The time is ripe for extension services of developing countries which continue with traditional 

extension approaches to shift toward a new professionalism, from teaching to facilitation. 

Extension facilitation, as opposed to top-down approaches, assists farmers to work together 

to implement a change of practices and develop solutions to complex problems (Cristóvão et 

al., 2012). Facilitation of agricultural extension projects should promote a constructivist 

approach, build trust, and be multidisciplinary (Pretty, 1995). In addition, facilitation should 

ensure contextual solutions, value knowledge and culture, create trust, be holistic and 

understand the impacts of globalisation and post colonialism (Kral & Falk, 2004; McIntyre et 

al., 2009; Mur et al., 2016). 

Although the philosophies of andragogy respond, to some extent, to the requirements of 

facilitation, facilitated agricultural extension may require more than andragogy. For example, 

deep learning requires a context (Sawyer, 2006), thus to promote deep learning among 

Indigenous farmers, agricultural extension projects should allow for thick contextualisation 

and be locally relevant (Mur et al., 2016). Andragogy may also be enhanced by including 

components of the Indigenous farmer’s culture and through specific initiatives to improve 

trust. 

Culture characterises a society’s beliefs, language, technology, laws and identity. Indigenous 

cultural knowledge may be stored in a variety of formats including: customs, traditions, songs, 

legends, myths and proverbs (Omolewa, 2007). However, Indigenous cultural knowledge is 

often viewed negatively by younger generations (see Muthu et al., 2006; Radcliffe, 2016). 

Promotion and re-valuing of cultural knowledge may shift the learner’s identity from one that 

is often negative to one which is positive (Guy, 1999). The principles of sustainable agriculture 

(as explored in Chapter 2.2), within the context of Indigenous agriculture, would benefit from 

entwining the two cultures, both Indigenous culture and Western culture, and therefore both 

should be acknowledged. Darder (1991, 2012) defines this type of educational environment 
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as biculturalism, defining it as “a process wherein individuals learn to function in two distinct 

sociocultural environments: their primary culture and that of the dominant mainstream 

culture of the society in which they live” (1991, p.48). 

In addition to the inclusion of culture, andragogy may be enhanced through mutual trust, that 

is, between Indigenous farmer, extension agency and/or researcher. Trust is often raised as a 

constraint in furthering Indigenous adult education (see Kral & Falk 2004; Radcliffe et al., 2016; 

Riggs, 2005). In fact, low adoption rates  of extension practices and technologies is often a 

result of a lack of understanding of the local context by extension agencies and a distrust of 

Western science from farmers. (Verlinden & Daycot, 2005). Agricultural extension projects 

may consider incorporating mechanisms which strengthen trust between extension officers, 

learners and cultures, such as allowing time for dialogue among participants and an 

opportunity to fully grasp new ideas and explore of alternative options (Ens et al., 2012). 

A new professionalism of agricultural extension which builds on from andragogy may also 

consider the inclusion of Indigenous knowledge. Agricultural extension officers often have a 

limited appreciation of Indigenous knowledge, hampering their ability to understand local 

problems, communicate with farmers and identify opportunities for improved practices 

(Sinclair & Walker, 1999). Within the framework of andragogy, Indigenous knowledge may be 

viewed as a farmer’s prior knowledge (see Table 2.2). For enhanced adaptive innovation, 

farmer’s prior knowledge needs to be acknowledged by extension officers (van de Fliert et al., 

2010). A lack of understanding of a learner’s prior knowledge may result in new knowledge 

being presented in a format which cannot be incorporated into the learner’s construct, 

likewise “if the learner’s attention is not drawn to their prior knowledge, the learner will either 

ignore or incorrectly incorporate the new knowledge” (Baviskar et al., 2009, p.543; Vygotsky, 

1978).  

A new professionalism in agricultural extension which builds on from andragogy could also 

learn from the impacts of colonialism and globalisation, particularly in light of developing 

countries preparing for their third stage of colonisation. The first stage was the need to 

‘civilise’ the non-white people, the second was to ‘develop’ and finally there is a need for the 

developed world to ‘protect the environment’ of the developing countries (Beymer-Farris & 

Bassett, 2012; Mies & Shiva, 1993). Whilst some agricultural extension approaches recognise 

that agriculture in developing countries should be collaboratively developed, any efforts to 
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protect the environment through colonialist protectionism will only promote the Eurocentric 

social construction of superiority and dominance and leave Indigenous farmers lacking self-

determination, feeling devalued and out of place (Battiste, 2004).  

Building on from andragogy should also consider the impacts of globalisation. Whilst 

globalisation has improved farmer access to technology and markets, it has also led to a 

decline in household subsistence production (Reddy, 2006) and an erosion of Indigenous and 

national culture and language (Pirnea et al., 2012). Globalisation is having an irreversible 

impact on developing countries through land use change, deforestation and land degradation 

(Mertz et al., 2005), resulting in many developing countries being shifted to the ‘fourth world’, 

that is, moving from a “structural position of exploitation to a position of structural 

irrelevance” (Castells, 1993, p. 37), what Pirnea et al. (2012) term corporate colonialism. 

Finally, to build on from andragogy, agricultural extension could consider approaching 

learning more holistically, a key characteristic of Indigenous knowledge (see Table 2.4). 

Although Indigenous knowledge is passed from generation to generation in a holistic 

approach, agricultural extension projects are often delivered in fragmented ‘chunks’ of 

information (Berkes & Berkes, 2009). The International Assessment of Agricultural Science and 

Technology for Development (IAASTD) recommended radical changes and a reorientation of 

agricultural science and technology, including a more holistic approach (McIntyre et al., 2009). 

In order for extension projects to establish holistic links, McGrath (2007) suggest three key 

questions to ask: 

1. When we map out the program, what themes will tie the program together? 

2. How will different trainers incorporate the themes? 

3. What overlap and repetition exists between learning outcomes? 

Agricultural extension should acknowledge the multidimensional world views of Indigenous 

farmers and not only develop intellectual and vocational aspects of farmers, but also the 

physical, social, creative and cultural aspects (Mahmoudi et al., 2012).  

2.4.4.1 Agricultural extension, Indigenous farmers and sustainability: What’s the 

connection? 

Whilst there are many and varied approaches to agricultural extension, including top down, 

participatory and advisory, there are no clear frameworks for sustainable agricultural 
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development which incorporate science, Indigenous knowledge, Indigenous culture and adult 

education (Mahmoudi et al., 2012). 

Chapter 2 Part A has explored the concept of sustainable development and highlighted that 

regardless of the path chosen for food security, the planet will transit to sustainability and to 

achieve an orderly transition, appropriate policies, technologies and training need to be 

established. Currently, policies and training in agricultural extension services in many 

developing countries are not adequate, and in fact, the commonly used approach of transfer 

of technology fails to recognise farmer knowledge, lacks context, is driven by top-down policy 

and, whilst valuable in the green revolution, does not promote sustainable agriculture. Whilst 

more participatory approaches have been applied in developing countries, as has been 

highlighted in this chapter, there are significant limiting factors to their application in the 

context of Indigenous smallholder farmers, particularly the inclusion of Indigenous agricultural 

knowledge. It has been the purpose of Chapter 2 Part 1 to highlight the knowledge and 

practice gap in current approaches to agricultural extension in developing countries. Chapter 

2 Part B further explores Indigenous knowledge and investigates how corporate organisations 

manage knowledge and create new knowledge which then leads into the theoretical 

proposition and new extension model as developed and presented in this thesis. 
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Chapter 2 Literature Review Part B 

Part A of this literature review explored the ways in which Indigenous knowledge as a valuable 

resource which, when entwined with Western science, has the potential to enhance 

agricultural extension outcomes. The purpose of Part B of the literature review is to identify 

methods used to understand, collate, store and disseminate knowledge and assess the 

applicability for Indigenous knowledge management. The final part of this chapter grafts the 

key concepts of this literature review (sustainable agriculture, agricultural extension, 

Indigenous knowledge and culture, Western science and knowledge management), and 

presents an alternative extension approach, which was developed by the researcher for this 

particular study and employed in the field in Papua New Guinea and Vanuatu, the Extension 

for Sustainable Agricultural Development (ESAD). This alternative approach is formed through 

the theoretical proposition (Section 2.6). This chapter then concludes with a chapter 

summary.  

2.5 Managing Indigenous knowledge 

To act on the belief that we possess the knowledge and the power which enable us to 

shape the processes of society entirely to our liking, knowledge which in fact we do not 

possess, is likely to make us do much harm (von Hayek, 1975, p.441) 

A predominantly reductionist application of Western science can hinder the ability to view a 

system in a holistic manner, often leading to myopic decision-making in the perceived 

interests of society. In contrast, Indigenous knowledge uses the lens of experience, 

observation and interconnectedness to make decisions which are, more often than not, 

sustainable (Altieri & Nicholls, 2017). In a world which continues to flounder in its efforts with 

sustainability, we urgently need to further our understanding of Indigenous knowledge. 

Unfortunately, science, politics and economics are encroaching on, and in many places, 

eroding Indigenous knowledge. Indigenous communities are vast repositories of knowledge 

and experience and the disappearance of these communities is a loss for all humanity which 

could learn a lot from the traditional skills in sustainable management of the ecosystem. It is 

a terrible irony that “as formal development reaches more deeply into rainforests, deserts and 

other isolated environments, it tends to destroy the only cultures that have proved to thrive 

in these environments” (World Commission Environment and Development, 1987, p.114). 
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Since the publication of the widely influential Brundtland report (Brundtland, 1987), there has 

been an increasing amount of research directed toward ways in which Indigenous knowledge 

can be used to improve natural resource management. Sadly however, UNESCO (2008) 

estimates that up to 90 percent of the world’s languages will be lost by the end of this century, 

and with it much of the world’s Indigenous knowledge. Western science often places a low 

value on Indigenous knowledge (Odara-Hoppers, 2002) and therefore makes minimal 

attempts to engage with and understand it. In contrast to this, many successful corporate 

organisations regard organisational knowledge, which is analogous to corporate knowledge, 

as a highly valuable commodity.  These organisations do all they can to capture and exploit 

organisational knowledge, creating an asset and using it to gain competitive advantage 

(Chaudhary, 2005). This process is known as knowledge management, as explored in the 

following section. 

2.5.1 Knowledge management 

Knowledge management attempts to make “the organisation act as intelligently as possible 

and realising the best value from its knowledge assets, by creating a learning organisation that 

is capable of measuring, storing and capitalising on the expertise of employees” (Bollinger & 

Smith, 2001, p. 10).  

There is no single model of knowledge management and many approaches have been 

developed, such as Quintas et al. (1997), Rubenstein-Montano et al. (2001) and Sanchez 

(2001). Despite the many and varied approaches to knowledge management, each method 

falls within one of three distinct philosophies, as described by Bollinger and Smith (2001), 

Handzic and Zhou (2005), and Rikowski (2007), and as summarised below. 

1. The information and technology (technocratic) school of thought. This philosophy is 

focused primarily on formalised knowledge bases, that is, systems where human 

knowledge is made explicit so as it can be used by non-skilled workers.  

2. The economic school of thought. This philosophy is focused on the idea of knowledge 

as an organisational asset and encompasses individual knowledge and skill, internal 

structures and cultures and external structures. The aim of this philosophy is to extract 

and/or create value from knowledge assets.  
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3. The behavioural school of thought. This philosophy aims are to address issues of 

complexity, change and risk management, organisational learning and culture, and the 

support of organisational communities. 

Irrespective of which philosophy is applied, knowledge management provides a range of 

benefits, each of which are just as relevant to an Indigenous farming community as a corporate 

organisation (Bollinger & Smith, 2001). The benefits of knowledge management, in the 

context of an Indigenous farming community, may include: 

• Indigenous knowledge and culture becomes a valuable asset and a marketable 

commodity;  

• agricultural resources are constructed on contextual knowledge rather than externally 

derived knowledge from extension agencies; 

• knowledge is used, experimented with and new knowledge is created; 

• knowledge sharing is promoted; and 

• communities become more competitive within the markets they access. 

Whilst there are many knowledge management models which could be applied in the context 

of Indigenous farmers, Lwoga, Ngulube and Stilwell (2010a) argue that the application of a 

knowledge management model in agricultural extension must be practical, relevant and 

contextual, stating that: 

“knowledge should not be separated from the individuals who hold it ....efforts should 

be made to enable communities to innovate, create and manage their own knowledge 

and to adapt other knowledge systems for sustainable agricultural development in 

developing countries” (p. 7). 

Yet a knowledge management model which cannot separate knowledge from its context may 

limit the potential value and contribution to broader sustainable agriculture. Holden (2002), 

argues that knowledge created is an immutable mobile and it is possible to “detach knowledge 

from its context and transfer it so that it does not lose its essential properties” (p. 250). The 

mechanisms which establish mutable and immutable knowledge will stem from the 

knowledge management model used. Some of these models are explored in the following 

section. 
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2.5.1.1 Models of knowledge management 

Although there are various models of knowledge management, they generally share the key 

elements of acquiring, storing, converting, sharing, and applying knowledge (see Table 2.8). 

Each model presented in Table 2.8 has significantly contributed to the field of knowledge 

management. 

For the purpose of this thesis, the Japanese business knowledge management model 

proposed by Nonaka and Takeuchi (1995), and further developed by Nonaka et al. (2000), was 

selected to understand22 Indigenous agricultural knowledge, for three reasons: 

1. it has a focus on transforming tacit knowledge into explicit knowledge and then back 

again for learning, which is ideal for agricultural and environmental education; 

2. it is one of the most influential models in the field (Ray & Clegg, 2007; Von Krogh, Ichijo, 

& Nonaka, 2000); and 

3. it has parallels with the constructivist theory and, as suggested by Guizzardi (2006), 

knowledge management is more effective when viewed through a constructivist lens. 

Although knowledge management models have been mostly limited to industrial 

organisations, the Nonaka and Takeuchi (1995) model has the ability to translate tacit 

knowledge to explicit knowledge. Explicit Indigenous knowledge has the potential for 

significant benefit in supporting sustainable agriculture, however, this potential may be even 

greater if Indigenous knowledge is entwined with Western science. In order to achieve this, 

agricultural extension approaches need to engage with, understand and apply the existing 

knowledge assets (Indigenous knowledge) to create new knowledge which encompasses 

Western science and Indigenous knowledge and culture. 

                                                      
22 I use here the term ‘understand Indigenous knowledge’ rather than ‘managing Indigenous knowledge’, which 
could be perceived negatively as a form of colonisation which is in opposition to the intention.  
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Table 2.8 A comparison of knowledge management models 

Wiig (1993) Nonaka and 

Takeuchi (1995) 

Zack (1996) McElroy (1999) Nickols (1999) Bukowitz and 

Williams (2003) 

Rollet (2003) 

Creation 

 

Sourcing 

 

Compilation 

 

Transformation 

 

Dissemination 

 

Application 

 

Value realisation 

Socialisation 

 

Externalisation 

 

Combination 

 

Internalisation 

Acquisition 

 

Refinement 

 

Store/retrieve 

 

Distribution 

 

Presentation 

 

Individual and 

group learning 

 

Knowledge claim 

validation 

 

Information 

acquisition 

 

Knowledge 

validation 

 

Knowledge 

integration 

 

Acquisition 

 

Organisation 

 

Specialisation 

 

Store/access 

 

Retrieve 

 

Distribution 

 

Conservation 

Disposal 

Get 

 

Use 

 

Learn 

 

Contribute 

 

Assess 

 

Build/sustain 

 

Divest 

Planning 

 

Creating 

 

Integrating 

 

Organising 

 

Transferring 

 

Maintaining 

 

Assessing 

 

 

Source: Dalkir, 2005
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2.5.1.2 Knowledge creation 

The foundational purpose of organisational knowledge management is to create a 

competitive advantage. Agricultural extension needs to recognise that the importance of 

competitive advantage for Indigenous farmers is no different to any other corporate 

organisation. Each farmer, community or cooperative is competing for market share and 

profit. The Nonaka et al. (2000) knowledge creation model promotes the concept of 

‘advantage’ whereby knowledge stimulates innovation and in turn, enhances the competitive 

advantage, shown in Figure 2.5. Nonaka et al. (2000) explain that knowledge creation starts 

by capturing, understanding and utilising both tacit and explicit knowledge assets.  

 

 

 

 

 

Figure 2. 5 Knowledge as a competitive resource 

Source: Nonaka and Takeuchi, 1995. 

Nonaka and Takeuchi (1995) suggest that the West values formal and systematic explicit 

knowledge, whereas the Japanese view of knowledge recognises that explicit knowledge is 

only the tip of the iceberg and that real knowledge is tacit knowledge. Tacit knowledge can 

be divided into a technical dimension (skills, crafts and ‘know-how’) and a cognitive dimension 

(beliefs, perceptions, schemata) (Nonaka et al., 2000). Tacit knowledge cannot be taught, it 

comes from experience and once the importance of the tacit knowledge is understood, 

innovation takes on a new meaning (Nonaka & Takeuchi, 1995). Bettoni and Eggs (2010, 

p.136) describe the difference between tacit and explicit knowledge, stating that “explicit 

knowledge is something we have, tacit knowledge is something we are: it is a constitutive of 

our identity”.  Nonaka et al. (2000) suggests that knowledge creation starts by converting tacit 

knowledge to explicit knowledge.  The tacit to explicit knowledge transfer relies on three key 

characteristics: 1.) the use of symbols and figurative language; 2.) the dissemination of 

Knowledge Creation 

Continuous Innovation 

Competitive Advantage 
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personal knowledge; and 3.) that new knowledge is created in the midst of redundancy and 

ambiguity23 (Nonaka & Takeuchi, 1995). 

Agricultural extension requires dialectical thinking, transcending the boundaries between 

tacit and explicit knowledge. Extension in developing countries needs an approach which 

recognises the complementary roles of explicit and tacit knowledge. The Nonaka et al. (2000) 

knowledge creation model achieves this as it creates knowledge through interactions 

amongst people or between people and their environment through three elements: (i) the 

Socialisation, Externalisation, Codification, Internalisation (SECI) modes; (ii) ba, (the shared 

context); and (iii) knowledge assets (the inputs, outputs and the moderator). Each of these 

elements are described in detail in the next section, for an understanding of these is needed 

for the development of an alternative extension approach. 

2.5.2.3 The SECI modes of knowledge creation 

Nonaka et al. (2000) state that organisational knowledge is created through interactions 

between explicit and tacit knowledge. The four modes for knowledge creation, and the 

acronym SECI, as proposed by Nonaka et al. (2000) are: (1) Socialisation: tacit to tacit 

knowledge; (2) Externalisation: tacit to explicit knowledge; (3) Combination: explicit to explicit 

knowledge; (4) Internalisation: explicit to tacit knowledge. The interaction between each of 

the SECI modes is demonstrated in Figure 2.5.  

The SECI model is highly appropriate within the context of Indigenous farmers.  Indigenous 

farmer knowledge is tacit and is shared socially through stories, beliefs, rituals and community 

law (Rao, 2006). In alignment with this, the SECI model is a social process (Nonaka & Takeuchi, 

1995). The socialisation mode focuses on tacit to tacit knowledge transfer and occurs when 

people share experiences by spending time with each other in a shared environment. The 

analogy of an apprenticeship is often used to describe this process, where the apprentice 

learns the craft through hands on experience with others, rather than from textbooks or 

manuals (Heldin-Herrgard, 2000; Little & Ray, 2005).  

                                                      
23 Although it sounds paradoxical, Nonaka et al. (2000) describes the usefulness of ambiguity as a sense of a 
new direction, simply, creating new knowledge from chaos. The concept of redundancy, as Nonaka et al. 
(2000) suggests, is crucial as it supports dialogue and communication from a variety of perspectives. 
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Figure 2. 6 Nonaka and Takeuchi’s (1995) four mode SECI model of knowledge conversion 

Source: 

www.ischool.utexas.edu%2F~i385q%2Farchive%2Fkim_knowledge_creating_company.ppt 

The second mode, externalisation, implies converting tacit knowledge to explicit knowledge. 

Indigenous knowledge is primarily tacit and by crystallising the tacit knowledge into explicit 

knowledge, the knowledge becomes more accessible for agricultural extension purposes. This 

stage of the knowledge creation process is the most time consuming and challenging and 

requires the commitment of the individuals within the group undertaking the process 

(Nonaka & Takeuchi, 1995). 

The third mode of the SECI model is combination. Combination converts explicit knowledge 

to more complex and systematic collections of explicit knowledge. At this stage of the process 

explicit knowledge collected becomes the subject of sorting, editing and categorising. 

The final mode of the SECI model, the internalisation mode, involves the embodying of explicit 

knowledge into tacit knowledge. Explicit knowledge is received by individuals and applied, 
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becoming an asset within the organisation or community. Indigenous knowledge is dynamic 

and ever evolving (Warren, 1991), the knowledge of sustainable agriculture changes as new 

knowledge is shared and created. Therefore, the internalisation mode feeds back into the 

socialisation mode and a continuous cycle is established, as presented in Figure 2.6.   

2.5.2.4 ‘Ba’: The shared context for knowledge creation 

Knowledge is constructed in a social context (Polyani, 1958), therefore in order for knowledge 

creation to be achieved the context must first be established (Beech et al., 2002; Becerra-

Fernandez & Sabherwal, 2001). Nonaka et al. (2000) build on the original concept of the SECI 

model of Nonaka and Takeuchi (1995) with an acknowledgement of the context, or what 

Nonaka et al. (2000) call ba. The concept of ba is defined as the “shared context in which 

knowledge is shared, created and utilised ….it provides the energy, quality and place” (Nonaka 

et al., 2000, p. 14). Ba is not referring only to a physical space but a time and space, 

connecting, for example, an email and the mental space such as a value or ideal. Referencing 

back to the SECI model, Nonaka explains that ba allows participants to share space and time 

and that ba is the platform for knowledge creation.  

2.5.2.5 Knowledge assets 

Knowledge assets are “firm-specific resources that are indispensable and create value for the 

firm” (Nonaka et al., 2000, p.20). Firm-specific knowledge assets are central for competitive 

advantage (Bontis, 2001). An Indigenous community possess firm-specific knowledge assets 

in the form of Indigenous knowledge. These Indigenous knowledge assets are of incalculable 

wealth for they “possess a map to the biological diversity of the earth” (Durning, 1992, p. 7).  

Knowledge assets, the inputs and outputs of the knowledge creation process, include 

experiential knowledge such as shared tacit knowledge and trust, conceptual knowledge, 

such as symbols and language, systematic explicit knowledge and routine knowledge (Nonaka 

et al., 2000). To create innovative solutions for enhanced local sustainable agriculture, 

extension approaches need to recognise Indigenous knowledge as a valuable asset and as an 

essential element for knowledge creation. 
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2.5.2.6 Limitations of the knowledge creation model 

Effective knowledge management strategies need to strengthen the connection between 

Indigenous farmers, communities and extension experts. Several studies suggest that this 

may be achieved through the implementation of the knowledge creation process (see 

Boateng, 2006; Lwoga et al. 2010a, 2010b; Ngulube, 2003), however, the conceptual 

constraints of implementing the knowledge creation process with Indigenous farmers needs 

further exploration. The limitations and considerations identified in this section will need to 

be taken into account in developing a new model for more sustainable and effective extension 

programs. 

Current attempts at understanding Indigenous knowledge, such as Boateng (2006), Ngulube 

(2003), and Lwoga et al. (2010b), imply that knowledge management operates in a vacuum 

where culture, language, education and gender are one giant independent variable, however, 

Holden (2002) suggest that such features need to be considered as separate variables.  

Knowledge is gained through experience or association (Zack, 1999) and if these experiences 

or associations are governed by cultural roles or rituals, then culture, in turn, influences the 

knowledge creation processes (Andreeva & Ikhilchik, 2011) and thus the cultural roles need 

to be recognised and understood independently. The complex nature and hierarchical system 

attached to culture can limit the access of an ‘outsider’ such as a researcher or extension 

officer. 

In fact, the knowledge creation model was designed to align with the Japanese culture which 

may limit its application outside that culture. Holden (2002) suggests that the socialisation 

mode may in fact be a uniquely Japanese behaviour, a concept further supported by Glisby 

and Holden (2003, p.31) who propose that there is an “intricate web of close long term 

relationships among Japanese organisations which decisively facilitates intensive and open 

inter-organisational exchanges of knowledge”. This is further supported by Andreeva and 

Ikhilchik (2011) who state that socialisation is a “deeply Japanese process” (p. 58). The 

transfer of knowledge through the mode of externalisation (tacit to explicit) requires, as 

Nonaka and Takeuchi (1995) stress, a high level of commitment from the individuals sharing 

the knowledge. The Japanese economy is primarily governed by the keiretsu structure, which 

has a by-product of experiencing less external pressure, therefore more time and money to 



69 
 

 
 

focus on the process of externalisation (Glisby & Holden, 2003). Whilst this model of 

knowledge creation contrasts with Western structures, it may align with the cultural context 

of smallholder Indigenous farmers and therefore an alternative extension approach could 

consider incorporating the knowledge creation model. 

There are limitations to the combination mode of the knowledge creation model which may 

impede broad application. Glisby and Holden (2003) suggest that the combination mode 

(explicit to explicit knowledge transfer) has been found to be limited to cultures where 

knowledge is equally accessible across all levels of the hierarchical structure of the 

organisation, that is, that any individual at any level has free access to information.  Some 

corporate organisations, such as those in China, only share knowledge with members of their 

trusted network. China also has a strong philosophy of a top down authoritarian structures, 

where managers are considered as all-knowing and are uncomfortable in receiving knowledge 

from their employees, and it is argued that this works against knowledge sharing (Weir & 

Hutchings, 2005). Indigenous knowledge is also very hierarchically based (see Section 2.4.2.3) 

and culturally decisions are generally funnelled through the community’s elder or village Chief 

(Barrera-Bassols & Zinck, 2003). 

The internalisation mode (explicit to tacit) is also a traditional Japanese system, where 

intensive rotation of jobs within the organisation occurs, developing generalists rather than 

specialists (Glisby & Holden, 2003). The internalisation mode may be limited in corporations 

which do not take the same approach as the Japanese. Weir and Hutchings (2005), for 

example, report that in the Arab world, job rotation is considered a good tool, however, the 

focus is on developing expertise in the specialist fields. A further example is the China context, 

where rotation of jobs is a new concept and rarely occurs, and in fact it is suggested that the 

Chinese culture is averse to errors and mistakes, inhibiting the potential for job rotation and 

limiting the potential for internalisation of knowledge (Weir & Hutchings, 2005). In contrast, 

Indigenous knowledge is holistic and based on observation and experimentation (see Section 

2.4.3), and may align well with the internalisation mode. 

Western organisational structures need to shift to a structure which promotes community-

based knowledge sharing (Nonaka & Takeuchi, 1995). Whilst in many organisations this is not 

culturally relevant, community-based sharing provides an opportunity for non-hierarchical 
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sharing and provides the opportunity for equal participation in the knowledge sharing 

process.  Community-based systems need to be nurtured, or as Bettoni and Eggs (2010, p. 

136) suggest, “approached in the same way as living things: working with a community of 

practice actively and systematically is more like cultivating a plant than like building a 

machine”.  

Sustainable agriculture is knowledge intensive (Goldberger, 2008), yet the traditional transfer 

of technology approach used in developing countries is failing to sufficiently facilitate learning 

(Röling, 1993) and an alternative approach to agricultural extension in developing countries 

is required. Despite the limitations to the knowledge creation model, this thesis adopts the 

framework of Nonaka and Takeuchi (1995), further developed by Nonaka et al. (2000), as valid 

and applicable to agricultural extension for smallholder Indigenous farmers. Improving 

sustainable agriculture for smallholder Indigenous farmers will require innovative solutions 

to local problems and Nonaka et al. (2000) propose that new knowledge can be created by 

converting tacit knowledge into explicit knowledge. Nonaka et al. (2000) also suggest that this 

can be achieved by applying the SECI model through ba (as outlined above). By applying the 

knowledge creation process to farmers in developing countries, Indigenous tacit knowledge 

can be understood and used, in conjunction with Western science, to support Indigenous 

farmers to innovate, create and better manage knowledge for sustainable agricultural 

development. This concept is explored in detail in the following section. 

2.6 Theoretical proposition 

The intention of Sections 2.2-2.5 was to provide an insight into the relevant literature 

pertaining to the identified research problem. The literature review indicated that current 

agricultural extension projects in many developing countries continues to be based on the 

traditional transfer of technology approach. This approach is top down and non-participatory, 

leaving communities feeling disregarded, suppressing local organisations, and the financial 

and technical incentives create a culture of dependency (Cavaye, 2000). This approach is not 

in the interests of extension practices that support sustainable agriculture and an alternative 

approach needs to be found. 

The review of literature described the philosophies of adult education, demonstrating 

particularly, the value of a learner’s prior knowledge in the learning process. The review then 
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made the connection between prior knowledge and Indigenous knowledge, and explored the 

potential value of Indigenous knowledge in enhancing sustainable agriculture. Furthermore, 

the review identified two types of knowledge, tacit and explicit, and examined the way in 

which some corporate organisations manage tacit and explicit knowledge, highlighting the 

concept of knowledge management. The literature review then presented the notion of 

Indigenous communities being organisations, within which knowledge management 

principles can be applied. From this it was argued that knowledge management may provide 

a mechanism to understand Indigenous knowledge for the enhancement of sustainable 

agriculture.  

This section (2.6), presents an agricultural extension approach founded on the philosophies 

of Nonaka et al. (2000) knowledge creation model. It is a bottom up approach, incorporates 

philosophies of andragogy in the context of sustainable agriculture and is designed for 

Indigenous farmers. The alternative model to agricultural extension, as developed for this 

research project, is here called the Extension for Sustainable Agricultural Development (ESAD) 

model. 

2.6.1 The Extension for Sustainable Agricultural Development (ESAD) model 

The Extension for Sustainable Agricultural Development (ESAD) model offers an alternative to 

traditional extension approaches for extension agencies in developing countries. In brief, the 

ESAD approach offers an opportunity for extension agencies and officers to shift to a new 

professionalism: operating as facilitators of knowledge creation for solutions to local 

problems, empowering farmers, enhancing sustainable agriculture, maintaining the 

community’s resilience and adding to the overall health and wellbeing of the community. 

Core to the ESAD approach is its root in constructivism. Although knowledge management 

models do not consciously align with constructivist theory, there are parallels with it. Indeed, 

knowledge management is more effective when it is viewed through a constructivist 

perspective (Guizzardi, 2006). The concept of constructivism has two general and broad 

definitions: “1.) that learning is an active process of constructing rather than acquiring 

knowledge”, and “2.) instruction is a process of supporting that construction rather than 

communicating knowledge” (Duffy & Cunningham, 1996, p.2). By incorporating the above 

two principals, the ESAD approach promotes learning, a key function of a participatory 
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agricultural extension approach. Farmer learning is essential in for the success of the ESAD, 

however, sustainable agriculture is knowledge intensive (Goldberger, 2008) and to create 

more sustainable agricultural practices among Indigenous farmers, learning should be local, 

based on prior knowledge and be culturally appropriate.  

The constructivist element of the ESAD approach promotes learning through four key modes: 

communities of practice, ethnography, codification and facilitated learning. Each of the four 

modes of the ESAD directly correlate to the four modes of the Nonaka et al. (2000) knowledge 

creation model: socialisation, externalisation, codification and internalisation. The ESAD 

approach is shaped by the shared context, which Nonaka et al. (2000) refer to as ba. In the 

context of this particular study, ba is the Indigenous culture on which Indigenous agricultural 

knowledge is embedded. The ESAD approach is diagrammatically demonstrated below in 

Figure 2.7. Each mode of the ESAD is explained in full detail in the following sections. 

2.6.1.1 Socialisation: Knowledge creation through communities of practice 

The socialisation mode of the ESAD approach is focused on a tacit-to-tacit knowledge transfer. 

This mode promotes farmer-to-farmer knowledge sharing. Agricultural extension services 

often neglect existing social networks, failing to recognise them as important resources for 

knowledge diffusion (Quisumbing & Pandolfelli, 2010) and is a matter that needs to be taken 

into account for any new extension approach. Communities of practice provide a platform for 

farmers to observe and learn from others, and enhance the potential for effective and positive 

knowledge sharing (Hansen et al., 1999; Wenger, 1998).  

Communities of practice are informal groups of people who share common practices, create 

and leverage their knowledge and experiences and are bound by informal relationships (Lave 

& Wenger 1991; Pan & Leidner, 2003). Successful application of the community of practice 

within the ESAD approach requires recognition by all participants that the viability of the 

group is dependent on each participant’s contributions and commitment. 
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Figure 2. 7 The Extension for Sustainable Agricultural Development approach 

Source: Developed by the researcher 
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The socialisation mode of the ESAD approach is based on seven principles for cultivating a 

community of practice (Wenger et al., 2002), as listed below. 

1. Design for evolution: Design of a community of practice should not provide a rigid structure 

but rather tools for the community to develop and evolve as the community reflects on 

themselves and the direction they feel is important. A successful community of practice will 

feel ‘alive’, bringing an innovation of thoughts, ideas and designs. 

2. Open a dialogue between inside and outside perspectives: Good design of a community of 

practice requires an insider’s perspective (such as the farmer), as only an insider truly 

understands the relationships and dynamics between members. An outsider (such as an 

extension officer) can steer the community of practice to recognise the community’s potential 

to develop and steward knowledge. 

3. Invite different levels of participation: A community of practice requires different levels of 

participation. Wegner (2002) describes three main groups which are associated with a 

community of practice. First, a small core group who participate actively and take on 

leadership roles; second, an active group who regularly participate in forums but with less 

intensity than the core group; and third, a larger peripheral group who rarely participate but 

sit on the side lines. 

4. Develop both public and private community spaces: A successful community of practice is 

one which is prosperous with connections both externally in public places and internally 

within private spaces. Relational interactions occur during day to day activities in the public, 

but also require coordinating within the confines of private spaces. 

5. Focus on value: In order to cultivate a successful community of practice, the community 

must have a value, particularly due to the community of practice being on a voluntary basis. 

The values the community of practice develops should be continually reinforced. 

6. Combine farmiliarity and excitement: Communities require a comfortable, familiar and safe 

environment, yet a community also requires enough variance in activities to keep excited 

about the work they are undertaking. 
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7. Create a rhythm for the community: Individuals generally follow a routine to their days; 

breakfast, work, meetings, drive home, kids activities, quiet time. A community of practice 

also require a similar routine or rhythm, as this reduces the stress of the unknown. Meetings 

should be regular and run on a similar pattern, however, a tempo and a vibrance should 

remain at the core. 

Implementing the above principles for cultivating communities of practice will promote tacit-

to-tacit knowledge sharing, particularly given that Indigenous knowledge is primarily shared 

orally (Antweiler, 2004; Ellen & Harris, 1996).  

2.6.1.3 Externalisation: Knowledge creation through ethnography 

The externalisation mode is the process of converting tacit knowledge into explicit knowledge 

for the purpose of understanding and creating new knowledge. Working in an Indigenous 

setting, the challenge of externalisation is that tacit knowledge is contextually and culturally 

embedded within small communities and individuals (Rice & Rice, 2005). Adopting social 

constructivism as a theoretical orientation requires a shift from traditional mechanisms of 

knowledge evaluation to the more contextual approach of ethnography. 

With its roots in anthropology and sociology, ethnography is a social-science research method 

that is reliant on participation and personal experience. Ethnographic studies may broadly 

focus on language and culture or be an intensive study of a specific field of research (Genzuk, 

2003). According to Kahn (2011, p. 176), ethnographers “observe, participate, interact, 

analyse, reflect, write, rethink, and describe cultures, their members and their own 

involvement in them”. 

Three key methodological principles of ethnography are naturalism, understanding and 

discovery, each is explored further below. 

1. Naturalism. Naturalism proposes that social content should be studied in a natural and 

undisturbed state where research is carried out in ways which are sensitive to the 

setting (Atkins & Hammersley, 2007). The idea of naturalism is that social processes 

should be explained in terms of their relationship to the context in which they occur 

(Genzuk, 2003). Atkins and Hammersley (2007) emphasise the importance of 

researchers adopting an attitude of respect and appreciation toward the social place. 
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2. Understanding. Genzuk (2003) proposes that central to the notion of understanding 

is that human actions are not simply a fixed response or even a learned response, but 

an interpretation of stimuli. Genzuk (2003, p.4) suggests that “if we are to be able to 

explain human actions effectively then we must gain an understanding of the cultural 

perspectives on which they are based”.  

3. Discovery. Ethnographic research is a discovery research process, that is, rather than 

being directed by a set hypothesis, discovery research moves from observations to 

broad generalisations and theories, also known as a bottom up research approach 

(Trochim, 2006). 

Ethnographic studies are an ideal framework to capture tacit aspects of a society or an 

individual and are particularly suited as a contributing process to sustainable agricultural 

development in developing countries. However, there are widespread criticisms of 

ethnographic studies. A summary of common criticism of ethnographic studies are 

summarised below. 

• Ethnographic studies involving participant observation can create a reactive effect, 

where the presence of the researcher alters the behaviour of the group or individual 

(Christensen, 2003). 

• Ethnographic research is dependent on the researcher’s knoweldge and experience 

and his/her associated subjectivity and objectivity (Schultze, 2000). 

• Laragy (2006) suggests that the most forceful criticism is that it exists precisely to place 

the observed in a specific way, that is, as ‘Europe’s other’. Whilst it is clear that 

ethnographic conciousness should no longer be viewed as the domination of Western 

cultures and social classes (Clifford, 1983), a constraint of ethnography is its textual 

approach. Western cultures will interpret the text differently to Indigenous cultures, 

thus it will always be viewed with the subjectivity of Western culture.  

• Reliability of quantitative research is founded primarily on its ability for results to be 

replicated. Ethnographic research occurs in a natural social setting which are not static 

environments, thus these unique situations could not be precisely reconstructed 

(LeCompt & Goetz, 1982). Any attempts to rigourously measure ethnographic 

research would fail, leaving the reliability of ethnographic studies open to criticism. 
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• A criticism of interviews is that they rely on people’s account as “a window on to the 

social worlds in which they live” and or “as a window into their minds” (Hammersley, 

2007, p. 297). 

Despite the above criticisms, the way in which ethnography seeks to understand knowledge 

from inside the community, avoiding conceptual and theoretical frameworks, remains the 

most effective method for tacit to explicit knowledge transfer (Ambrosini & Bowman, 2001). 

However, the above criticisms need to be understood and their implications recognised 

within the research methods, such as acknowledging the researcher’s bias and subjectivity 

and the way in which the researcher’s presence created a reactive effect on participants. The 

way in which these factors impact this particular study are explored in Chapter 3. 

2.6.1.4 Codification: Knoweldge creation through the codified data 

The third mode of the ESAD approach, codification, is explicit-to-explicit knowledge transfer. 

The codification mode transfers data from the externalisation mode into a format which can 

be understood, shared and applied by agricultural extension officers. Data from the 

externalisation mode (through ethnography) understands knowledge in multiple modes, 

including recordings, sketches, diagrams, videos and photos. Whilst valuable, this multi-

modal data is too great in size and breadth to be able to synthesise and share, therefore, it 

requires organising into a format which can be easily expressed. Codification involves 

formatting the explicit knowledge of people to documentation, or ‘people to paper’, allowing 

knowledge to be stored in repositories such as databases, libraries, reports and policies. The 

ESAD approach applies thematic analysis for explicit-to-explicit knowledge transfer. Thematic 

analysis searches for themes which run through the data and which emerge as being 

important in the context of the research (Daly, Kellehear, & Gliksman, 1997) and provides 

codified data.  

A review of literature relevant to codification raises questions as to the value of codified 

knowledge in terms of language use. For example, Cowen (2000) suggest that articulation pre-

supposes codifiability, that is, knowledge which is inarticulate is also un-codifiable, and vice-

versa. Cowen (2000) further argues, that all knowledge for which a code-book exists can be 

considered codified. Cowen (2000) seems to presume that a code-book is identified with a 

language and that everything that has been articulated is actually codified and that 
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knowledge is only that which can be expressed in a language. Johnson, Lorenz and Lunvall 

(2002, p.427) argue that this view takes an “extreme position on the scale between positivism 

and cognitivism on the one side and hermeneutics and contextualism on the other side”. 

Whilst acknowledging the argument presented by Cowen (2000), the ESAD aligns itself to the 

views of Johnson et al. (2002), who suggest that codification should only be viewed as one 

source for learning. This is because the ESAD approach does not limit agricultural extension 

to only codified Indigenous knowledge, nor does it limit agricultural extension to tacit 

Indigenous knowledge, just as it does not limit extension only to Western science.  The ESAD 

approach promotes learning between Indigenous farmers and agricultural extension officers 

by providing a vehicle to explore, discuss and trial all three of these forms of knowledge in 

order to create new knowledge. 

2.6.1.5 Internalisation: The Sustainable Agricultural Learning Framework 

The fourth mode of the ESAD approach is internalisation. The internalisation mode promotes 

learning by transferring explicit knowledge to tacit knowledge. Whilst there are many and 

varied approaches to the internalisation mode, including top down, participatory, and 

advisory, there are no clear frameworks apparent which incorporate science, Indigenous 

knowledge, Indigenous culture and adult education to enhance sustainable agriculture 

practices. The current study proposes that a new approach to internalisation, the Sustainable 

Agricultural Learning Framework (SALF). The SALF model draws together the philosophies of 

adult education, the principles of sustainable agriculture, and national policy directives to 

create a target point for agricultural extension, described in Figure 2.8.  

The underlying objective of the Sustainable Agricultural Learning Framework (SALF) is to 

promote learning for change to more sustainable practices. Although there are various 

interpretations of learning, it is usually defined as “a relatively permanent change in 

behaviour or behaviour potential brought about by experience” (Skinner, 2010, p. 167). 

Learning is multi-dimensional and should not be only measured by either the ability to recall 

of facts or the successful application of a skill. Learning includes the development of 

judgement, attitudes and values (Hooper-Greenhill, 2004). A new set of skills or facts will not 

necessarily shift Indigenous farmers to more sustainable practices. Real change requires a 
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shift in attitudes, values and behaviours along with the knowledge to carry out change. Real 

change requires a paradigm shift. 

 

Figure 2. 8 The target point for the Sustainable Agricultural Learning Framework (SALF) 

model 

Source: Developed by the researcher 

The SALF is a learning framework for the whole self, that is, a holistic philosophy relevant to 

cultural identity and heritage and incorporates prior knowledge, specifically Indigenous 

knowledge and Indigenous culture. The agricultural issues which Indigenous farmers face are 

multidisciplinary problems and require multidisciplinary solutions. As such, the SALF does not 

focus on a single discipline of science, rather it views learning from a social-scientific 

perspective and provides an integrated response which is directed by farmers and facilitated 

by an agricultural extension officer. The SALF is not a new set of either skills or knowledge, it 

simply facilitates learning from a perspective different to current extension approaches. The 

SALF is based on a clear set of philosophies and is derived from the fundamentals of 
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constructivism; promoting complex, authentic, contextual and farmer-centric learning 

(Huang, 2002; Curry & Kirwan, 2014). Table 2.9 presents a summary of the philosophies of 

the SALF along with the way in which these philosophies are applied within the SALF process. 

Each of the philosophies presented in Table 2.9 have been derived from the thesis thus far. 

In keeping with the philosophies of andragogy, the SALF connects into the vast repository of 

Indigenous agricultural knowledge and Indigenous culture of farmers, creating an approach 

which is inclusive of the farmer. Through consultation with farmers, village elders and village 

Chiefs, Indigenous knowledge and Western science may be woven together to create 

knowledge and learning experiences which enhance sustainable practices. The challenge in 

doing this is to first identify the relevant knowledge, both Indigenous and scientific, which 

enhances sustainable agriculture.  

Not all scientific knowledge will enhance sustainable practices, just as not all Indigenous 

knowledge and culture will enhance sustainable practices, thus knowledge being included in 

the SALF must be carefully evaluated. Traditional Western science is generally dominated by 

positivistic, reductionist, rational and compartmentalised ways of understanding and is often 

based on theoretical concepts founded by research and characterised by objective, statistical 

analyses of controlled experiments (Haverkort & Reijntjes, 2010). In contrast, Indigenous 

knowledge is based on observation, is subjective and is generally transmitted through oral 

tradition. When viewed curiously, there are conceptual tensions between science and 

Indigenous knowledge, but when viewed epistemologically, tensions often subside and the 

potential for knowledge creation becomes apparent. As such, the SALF evaluates Indigenous 

and science knowledge using a set of nine guiding questions (Radcliffe, 2017) which have been 

designed to allow for sustainable agriculture knowledge creation and consideration of 

cultural, social and economic factors. These nine questions are as follows. 

1. Is it considered as valuable knowledge? 

Knowledge considered for the SALF must be considered valuable. The term ‘value’ refers to 

its potential to positively impact agricultural practices within the context of where it will be 

applied. The potential value of Indigenous and/or Western knowledge should be established 

collaboratively with farmers, elders and extension/research officers. 
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Table 2. 9 Philosophies underpinning and guiding the SALF 

Philosophy Understandings of the philosophy 

Sustainable agriculture The underpinning philosophy of the SALF is to provide learning which 

promotes sustainable agricultural practices. Learning focuses on the 

social, economic and environmental components of agriculture. 

Indigenous knowledge and 

culture and Western 

science 

The framework entwines Indigenous knowledge, Indigenous culture 

and science, establishing a post positivist constructivist approach. 

Social negotiation and 

shared responsibility of 

farmers 

A shared responsibility between farmers and extension officers 

provides a sense of ownership, empowerment and self-

determination. 

Evaluates the multiple 

systems involved 

Learning should incorporate natural, social and artificial (print and 

other media) systems. 

Multi-modal The framework identifies and allows for multiple intelligence and 

incorporates multiple modes of learning. 

Farmer-centred The framework encourages deeper learning by facilitating Indigenous 

farmers to create knowledge as opposed to passively receiving 

information. 

Contextual/ Authentic The framework offers contextual learning, that is, it: 

- has an emphasis on problem solving and critical thinking 

- enhances self-regulated learning 

- encourages shared learning 

- is authentic/real.  

Facilitated learning The framework facilitates dialogue, experimentation and evaluation 

of knowledge and resources rather than teaching knowledge. 

Critical thinking/reflection Opportunities to reflect during and after learning may encourage 

farmers to critically evaluate their learning. 

Built from internal 

motivations 

Clearly identifying farmer internal motivations enhances 

engagement, participation and a willingness to learn. 

Empirical Learning should be based on observation and experimentation 

within the socio-cultural and economic contexts. 

Shared knowledge The framework relies on knowledge being shared between farmers, 

the community, extension officers and government departments. 

Source: Developed by the researcher 
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2. Will this knowledge build community capacity? 

Knowledge should only be selected if it enhances the community’s ability to identify and 

address agricultural constraints by accessing information, developing skills and knowledge, 

and managing resources. 

3. Does it support community aspirations? 

The knowledge selected should align with the aspirations of the community. Aspirations of 

the community may be established during community of practice knowledge sharing or 

during interviews, surveys and/or observation. In situations where the aspirations of the 

community are not clearly shared, the facilitator of the SALF may consider requesting 

feedback on particular components of the SALF during facilitation. Feedback should be 

recorded for future reference. 

4. Will it promote sustainable practices? 

The primary objective of the SALF is to promote sustainable agricultural practices, thus 

knowledge should be evaluated for its potential to enhance current agricultural knowledge 

and/or skill in sustainable practices. To be accepted as knowledge which will promote 

sustainable agriculture, it should meet the requirements of four key requirements (Pretty, 

2008) whereby knowledge must: 

1. integrate biological and ecological processes; 

2. minimise the use of non-renewable inputs; 

3. make use of farmer skills and knowledge; and 

4. enhance the collective capacity of people working together. 

5. Will it promote experimentation and innovation? 

The agricultural landscape is ever changing, requiring farmers to adapt through 

experimentation and innovation, particularly in regions where agricultural extension is rare. 

Knowledge, Indigenous or Western, should be evaluated for its ability to promote farmer 

experimentation and innovation. Knowledge which fails to generate innovative agricultural 

design and planning should not be included in the SALF. 
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6. Does it build or maintain trust? 

Knowledge must be evaluated for its potential to maintain or enhance trust within the 

community and between the community and the extension officer. Knowledge which limits 

trust includes knowledge which does not align with cultural practices, knowledge which 

benefits a particular person or family, or knowledge which comes with restrictions (often a 

basis of donor-funded projects). 

7. Does it support gender neutrality? 

In developing countries, women often carry out the bulk of the farming practices. As such, 

knowledge should be evaluated for its applicability to both male and female participants. 

Programs which focus on women farmers often leave the men feeling devalued and programs 

which focus on male farmers fail to recognise the significant role women play in agriculture. 

8. Does it fit within the realm of cultural and/or customary acceptance? 

Aspects of Western science may be considered as topics of taboo among some Indigenous 

communities. All new knowledge should be developed with the inclusion of community elders 

and or community leaders who can assess its cultural acceptance.  

9. Are there systems in place to deal with conflicts between the two forms of knowledge? 

At times, scientific knowledge may conflict with the Indigenous knowledge, and vice-versa, 

therefore knowledge must be evaluated collaboratively with the community. Epistemological 

conflict is inevitable, and the knowledge evaluation process must acknowledge this 

inevitability. Strategies to resolve such conflicts must be established collaboratively with all 

key stakeholders.  

Limitations of the SALF 

The fourth mode of the ESAD approach, internalisation, is achieved through the Sustainable 

Agricultural Learning Framework (SALF). The SALF is bound by limitations and constraints 

including issues of trust, alignment with government and national directives, cost and the 

training of extension officers to become facilitators. In some ways it is these limitations which 

actually enhance the approach. For example, the SALF is limited to working with small 
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communities, yet it is through this small community approach which ensures agricultural 

extension projects are inclusive, based on the community needs and values community 

knowledge.  

The SALF requires an understanding of Indigenous knowledge and culture, yet if the extension 

officer is from the community at the centre of the extension project, there may be hierarchical 

restrictions which limit access to Indigenous knowledge and culture. It may be the case that 

an extension officer from a different region may be held in greater regard and therefore 

greater access to knowledge and cultural systems of the community. This aspect of the SALF 

will vary among different developing countries and cultures. 

The major limitation to the SALF is the required training for the extension officers and the 

attitude of the relevant government department. Shifting the extension officer’s approach 

from teacher to facilitator will require training and this requires the support of the relevant 

government department. To achieve a shift in institutional attitude, there must firstly be 

national recognition of the value of Indigenous knowledge and culture and whilst there have 

been some shifts toward this, more needs to be done within policy and practice. 

2.7 Summary 

This chapter was divided into two parts: Part A and Part B. Part A of this chapter commenced 

with an analysis of sustainable agriculture and the need to identify mechanisms which will 

lead to further sustainable agricultural practices. This chapter then identified agricultural 

extension as an approach for improved sustainable agricultural outcomes for farmers, 

communities and nations, however, this chapter also identified that within developing 

countries extension was in disarray and barely functioning. The concepts and principles of 

traditional agricultural extension were outlined, then highlighting the necessity for change 

with the proposition that deeper farmer learning may assist in improved sustainable 

agriculture. Part A then outlined the need for an agricultural extension approach to 

understand and apply the philosophies of adult education, highlighting particularly the need 

for inclusion of prior knowledge, or in the case of Indigenous farmers, Indigenous knowledge. 

The reviewed literature of Part A suggested that to include Indigenous knowledge as prior 

knowledge for agricultural extension, Indigenous knowledge needed to be better understood 

and then accepted as important and valid.  
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Part B of this chapter explored the concept of knowledge management, highlighting the 

various models of knowledge management. The chapter then described the knowledge 

creation model, outlining the four modes of SECI and the concept of ba. The final section of 

Part B was the theoretical proposition, where an alternative extension model, the Extension 

for Sustainable Agricultural Development (ESAD), was developed. The ESAD offers an 

approach which is participatory, inclusive of prior knowledge and promotes sustainable 

agriculture among Indigenous farmers. The application of the ESAD approach is described in 

Chapter 4 and 5. However, prior to discussing the analysis and findings of the research, details 

of the research methodology and methods need to be understood. The following chapter 

(Chapter 3), details the research projects’ methodology and methods. 
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Chapter 3 Research Methodology and Methods 

3.1 Introduction 

This chapter describes the methodology and methods of the research conducted. As there 

are five sub-research questions generated by the overarching study question, there is a need 

to examine these sub-research questions by applying appropriate criteria. Chapter 3, as 

presented here, describes the research paradigm as relevant to the overarching study 

question, along with the philosophy which forms the basis of this research. This chapter then 

outlines the methods employed for the data gathering activities that were performed, which 

led to the collection of 383 data-sets. The research method, tools and techniques are 

delineated and the processes through which this inquiry was undertaken are explained. 

The overarching research question was: 

How can an Extension for Sustainable Agricultural Development (ESAD) approach engage 

deeper learning by integrating Indigenous knowledge and culture with science and will it 

enhance agricultural sustainability among small holder farmers? 

The structure of this chapter, as presented in Figure 3.1 on the following page, has been 

designed to explore the methods applied to each phase of the research study and then assess 

the subjectivity, objectivity, bias, validity and ethical considerations of the research method. 
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Figure 3. 1 Structure of Chapter 3 

3.2 Research paradigm relevant to the research question 

Social science research is used extensively in rural community development research, from 

identifying sources of rural poverty (Chambers, 1986) to the urbanisation of rural 

communities (Egan & Luloff, 2000; Marcoulier, Lapping & Furuseth, 2011) to developing 

strategies for community empowerment (Herbert-Cheshire, 2000). The rationale for this 

approach is that social scientists can contribute to the understanding and knowledge base of 

economic, social and political issues associated with development projects (Sisaye, 1978). As 

stated by Jones and Wallace (1986): 

“....social scientists have taken on an increasingly important role in the 

implementation of agricultural development activities. In the tradition of agricultural 

development, social science had been largely restricted to the participation of 

agricultural economists ….social scientists have entered into multiple roles including 

research, implementation and management in support of overall farming system 

research project objectives” (p.1). 
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The nature of the research questions in this thesis is exploratory, thus it lead the study to 

understand the language, culture, customs and practices of the participants. Therefore the 

research questions requires a process which allows for the depth and breadth of participants’ 

values, beliefs and practices to occur in a naturalistic form, such as ethnography. This research 

project aims not to constrain the concept of knowledge and learning, but to open them up 

and view them through a holistic lens so as to understand (within the limits of this thesis) the 

connectivity between culture, knowledge, learning, the environment and agriculture. 

3.2.1 Mixed method research in social science 

To strengthen and enhance confidence in research findings, corroboration of data is 

important. If the findings conflict with each other, then interpretations of data and relevant 

conclusions require reconsideration. Triangulation of data is a way of enhancing confidence 

in findings and requires the use of at least two different data collection methods (Heale & 

Forbes, 2013). As will be explored further in this chapter, this present study incorporates the 

concept of triangulation through the combination of qualitative and quantitative research. 

This format of research is known as mixed methods research and involves: 

“...the collection or analysis of both quantitative and/or qualitative data in a single 

study in which the data are collected concurrently or sequentially, are given a priority, 

and involve the integration of the data at one or more stages in the process of 

research” (Creswell, 2003, p. 212). 

In part, this study is intended to explore the voices, stories, cultures, interests and 

perspectives of Indigenous farmers and the approach chosen to explore this is qualitative 

research. This research study also intends to assess shifts in agricultural views and practices 

and this will be achieved through quantitative analysis. Hence this study entails a mixed 

methods approach, both qualitative and quantitative. 

3.2.1.1 Qualitative research in social science 

Qualitative research crosscuts subjects, fields and disciplines (Denzin & Lincoln, 2018) to 

provide findings “not arrived at by means of statistical procedures or means of quantification” 

(Strauss and Corbin, 1990, p. 17). Qualitative research involves the use of a variety of 

empirical materials such as interviews, artefacts, observations, case studies, personal 
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experience and visual text (Myers, 1997), all of which are relevant when working with 

Indigenous people (Bessarab & Ng’andu, 2010). The study of qualitative material attempts to 

describe the routine and problematic meanings and moments of an individual’s, group’s or 

community’s life (Denzin & Lincoln, 2018), that is, qualitative researchers are “interested in 

understanding the meaning people have constructed and how people make sense of their 

world and the experiences they have” (Merriam, 2009, p.13). As described in the proposition 

(Section 2.6), a key element of this present research is to understand Indigenous farmer 

knowledge, and the characteristics of qualitative research are well suited to do this, as 

described by Hoepfl (1997, p.49) and summarised below. 

(1) Qualitative research uses the natural setting as the source of data such as community 

meeting places, farms, farmer shelters and, more often than not, the shade of a tree.  

(2) Qualitative researchers act as the ‘human instrument’ of data collection. 

(3) Qualitative researchers predominantly use inductive data analysis. 

(4) Qualitative research reports are descriptive and incorporate expressive language. 

(5) Qualitative research has an interpretive character, aimed at discovering the meaning 

events have for the individuals who experience them and the interpretations of those 

meanings by the researcher. 

(6) Qualitative researchers pay attention to the idiosyncratic as well as the pervasive, 

seeking the uniqueness of each case. 

The legitimacy of the qualitative characteristics are being challenged and are “facing a global 

movement of neopositivist interest in so-called evidence based policy and practice” 

(Torrance, 2008, p.508), however, the synthesis provided by Hoepfl (1997) above provides a 

framework of connected and mutually reinforcing features, which direct the design and allow 

for a legitimate research method.  

In considering the characteristics described by Hoepfl (1997), this study employs ethnography 

as the qualitative methodology. Ethnography is commonly associated with Indigenous 

research (see, for example, Menzies, 2001; Loppie, 2007; Rappaport, 2008; Bessarab, 2010). 

Ethnography has many definitions, but literature generally agrees that it is founded on what 

Lindolf and Taylor (2002, p.16) call “a holistic description of cultural membership”, that is, the 
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researcher studies people within their own environment. Further to this definition, Singer 

(2009, p.191) states that ethnography is about “going to the data, rather than sitting in the 

office collecting it”. Ethnography is reliant on personal experience, possible participation and 

employs three kinds of data collection: interviews, observations, and documents (Genzuk, 

2003). Ethnography, as with other qualitative research methodologies, can be approached in 

various ways and literature on ethnography presents two contrasting research approaches: 

(1) Constructing the hypothesis before research. Bourdieu, Chambers and Passeron (1991) 

suggest that a fundamental element of scientific research is the construction of the 

hypothesis and research instruments. Kirk and Miller (1986) reinforce Bourdieu and state “it 

is unscientific as well as maddening to initiate data collection without a language (paradigm) 

that precisely contrasts data and noise. The ethnographer who gathers without knowing what 

he or she wants (at the logical level) will find no happiness in the process” (p.66). 

(2) Allowing the hypothesis to evolve from the research. Hegelund (2005, p. 651) argues “any 

attempts to define in advance the structures, hypotheses, theories and so on should be 

avoided at all costs”. Hegelund (2005) goes on to suggest that the hypothesis, research 

questions, instruments and variables will emerge during the research, rather than being 

established at the outset as suggested above by Bourdieu et al. (1991). 

The approach taken for this present research study was an intermediate paradigm between 

constructing and evolving. The present study was open enough to identify and code new or 

surprising discoveries but focused enough so that the researcher did not drown in an 

enormous volume of data. The study has established research questions and used the ESAD 

approach to keep the research focused, yet the study design was open enough to explore new 

discoveries.  

3.2.1.2 Quantitative research in social science 

In contrast to qualitative research, quantitative research traditionally subscribes to 

positivism, that is, that social research should be founded on a scientific method which 

consists of rigorous testing of a hypothesis through a sound analysis of numerical data 

gathered objectively (Teddlie & Tashakkori, 2009). However, conducting 100% objective and 

value-free research is hard to achieve. Quantitative research includes many human decisions 
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in the context of the choice of what to study, in developing instruments, in drawing 

conclusions from data and deciding which elements of data are reliable (Johnson & 

Onwuegbuzie, 2004). This present thesis requires a post-positivistic approach to quantitative 

research, that is, the recognition of the interpretive element of the researcher and more 

importantly that the research data will be contextually bound. 

Within this study the concept of mixed-methods research is used here as a complementary 

method, that is, quantitative research is used to support the qualitative research by 

statistically analysing survey data to test for validity. 

3.3 Research philosophy 

Indigenous communities subjected to research by non-Indigenous researchers are often cast 

in poor light (Hill & May, 2013) and in fact Indigenous people, by participating in the research, 

rarely receive any benefit, whereas the researcher is the beneficiary (Smith, 1999). In 

contrast, the overarching intention of this present research was, as a non-Indigenous 

researcher, to facilitate learning of sustainable agriculture practices and knowledge to 

promote long-term Indigenous community benefits. Hill and May (2013, p.48) suggest that 

“non-Indigenous researchers can implement successful and beneficial research projects in 

Indigenous contexts”. Smith (1999) supports this notion, but emphasises that a culturally 

specific research philosophy be first established.  A research philosophy is a set of beliefs 

which guide the researcher’s actions. Core to establishing the research philosophy is the 

ontological and epistemological viewpoints of the researcher and the participants in the 

research. Epistemology is the understanding what is, or should be, regarded as acceptable 

knowledge, where ontology questions the nature of reality and our perceptual relationship 

with what we consider to be reality (Liamputtong, 2010). 

The epistemological viewpoint of the research philosophy used in this thesis is that of 

constructivism. The constructivist philosophy considers the reality and truth as not inherent 

but constructed individually or socially (Shawn, 2001), or as Kuhn (1970, p.210) suggests, 

“knowledge is intrinsically the common property of a group or else nothing at all”. Studying 

the Indigenous perceptions of agricultural and ecological relevance and exploring 

interpretations of truth and reality is more purposeful from a constructivist perspective as it 

enables the researcher to understand how people make sense of their own worlds.  
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This thesis is founded on the principle that an individual’s meaning and understanding of the 

world are based on their experiences, thus it is imperative that, as the researcher, I 

acknowledge my own subjectivities including my own beliefs, values and emotions. I am an 

Anglo Saxon whose values and beliefs derive from Christian philosophies and whose first 

language is English. My Western education developed my understanding of truth and reality 

as complex, dynamic and evidence based. I acknowledge that, whilst I have had eight years’ 

experience working with Indigenous people and in Indigenous communities, I am not 

Indigenous and my understanding of Indigenous culture and language is mostly limited to 

Australia, specifically, the Yolngu people of Arnhem Land, and the Kardu Diminin people of 

Wadeye. Whilst acknowledgment of my subjectivities does not necessarily limit their impact, 

acknowledgement recognises that the research data does not tell the whole story but rather 

provides a snapshot of participant knowledge and culture through the eyes of the researcher. 

To understand the knowledge and culture of Indigenous farmers in Papua New Guinea and 

Vanuatu, I have selected the Kaupapa Maori Research (KMR) philosophy, established by Smith 

(1999). The KMR philosophy not only adheres to culturally appropriate research but also 

recognises the colonising potential of a project. Smith (1999) states that the term ‘research’ 

is inextricably linked to European imperialism and colonialism, and “is probably one of the 

dirtiest words in the Indigenous world’s vocabulary” (p.1), in fact, research “serves as a 

metaphor for colonial knowledge, for power and for truth” (Denzin & Lincoln, 2005, p.1). It is 

with this in mind that this research process attempted to make every effort to limit the 

potential to have ‘power over’ Indigenous peoples. 

There are four key questions that the research project must satisfy under KMR principles, and 

as adapted from Hill and May (2013), they are: 

(1) What difference will the present study make to the community? 

(2) What meaningful interventions will result? 

(3) How will the present research support cultural and agricultural aspirations? 

(4) Will I merely be repeating what Indigenous farmers already know? 

Five broader principles, viz., initiation, benefit, representation, legitimation and 

accountability support the KMR, each of which provide further guidance to the research (see 

Table 3.1 on the following page). 
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Table 3. 1 Kaupapa Maori Research Principles 

Principle Description Ways in which this research was structured 

to meet these principles. 

Initiation It is critical from the start of the 

research process to establish 

whose concerns and interests 

determine the outcomes. 

Use of communities of practice to establish 

community outcomes 

Benefit The benefits of the research 

project should be divided into 

two sections, inter/national 

level and the local level. What 

contributions will the research 

make to national and 

international policies and make 

benefits will be derived at a 

local level. 

The proposed local benefits of the research 

include: 

- Strengthening community capacity 

- Enhancing relationships between 

Indigenous communities, Indigenous 

farmers, extension agents and researchers 

 

The proposed national/international 

benefits include: 

- - Contributing to the Indigenous knowledge 

repository 

- - Reinforcing the importance of Indigenous 

knowledge in community development. 

- - Offering a framework for organisations 

who wish to reflect more on culture 

sensitive and pragmatic ways of managing 

Indigenous knowledge 

Representation Research must ensure that all 

relevant parties are involved 

and that they are accurately 

depicted. The research process 

must respect and incorporate 

cultural values, beliefs and 

practices 

Hill and May (2013) describe semi-

structured interviews as an appropriate 

method for this principle. Within the 

ethnographic methodology undertaken, all 

interviews were semi-structured. 

Legitimation The research must embrace 

Indigenous views and ensure 

research is contextual. 

One of the core research outcomes was the 

management of Indigenous knowledge, 

which included language and culture 

Accountability The researcher must be 

concerned with control, and 

this includes distribution of 

new knowledge, methods of 

evaluation, procedures and 

intellectual property. 

The researcher ensured constant 

communication with all key stakeholders of 

the study. The research adheres to the UN 

Declaration on Human Rights of Indigenous 

Peoples in regard to intellectual property. 

Source: Smith, 1999. 
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3.4 An introduction to the study sites 

3.4.1 Papua New Guinea 

Papua New Guinea (PNG) is the second largest island in the world and is referred to as 

equatorial or ‘hot-wet tropics’ (Kambuou, 1996). Papua New Guinea has an area of around 

475,000 square kilometres and has a population density of six people per square kilometre in 

the swamp areas of the Gulf and 100 people per square kilometre in the highlands (Kambuou, 

1996). The current population growth rate of PNG is 2.7%, and projections are that the 

increased demand for food will outstrip the capacity of the land to produce the required food 

(Kirchoff, 2009). Fallow periods have decreased and traditional cropping methods are being 

replaced by continuous cropping systems (Kirchoff, 2009).  

3.4.2 Vanuatu 

First settled more than 3,200 years ago (Bedford, 2006), Vanuatu is an archipelago of 83 

islands, 63 of which are inhabited, and lies in the South Pacific Ocean approximately 1750 

km from Australia. Of the 235,000 people who inhabit these islands, around 76% are 

involved in small-scale family farming (Vanuatu National Statistics Office, 2009). The 

population is predominantly (98%) Indigenous, known as Ni-Vanuatu (Vanuatu National 

Statistics Office 2009). Vanuatu has been noted as one of the least developed countries in 

the world (United Nations, 2015), and added to this is the fact that Vanuatu’s exposure to 

natural hazards along with a limited adaptive capacity also makes it one of the most 

vulnerable countries at risk to climate change (SPC 2011; Welle, Birkmann & Rhyner 2014). 

3.5 Research methods 

The research process used in this study is a mixed approach comprising of both qualitative 

and quantitative methods as a way of triangulating the obtained data. Research instruments 

include semi-structured interviews, surveys and participant observations, all of which are 

expanded further in this chapter.  

As the study is framed by the literature review, and ESAD model that was developed from 

that review, the research methods follow the format of the proposed Extension for 

Sustainable Agricultural Development (ESAD) approach (Section 2.6), and thus, the most 

logical approach to describe the approach is through the lens of the ESAD. The first phase of 
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the research method explored was socialisation, the second was externalisation, the third 

was codification and the final was internalisation (each will be explored in detail in the 

following section of this chapter). As diagrammatically presented in Figure 3.2, Phase 1 and 

Phase 2 are data collection points which were analysed in the codification phase, Phase 3. The 

codified data was then integrated into the internalisation phase, Phase 4, which also includes 

data analysis through ordinal regression. A summary of the method relevant to each study 

context will also be provided in Chapter 4 and Chapter 5. 

3.6 Phase 1- Socialisation 

Socialisation, as defined in Chapter 2 Part B, is the tacit-to-tacit sharing of knowledge. 

Socialisation creates opportunities for indigneous farmers to share knowledge and 

experiences in a culturally appropriate environment. The purpose of the first phase of this 

research study was to identify mechanisms which enhanced tacit-to-tacit knowledge sharing 

between indigneous farmers. The socialisation phase used the concept of a community of 

practice, as outlined in the theoretical proposition (Section 2.6). The following two chapters 

describe the sample size and sampling technique (Section 3.6.1) and the data collection 

technique (Section 3.6.2). 

3.6.1 Unit of analysis and sampling 

It is generally accepted by qualitative researchers that the unit of data collection is the 

individual, while the unit of analysis is the organisation to which the individual participant 

belongs (Yin, 2008). For this present research phase, the unit of observation was the single 

Indigenous farmer working within the village and the unit of analysis was the village to which 

the Indigenous farmer belonged. It is important to note that, as described in the literature 

review, Indigenous villages generally have a hierarchical system and therefore each unit of 

observation (farmer) possesses varying levels of knowledge (Barrera-Bassols & Zinck, 2003). 

For this research phase, Phase 1, the sample size was three units, that is, n=3 villages: Kukan 

(PNG), Bene and Lorevuilko (Vanuatu). In the PNG study, a total of n=28 participated, and 

from Vanuatu a total of n=29 participated, with n=19 from the Bene village and n=10 from 

the Lorevuilko village. A total of n=57 farmers from three units participated. Phase 1 in PNG 
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was undertaken in July/August 2013, and in Vanuatu Phase 1 occurred from February to 

September 2016. 

Phase 1 – Socialisation
Data Collection

Phase 2 –
Externalisation
Data collection

Semi-structured 
interviewsObservations

Phase 3 – Codification
Data analysis

(Thematic Analysis)

Phase 4 –
Externalisation
Data collection

Data analysis

Participant 
Observations

Semi-structured 
interviews

Surveys

 
Figure 3. 2 Approach to data collection and analysis for this research 

In this phase of the study a purposive sampling technique was used to select the participants. 

Purposive sampling is a non-random technique where participant selection is a deliberate 

choice based on the criteria that a key participant possesses (Tongco, 2007). Participants for 

Phase 1 of the study were selected based on being small holder farmers who were Indigenous 

to the region. Participants were selected through consultation with the village Chief/Elder, as 

was culturally appropriate in both PNG and Vanuatu. This technique has been used in other 

studies, for example Bah et al. (2006). 

3.6.2 Data collection 

Prior to the collection of data, the purpose of the research and the research process was 

explained to participants and consent was obtained through an interpreter. All consents were 
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recorded on an audio device and stored on a computer with a security password. The choice 

of setting for socialisation was decided by the participants. In PNG, a community meeting 

place was selected, as shown in Figure 3.3, and in Vanuatu the village church was selected. 

The data for Phase 1 was collected through observing and recording participant interactions. 

Knowledge shared was also recorded via audio or field notes. 

3.7 Phase 2 – Externalisation 

To gain an understanding of Indigenous agricultural knowledge, data collection was required 

to go beyond the community of practice. Data collection needed to access on-farm knowledge 

through observing, participating, and talking with Indigenous farmers in their gardens. This 

phase, Phase 2, of the research converted Indigenous tacit knowledge to explicit knowledge. 

This phase of the research is termed externalisation. 

The following Sections, 3.7.1 & 3.7.2, describe the sampling strategy and data collection 

methods of the externalisation phase. The following sections also include an overview of the 

design strategies used to develop the data collection instruments employed in this study, 

which were semi-structured interviews and participant observations. 

 

Figure 3.3 Community of practice meeting place, Kukan Village, PNG. 
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3.7.1 Sampling strategy 

As with Phase 1, the sample strategy for Phase 2 was purposive, however, in addition to 

Indigenous small holder farmers, specialist agricultural extension and education officers were 

included in the data collection exercise. Sampling was from 16 villages across two countries, 

listed in Table 3.2. The two countries, Papua New Guinea (PNG) and Vanuatu, were 

purposively selected based on the high number of Indigenous farmers and proximity to the 

researcher (then based in the Northern Territory). 

3.7.2 Data collection 

The externalisation research techniques were semi-structured interviews (using translators), 

participant observations and apprentice observations24. Prior to submission to the ethics 

committee, all research instruments were piloted. The term ‘pilot’ refers to the pre-testing of 

a research instrument and is a “crucial element of a good study design” (van Teijlingen & 

Hundley, 2002). Accessing Indigenous farmers to pilot the research instruments was not 

feasible due to travel costs and time. As such, the pilot was undertaken by a post graduate 

student who possessed seven years of experience in working with Indigenous people and who 

was not the researcher. The pilot was guided by the procedures outlined in van Teijlingen and 

Hundley (2002, p.3). The feedback from the pilot study highlighted the difficulty of answering 

closed questions during the semi-structured interview. The situation was resolved by altering 

the questions to open questions, allowing participants to be broader and more expansive in 

their responses. Research instruments can be found in Appendix 3. 

The externalisation phase collected n=45 data sets from PNG and n=69 data sets from 

Vanuatu, accounting for n=114 data sets, collected across 17 villages. Table 3.2 presents the 

number of farmers from each country, region and village who participated in the 

externalisation phase. In addition to the farmer interviews and observations the research 

included n=8 semi-structured key informant interviews with extension and education officers 

(see Table 3.3). Key informant interviews, because of their position, experience and 

reputation, can provide knowledge about the industry and communities (Luloff et al., 2012). 

                                                      
24 ‘Apprentice observations’ is the term I have given to those visual observations as if made by an apprentice. 
In this research I took on the role of an apprentice, similar to that of a junior tradesman being trained in a 
specific skill. 
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Table 3.2 Location and number of externalisation participants 

Village Country Region/Island No. of semi-

structured farmer 

interviews 

No. of farmer 

observations 

Kukan Papua New 

Guinea 

Western 

Highlands 

16 19 

Kudgip Ownim Papua New 

Guinea 

Western 

Highlands 

11 7 

Tambul Papua New 

Guinea 

Western 

Highlands 

1 1 

Bene Vanuatu Espiritu Santo 8 4 

Fanafo Vanuatu Espiritu Santo 3 2 

Bombua Vanuatu Espiritu Santo 5 - 

Ban Ban Vanuatu Espiritu Santo 1 - 

Stonehill Vanuatu Espiritu Santo - 5 

Falanhara Vanuatu Espiritu Santo 4 6 

Lorevuilko Vanuatu Espiritu Santo 1 1 

Port Orly Vanuatu Espiritu Santo 6 - 

Lebibi Vanuatu Espiritu Santo 1 - 

West Santo Vanuatu Espiritu Santo 1 - 

Vawor Vanuatu Espiritu Santo 1 - 

Charpius Vanuatu Espiritu Santo 2 3 

Valenkara Vanuatu Espiritu Santo - 6 

Forchenal Vanuatu Espiritu Santo - 3 
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Table 3. 3 Location and number of extension participants 

Country Organisation Number of participants 

Papua New Guinea Fresh Produce Development Agency 2 

Vanuatu Ministry of Agriculture, Livestock, 

Forestry, Fisheries and Biosecurity 

6 

3.7.2.1 Interviews 

The externalisation phase of this study employed ethnographic research techniques, 

including interviews, which are the most common form of data collection in ethnographic 

research (Guthrie, 2010). However, interviews are not all the same, as each is embedded in 

different philosophical groundings (Jennings, 2005). There are four types of interviews 

typically used in ethnographic research; structured, semi-structured, unstructured and non-

directive (Kajornboon, n.d). 

For the purpose of this study, semi-structured interviews were used (Appendix 3). Semi-

structured interviews have the advantage of collecting rich empirical data about people’s 

perspectives, stories and lives, whilst allowing the interviewer to modify, add and adapt 

questions to assist in the flow of participant responses (Cousin, 2009). Semi-structured 

interviews often use guiding questions to manage the direction of the interview, however, as 

Oakley (1981) suggests, any attempt to overly control the interview process fails to respect 

the participant and considers them as if they are merely a source of data, highlighting the 

importance of a well thought out approach. 

In reflecting on the social science research paradigm established earlier, the semi-structured 

interview presents an instrument which is open enough to identify and code new or surprising 

discoveries, but focused enough so that a researcher does not drown by the enormous 

amount of data. In considering Oakley’s (1981) critique above, and by adhering to the 

Kaupapa Maori research philosophy, the semi-structured interview respects participants as it 

does not overly control the interview process. 
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Interview design 

Slater and Atuahene-Gima (2004, p. 227) suggest that, compared to laboratory research, field 

studies should “....be strong in realism, practical significance and normative quality”. Based 

on this, design and construction of the interview instrument was undertaken in a manner to 

ensure it was contextual and the responses were reliable. A key element in the design and 

construction was the assurance that the instrument had valid objectives (Fink, 2003). 

Instrument objectives are valid if two or more people agree on all of the terms used to 

describe the survey’s purposes (Fink, 2003). The instrument was also designed to ensure that 

the terms and concepts were accessible for a translator, as it was the translator who 

undertook the majority of the semi-structured interviews; see Figure 3.4 as an example (an 

interpreter was not required for the semi-structured interviews with the extension officers).  

In order to meet these requirements, the semi-structured interview questions were read by 

two postgraduate students25 who both agreed that the interview questions would allow the 

objectives to be achieved.  

 

Figure 3. 4 Semi-structured interview being undertaken at Stonehill, Espiritu Santo, 

Vanuatu, June 2016. (Photo taken by Researcher)  

                                                      
25 One of the post-graduate students had formal qualifications in Education with a Graduate Certificate in 
Teaching English as a Foreign Language; the other possesses a Bachelor of Business and at the time was 
studying a Postgraduate in Development. 
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The interview design required consideration of specific components related to the particular 

demographics of the intended sample set, such as the type of question, question wording, 

interview length and obtaining participants, and each is expanded below. 

1. Type of question – There are two types of questions which may be posed in an interview: 

open and closed questions (Johnson & Turner, 2003). Open questions allow respondents an 

opportunity to expand and elaborate, and allows for broad responses. Data from open 

questions needs to be coded, however, Christensen (2003) suggests that responses from open 

questions often don’t make sense, making coding the response difficult. In contrast, closed 

questions require explicit responses, not allowing for expansion of responses, but are more 

easily coded. Both, open and closed offer an opportunity to understand Indigenous 

agricultural knowledge, and as such, the interview instrument selected was semi-structured, 

with the interview containing open questions allowing for broad and elaborate responses, 

and closed questions which required explicit responses.  

2. Question wording – A participant’s ability to provide direct and appropriate responses stem 

from well worded questions. Questions should be direct, simple, specific and discreet 

(Colorado State University, 2012). Grenier (1998) suggests that a question such as ‘which 

plants are used for fruit and vegetables?’ will yield more information than ‘which plants are 

used for food?’ Wording of the research instrument was carefully considered to promote in-

depth participant responses. To minimise participant/translator confusion and promote 

responses, the interview instrument questions used less complex language and the questions 

were short and targeted.    

3. Interview length – In general, interview length is dependent on the topic being researched 

and the population to which it is being administered. This present research required an in-

depth ethnographic study which explored Indigenous agricultural knowledge and Indigenous 

culture and therefore required longer and fewer interviews (see Rowley, 2012), however, not 

so long that participant’s lost interest and response quality was diminished. Whilst the 

interview length was designed to be completed within 45 minutes, thus allowing for in-depth 

responses without participants losing interest, several interviews exceeded this timeframe.  
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4. Obtaining participants – Once constructed, the interview was administered to a group of 

individuals in order to obtain a set of responses which provided an answer to the research 

question (Christensen, 2003). The target population was the group of people to which the 

investigation wants to construct inferences by using a sample population as it was not feasible 

to investigate the entire population, and therefore a sample of the population was selected 

(Groves et al., 2009). The population (villages) selected for this study was purposively selected 

as they were representative of the broader region, that is, the selected villages were involved 

in high-intensity land use and were Indigenous to the region. 

3.7.2.2 Observations 

Observations are an essential element of ethnographic research. This present research study 

incorporated two forms of observation: participant observation and apprentice observations. 

Participant observation 

Participant observation has been shown as a valuable vehicle in understanding tacit 

information (see Wyatt, 2003). As a broad definition, participant observationas is “the process 

of learning through exposure to or involvement in the day-to-day or routine activities of 

participants in the researcher setting” (Schensul, Schensul & LeCompte, 1999, p.91). 

Participant observation places the researcher in an active role within the group being studied, 

allowing for a rich perspective of the observed phenomena and involves taking field notes 

based on a participant’s daily activities, interactions with participants, informal interviews, 

and involvement in rituals and events as a way in which to understand the explicit and tacit 

aspects of the participant’s cultural life (DeWalt & DeWalt, 2011).  

As described above (Section 3.7.2.1), data collection used semi-structured interviews 

conducted by a third party (interpreter). To enhance confidence in the finding of the semi-

structured interviews, participant observation helped clarify responses and strengthened the 

process of triangulation. The application of participant observation in triangulation is 

supported by DeWalt and DeWalt (2011) who state that firstly it “enhances the quality of the 

data obtained ...and secondly it enhances the quality of the interpretation of the data” (p. 

10).  
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Participant observation could be considered as both a collection as well as an analytical 

process. For the present study, participant observations were guided by four ethnographic 

principles, as established by Atkinson and Hammersley (1994), being: 

• studying the nature of the social phenomenon, rather than purely testing a 

hypothesis; 

• primarily working with unstructured data; 

• investigation of a small number of cases, such as a particular social group or 

community; 

• analysis of data which requires explicit interpretation of tacit information. 

It is generally acknowledged that participant observation involves developing a strong rapport 

between the researcher and the community in which they are working in (Angrosino, 2005). 

Throughout the eight years of experience of living in and working with Indigenous 

communities, I have experienced a range of challenges when building rapport with 

communities, all of which I learned from and were invaluable when undertaking field work in 

Papua New Guinea and Vanuatu. These challenges included: 

• unknown local languages and dialects; 

• the association of ‘white man’ with colonialism; 

• requests by the community that the researcher find solutions to 

community/agricultural problems which are outside the researcher’s capacity; 

• different communities and social groups can have different attitudes to the concept 

of time; 

• community dependence on welfare or NGO funding can create a ‘what do we get out 

of this’ attitude; 

• a view by some Indigenous people that the ‘white man’ is here only to ‘take’, leading 

to distrust; 

• crossing cultural boundaries (although these are often forgiven quickly and most often 

become the butt of many jokes). 
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In an effort to counter and/or minimise the impacts of the above challenges, this research 

study included the use of local interpreters, participant and apprentice observations and 

much of the field work was undertaken on the participants farm. 

Observation tools of this particular research included photos (such as Figure 3.5), notes, 

sketches and audio and video recordings (see Appendix 3). 

Participant observation has limitations in research for observation is paradoxical, that is, the 

process is inherent in simultaneous internal engagement with participants and external 

observation as a means of data collection. Duncan and Diamond (2010) describe this as having 

“one foot in and one foot out” and this can lead to a blurring of the lines between self and 

others. DeWalt and DeWalt (2011, p. 94) suggest that an “observer and his/her circumstances 

and biases cannot be separated from the accounts that he/she writes ...a different observer 

with different personal characteristics and interests is likely to report quite different aspects 

and dimensions of the same event”. Whilst it is acknowledged that personal biases impact 

observations, without observations, observational data would not be collected, analysis 

would not be undertaken, and change, when required, would not be made. The validity of 

observation data was strengthened as the researcher acknowledged his personal biases 

(Section 3.3). Observation data was also strengthened as the researcher paid particular 

attention to details in order to record them objectively whilst constantly reflecting on the 

potential for bias. 

A further limitation of observation was the researcher’s personal attributes. For example, 

gender is a determinant in the nature of the data as male and female researchers often have 

access to different cultural settings, people, and bodies of knowledge (DeWalt & DeWalt, 

2002). To address this within this study, as far as possible, an interpreter familiar with the 

participants assisted in observational data collection, as participants (particularly female 

participants) were more comfortable with the interpreter in attendance. 
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Figure 3. 5 Observing traditional methods of harvesting sweet potato in the village of Kudgip 

Ownim, PNG. 

The concepts of observation suggest that a researcher should become immersed into the 

culture, however, for a variety of reasons it is unlikely a researcher will ever be fully accepted 

by a culture which is different from their own.  Reasons for this lack of acceptance may include 

a lack of trust, potential threat to the community or the researcher, a community’s discomfort 

of having an outsider in the community, as well as gender and language differences (Schensul 

et al., 1999). In this present research, acknowledgement of these factors was important. 

Acknowledgement was in the form of recognising that, whilst appropriate research methods 

will assist in understanding Indigenous knowledge, it is unlikely that the researcher would 

ever fully understand Indigenous knowledge or the culture in which it is embedded. 

Apprentice observation 

In accordance with Spradley (1980), a researcher using the approach taken in this present 

research study needs to actively participate in the community. Such participation may include 

eating, working and sharing stories with the community. During times of agricultural work the 

researcher took on the role of an apprentice. As was identified in the above literature review, 
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(Section 2.4.1) tacit knowledge can be shared through the form of an apprenticeship. An 

apprenticeship is a process where an apprentice learns their craft from one who is considered 

an expert or master, generally through hands-on experience. Apprentice observations 

provided an opportunity to perform work alongside Indigenous farmers, providing a greater 

understanding of agricultural processes and building farmer-to-researcher trust. Wadel 

(2015, p.86) calls this type of observation a work-along.  

There are several limitations to apprentice observations, as described below from the 

researcher’s perspective: 

Lack of holistic experience - The experience was unlikely to be holistic due to my lack of 

understanding of external factors, such as cultural and community hierarchies. It was 

important to reflect on this when later writing the apprentice observation notes. 

Recording data - I was limited in taking notes, recordings, or photos due to the physical nature 

of being the apprentice. The hours were long, the work hard and writing observations at the 

end of the day was often demanding. Often, I would place my audio or video recorder on the 

ground in the hope of recording as much as possible or scribble notes in a small pocket note 

pad when possible. In order to keep apprentice observation notes, photos and recordings in 

correct order I developed a digital diary where I stored data and labelled the recorded data 

by date and location. 

Time frames – The number of apprentice observations were limited due to the time limits I 

had to undertake the field study. I was also aware of not overstaying my welcome with 

farmers or communities. 

Inclusion of personal bias – The apprentice observation notes included my personal biases. As 

a Western educated researcher, the notion of planting specific plant species to keep away 

spirits was challenging; I needed to be conscious of my own personal bias and ensure that all 

notes were taken without judgement. 

Despite the above limitations, the research method of apprentice observations enhanced the 

understanding of tacit knowledge and built relationships between the researcher, the 
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participants and the village, which in turn strengthened the quality and quantity of the 

information and data that was obtained. 

3.8 Phase 3 - Codification 

The first two phases of the ESAD approach, socialisation and externalisation, have been 

explored in Sections 3.6 & 3.7. This section, (#3.8), outlines the third phase of the ESAD 

approach, termed codification.  

Whilst the term codification often implies a method of data analysis in the methodology of 

grounded theory (Glaser, 2017), the term codification in this present research study refers to 

the preparation of ethnographic data into a format which can be shared and/or stored. Phase 

3 of this research study codifies the findings from Phase 1 and Phase 2 (see Figure 3.1), thus 

creating a repository of Indigenous knowledge relevant to sustainable agricultural practices 

that can then be shared with the extension agencies, Indigenous farmers and the community, 

via the internalisation phase, as discussed later in Section 3.9. 

3.8.1 Data management 

The data management strategy used in this phase of the study was the CATCH method; 

Collection, Analysis and Transmission of Consolidated Holistic information (Kingo, 2002). This 

method was used during previous research undertaken by the researcher (Radcliffe, 2012). 

The CATCH is based on the Novo Nordisk philosophy26. As the collection of data has been 

described already (in the socialisation and externalisation phases), this section explores the 

analysis and transmission methods. 

3.8.2 Analysis 

The purpose of data analysis for this present research, and in alignment with Babbie (2008), 

was the detection of patterns from the data which point to a theoretical understanding of 

social life. Miles and Huberman (cited in Punch, 2005, p. 197) state, “analysis relies on three 

main components: data reduction, data display and drawing and verifying conclusions”. The 

                                                      
26 Novo Nordisk is a Danish healthcare company and world leader in diabetes care who have established the 
model based on quality knowledge management practices, see https://www.novonordisk.com/. 



109 
 

 
 

data analysis for this study relied on each of these three components and each is described 

in the following section. 

3.8.2.1 Data reduction 

Phases 1 and 2 of the research process, socialisation and externalisation, provided raw data 

from semi-structured interviews and observations. Phase 3 of the research process, the 

codification phase, required the raw data to be analysed. Data was analysed in Microsoft Excel 

(version 2013). All participants were de-identified and provided with an anonymous study ID 

(for example Participant 1, Participant 2) and catalogued and maintained separately. The 

method of data analysis was thematic analysis (Braun & Clarke, 2006). 

Thematic analysis (TA) is an inductive approach that identifies and analyses patterns and 

repetition for meaning in data by illustrating themes important within the context of the study 

(Joffe, 2012). Fereday and Muir-Cochrane (2006, p.4) describe thematic analysis as “a form of 

pattern recognition within the data, where emerging themes become the categories for 

analysis”. Boyatzis (1998) suggest thematic analysis is a tool to be used across different 

methods, however, Braun and Clarke (2006) argue that it should be considered as a method 

in its own right. Thematic analysis can provide a detailed and prosperous, yet complex, 

account of the data due mostly to its flexibility, although it is this flexibility which also lends 

thematic analysis to errors such as reflexivity (the issue of reflexivity is dealt with later in 

Section 3.10).  

A researcher should acknowledge and make explicit their epistemological assumptions (Braun 

& Clarke, 2006), providing readers with an explanation of the way the researcher understands 

their position within the context of the study. The assumptions made within this study are 

that qualitative research cannot ‘speak’ on behalf of participants, as this would require 

editing, matching and adapting snippets of data to suit an argument. Rather, the research 

provides a ‘snapshot’ of themes and views of the participants. There are three slightly varying 

methods of thematic analysis: realistic, constructionistic and contextualistic, as in Table 3.4. 

This present research study aims, as much as possible, to present data in the realistic format, 

however, constructionistic and contextualistic data will also be explored. 
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Table 3. 4 Methods of thematic analysis 

Method Outcome 

Realistic Reports on experiences and meanings of reality of 

participants 

Constructionistic Explores how events, meanings, realities and 

experiences affect discourses operating in society 

Contextualistic Reports on the ways in which participants make 

meaning from their experiences and the broader 

social impingements. 

Source: Braun and Clarke, 2006. 

Within the concept of thematic analysis, a theme refers to specific patterns built up from the 

text of selected studies, which consist of manifest content, something which has been directly 

observed, or latent content such as references in the interview transcripts (Dahan-Oliel et al., 

2012). These explicit and implicit themes allow one to demarcate whether the theme is drawn 

from a theoretical basis or from the raw data itself (Joffe, 2012). Theoretical themes allow 

research to refute, extend or replicate studies, however, Joffe (2012) argues that there is little 

point in ignoring naturalistically occurring themes evident in the interview transcripts. For this 

research study, the thematic analysis process proceeded through six stages of inductive 

thematic analysis, as adapted from Fereday and Muir-Cochrane (2006) and Braun and Clarke 

(2006), presented below in Figure 3.6. The six stages were selected for this research study as 

they provided a clear step by step process which was easy to implement across the large 

amount of data captured, particularly by the first two phases of the ESAD approach. It should 

be noted that the analysis did not simply follow the stages step-by-step, rather it was achieved 

in a more recursive fashion. 

Stage 1 – Transcribing the data. My own experience of working with Indigenous people is that 

the knowledge of being recorded by video or audio can add to the stress levels of an already 

stressful situation and may limit the information they share27. Therefore, the audio and/or 

                                                      
27 I first started trialling audio and video recording of Indigenous knowledge with the Yolgnu people across the 
Arnhem region, Northern Territory. The unfamiliarity of recording devices restricted the information they shared 
as the devices increased stress and participants often worried about saying the wrong thing or sharing restricted 
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video recording of semi-structured interviews and communities of practice was often limited 

to the consent stage. When audio or video recording was not possible, notes were written 

and recorded regularly. This data set provided the initial broad themes used for the thematic 

analysis. 

Stage 1. Transcribing of data –
reading/re-reading, summarising and 
identifying initial themes

Stage 2. Searching for themes and 
generating codebook

Stage 3. Testing the reliability of the 
codes

Stage 4. Applying the codes and 
identifying any new codes

Stage 5. Connecting the codes and 
identifying the themes

Stage 6. Substantiating and 
legitimating coded themes

Figure 3. 6 Six stages of thematic analysis used in this study 

Source: Adapted from Fereday and Muir-Cochrane (2006) and Braun and Clarke (2006). 

                                                      
cultural knowledge. This was also found to be the case among indigenous participants in Papua New Guinea and 
Vanuatu. In this research study, participants were given the choice to be recorded or not. 
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Stage 2 –Searching for themes and generating a codebook. According to Boyatzis (1998), a 

thematic code must be useful, meaningful and it should “capture the qualitative richness of 

the phenomenon” (p. 31). In ensuring analytical reliability and validity, the codes for this 

research study comprised of five elements, as described in Boyatzis (1998, p.31): 

(1) A label. 

(2) A definition of what the theme concerns. 

(3) A description of how to know when the theme occurs. 

(4) A description of any qualification of exclusion to the identification of the theme. 

(5) Examples, both positive and negative, to eliminate possible confusion when looking for 

the theme. 

A brief review of the data provided the first set of codes for the codebook, as the example in 

Table 3.5 shows. Once the main themes were established a more in-depth analysis led to the 

creation and definition of meta codes. 

Stage 3- Testing the reliability of the codes.  Once the initial codes were established, the 

researcher coded a small sample of data. The same sample of data was given to a 

postgraduate student28 who used the codebook to analyse the sample. Thus, the reliability 

was assessed by comparing the results from both samples to determine any important 

differences. In this case, no important differences were identified and therefore no 

modifications were made to the codebook.  

3.8.3 Transmission of consolidated holistic information 

The data management strategy used in the codification phase was the CATCH method: 

Collection, Analysis and Transmission of Consolidated Holistic information. As previously 

highlighted, the collection of data occurred during the first two phases of the research: 

socialisation and externalisation (Sections 3.6 and 3.7). The Codification phase then 

undertook analysis which then detected patterns from the data, as described above (Section 

3.8.2). The final step of the CATCH method for data management is the consolidation of 

                                                      
28 The postgraduate student possesses qualifications in Teaching English as a Second Language and is involved 
in ongoing research on Indigenous health. 
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holistic information, achieved through the stages 4-6 of the thematic analysis process as 

described below. 

Table 3. 5 Extracts from the codebook 

Elements Description  

Code 1 
 

Label Manure 

Definition Animal waste products 

Exclusion No specific exclusions 

Example (Positive) Poultry, Cattle, Horse, Pig, etc. 

Example (Negative) Inorganic fertiliser, pesticide 
 

Code 2 
 

Label Ash 

Definition Carbon residue after burning of plant matter 

Exclusion No specific exclusions 

Example (positive) Burnt leaves, kitchen fire ash, burnt material from waste 

Example (Negative) Mulch, unburnt material 

 

Stage 4 - Applying the codes. As the data was transcribed, codes were applied. Any new codes 

identified were developed and also applied to the codebook.  

Stage 5 - Connecting the codes. As data was interpreted, transcribed responses were 

summarised and codes applied, codes which interconnected (for example soil name and soil 

colour) were then categorised into themes. Both the codes and themes were recorded into 

Microsoft Excel© 2013 spreadsheets.  

Stage 6 - Substantiating and legitimating codes and themes. Coding data is a subjective 

process which can result in illegitimate codes; in fact, Fereday and Muir-Cochrane (2006) 

suggest that fabricating evidence is a common problem during the coding stage. In order to 

substantiate data, codes were required to link back to the original data.  
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Determining data saturation was essential to legitimating the codes as well as the validity of 

the coded data. Fusch and Ness (2015, p.1408) state that “data saturation is reached when 

there is enough information to replicate the study, when the ability to obtain additional new 

information has been attained, and when further coding is no longer feasible”. Data collected 

was both rich in quality as well as thick in quantity. The key process in determining data 

saturation of qualitative data in this study was to read and re-read the data until no further 

themes could be identified, thus no new codes created, and no new data added. 

3.8.2.3 Limitations of thematic analysis 

A pitfall in thematic analysis is using the interview questions as the basis for the ‘themes’. 

Braun and Clarke (2006, p. 94) suggest that in the case when interview questions are used as 

themes “no analytical work has been carried out to identify themes across the entire data set, 

or make any sense of the patterning of responses”. Whilst the researcher acknowledges the 

points made by Braun and Clarke (2006), initial analysis of the data actually stimulated themes 

which were in alignment with the research question and it was only after more in-depth 

analysis that data was placed in more narrow themes. In fact, it was found that during 

thematic analysis, initial themes could be guided by interview questions so as not to 

overwhelm the researcher by the amount of data which required themes. 

Due to the nature of this study, the themes were identified and data coded by one person, 

thus allowing for consistency, however, it is noted that this process fails to provide multiple 

perspectives. Ideally a thematic analysis would allow for themes and coding to be developed 

by a range of people with varying expertise through discussions, forums, panels, coding may 

even include the participants themselves (Fereday & Muir-Cochrane, 2006), however, a lack 

of time and money restricted this from occurring for this particular study. 

3.9 Phase 4 - Internalisation 

So far, the first three phases of the ESAD approach have been detailed. The first phase of the 

research, socialisation, created an opportunity for farmers to share tacit knowledge within a 

community of practice. The second phase of this research, externalisation, converted tacit 

knowledge into explicit knowledge. The third phase of this research was codification, whereby 

explicit data was coded to form a repository of Indigenous knowledge, that is, explicit-to-
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explicit knowledge transfer. The final phase of the ESAD approach is the internalisation phase 

or explicit-to-tacit knowledge sharing. This phase involves the entwining of explicit Indigenous 

knowledge from the first three phases of the research study, with Western scientific 

knowledge, so as to create new sustainable agriculture knowledge. 

3.9.1 Sampling Procedure 

A purposive sampling technique was used to select participants, namely that the primary 

source of income was from agriculture, and that participants were Indigenous Papuan and 

Vanuatu Nationals. The Jiwaka region of PNG was purposively selected for its high-level land 

use intensity, as noted by Allen and Bourke (2009). The island of Espiritu Santo, Vanuatu was 

purposively selected due to the importance placed on Indigenous knowledge in daily life of 

farmers, as noted by Huffman (2013). 

3.9.2 Data collection and analysis 

The internalisation phase of this research study required a platform to support the explicit-

to-tacit knowledge sharing process. The Sustainable Agriculture Learning Framework (SALF), 

as presented in the theoretical proposition (Section 2.6), was implemented as the vehicle for 

the internalisation phase. The SALF was designed to facilitate learning among Indigenous 

farmers by weaving Indigenous knowledge and culture together with Western science. The 

Indigenous knowledge and culture used for the SALF was developed from the socialisation, 

externalisation and codification phases of the ESAD approach (refer to Figure 2.7). 

In Papua New Guinea, the SALF workshops ran over a two-week period, with n=48 

participants over an eight-day workshop in May 2015. The gender mix of the workshop was 

n=10 females and n=38 males. 

In Vanuatu, the SALF was facilitated in two villages. This was necessary as the populations of 

each village were too small to include a participation rate which would be deemed reliable. 

As such the SALF ran in each village once a week for 11 weeks with n=29 participants: n=15 

male and n=14 female. The first Vanuatu SALF workshop was in the village of Bene and was 

undertaken from September to December 2016. The second SALF workshop in Vanuatu in the 

village of Lorevuilko was undertaken from May to August 2017. 
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The topics for the SALF workshops were established in consultation with the participants and 

included concepts such as sustainable soil management, safe farm practices, food plant 

nutrition, planting and harvesting, community health, and basic financial and farm planning 

(Appendix 10).  

In order to determine changed perceptions and attitudes of SALF participants toward 

sustainable agricultural practices, participants responded to a survey (Appendix 3) both prior 

to the SALF and then upon completion of the SALF workshops. The data from the surveys was 

analysed through ordinal regression, explained below in Section 3.9.2.1. 

Six months after the SALF, a final data collection in the form of a semi-structured interview 

(Appendix 3) was undertaken. The purpose of this research instrument was to identify 

medium-term changed agricultural practices, that is, practices which had been implemented 

as a result of the SALF by those who participated in the SALF within the six months between 

the SALF workshop and the final data collection. In PNG, of the n=48 who participated in the 

SALF, n=33 took part in the follow up data collection. The n=15 participants who were not 

interviewed were unavailable. In Vanuatu, of the n=29 who participated in the SALF, n=20 

took part in the follow up interview. The n=9 participants who were not interviewed were 

unavailable.  

3.9.2.1 Analysis of survey data 

Results for the survey questions which were ordinal were analysed by using ordinal regression 

to determine if there was a difference in the responses before the SALF (pre) and then after 

the SALF (post). For the ordinal regression analysis, it was required that the Condition Hessian 

value was less than 10,000. The Hessian is a matrix which takes the results of the original (pre) 

survey results and compares the difference with the second survey results (post). The 10,000 

is the cut off value, for example a Hessian value of 53 (which does not exceed 10,000) means 

that this test is valid. Of the ordinal survey questions, all met this condition. The analysis was 

carried out in R (R Development Core Team, 2010) using the ordinal package (Christensen, 

2015).  

Results for survey questions which were ordinal, but in the post survey questions all 

respondents answered ‘very important’ (so there is no variability associated with the post 
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survey questions), a Fisher’s Exact test for independence was carried out to determine if the 

results were independent or not, as described by McDonald (2014).  

Results for binomial questions were analysed using a single predictor logistic model with 

binomial distribution and logit link function. Questions which allowed for multiple responses 

to be selected were split up according to their responses and a binomial variable was created 

1= if selected and 0= not selected. Analysis for all survey results was carried out in R (R 

Development Core Team, 2010). 

3.10 Reflexivity, validity and generalisability of the research study 

Within any study it is vital to identify inherent limitations which will arise, as far as can be 

foreseen, with regard to reflexivity, validity and generalisability. Researcher awareness of 

these issues will not remove them from the research study, however, it will allow a researcher 

to construct some preventative measures including use of interpreters, use of video and use 

of audio recordings, all of which are further explored below. 

3.10.1 Bias and Reflexivity 

A common perception of qualitative research is that the researcher finds what they want to 

find. This current research attempts to explore and understand Indigenous knowledge and 

use this knowledge to allow current agricultural practices used by farmers to be more 

sustainable. In order to do this, semi-structured interviews and observations were utilised. 

Results for analysis stemmed from selective observations and personal interpretations of 

such observations. To examine researcher bias throughout the analysis stage, the technique 

of reflexivity was applied, as explained later in this section. 

Reflexivity is founded on the formation of personal opinion, which Plato (cited in de Guerrero, 

2005, p.1) surmises poetically, 

“I mean the conversation which the soul holds with herself in considering of anything. 

I speak of what I scarcely understand; but the soul when thinking appears to me to be 

just talking – asking questions of herself and answering them, affirming and denying. 

And when she has arrived at a decision, whether gradually or by sudden impulse, and 

has at last agreed, and does not doubt, that is called her opinion. I say, then, that to 
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form an opinion is to speak, and opinion is a word spoken – I mean to oneself and in 

silence, not aloud or to another”. 

From the eight years spent working with Indigenous people I have an awareness of my own 

set of personal and professional biases and an awareness that this bias would have ‘crept’ 

into the research, had strategies not been designed to curtail this. The principal strategy to 

minimise bias within the current research was constant self-reflection, both as a researcher 

and in relation to the topic of research. Self-reflection came in the way of three simple 

questions: 

(1) Am I standing outside looking in? 

(2) Do these observations and interpretations align with my beliefs, values and ideas?  

(3) If these observations and interpretations do align with my beliefs, values and ideas, are 

they actually mine? 

Instead of being a source of error through bias, personal reflection is considered as an 

important resource integrated into the research (Hand, 2003).  

3.10.2 Validity 

Validity refers to the design and method of a research study and indicates how sound the 

research is. Validity is necessary as “any research can be affected by different kinds of factors, 

which while extraneous to the concerns of the research, can invalidate findings” (Seliger & 

Shohamy, 1989, p. 95). Burke (1997) suggests that in order to test for validity, the researcher 

should constantly reflect on the accuracy of data recorded. Self-reflection during this present 

research was in the form of a question, being ‘did what is being reported as taking place in 

the village studied actually happen and did I accurately report what I saw and heard?’. If there 

were any doubts in the answer to this question, then the relevant data was not used in the 

study. 

Two further strategies were implemented to obtain validity regarding data collection: 

1. The use of video, audio and photographic recordings of activities. 
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2. The use of interpreters. As the research was undertaken in remote areas of PNG and 

Vanuatu, little or no English was spoken by participants, therefore communication required 

an interpreter. Discussions and interviews were recorded and transcribed by the interpreter 

and observations were recorded by both myself and the interpreter (where possible). This 

type of investigator triangulation allowed for cross-checking of observations and interview 

recordings. When there were errors, which occurred due to subtle differences in meaning, 

clarification between myself, the interpreter and/or participant was sought. Whilst I am able 

to communicate in the national languages (Tok Pisin in PNG and Bislama in Vanuatu), although 

to varying degrees, an interpreter was better placed to identify incongruities as well as cater 

for local dialects. 

Research validity is enhanced by comparing study results with a ‘control’. In this particular 

study, the research validity may be enhanced by applying the proposed agricultural extension 

approach and the current approach of extension, the transfer of technology. However, this 

study did not practically apply the transfer of technology approach, rather, it relied on 

qualitative and quantitative data from the numerous studies in extension literature. Whilst it 

would have been preferable to compare the transfer of technology data generated from 

research undertaken in this thesis, it was felt that transferring agricultural knowledge in such 

a non-participatory paternalistic and top-down approach, simply to compare results, would 

be detrimental to the relationship with local communities, potentially creating negativity 

toward any future extension projects and the research study itself. 

3.10.3 Generalisability 

Generalisability, as described by Polit and Beck (2010) is “an act of reasoning that involves 

drawing broad conclusions from particular instances – that is, making an inference about the 

unobserved based on the observed” (p.1451). Whilst generalisability of qualitative research 

is not usually an expected attribute, the increasing trend of qualitative research through 

meta-synthesis means that evaluation of generalisability is becoming pertinent (Leung, 2015), 

and therefore was included in this research. 

One element of this research study sought to understand Indigenous knowledge and culture, 

phenomena which are dynamic and deeply contextual, often relevant only to a particular 
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community and which vary individually depending on the individual’s status within the village. 

Whilst the contextual nature of the data could be considered a weakness, describing the 

context in detail can actually strengthen generalisability (Øvretveit, Leviton & Parry, 2011). 

Whilst there is no agreement about which context factors should be reported (Øvretveit et 

al., 2011), this research study specifically focused on describing geographic location, culture, 

language and agricultural practices, factors which inform the reader when considering 

whether the findings could be extrapolated from one setting and be applied in another 

settings as that reader may feel is appropriate and valuable. 

3.11 Ethical considerations 

Living and working in Indigenous communities has provided me with the unfortunate 

experience of unethical behaviour from government, NGOs and at times, researchers. I have 

witnessed the rights of Indigenous people being pushed aside in the name of ‘rural 

development’, ‘improving Indigenous outcomes’, and ‘international research’. From these 

experiences I have endeavoured to maintain a strong ethical position across this present 

research. A research process often creates tension between ensuring a deep understanding 

of issues for the good of the broader community and the rights of the participants to maintain 

privacy (Orb, Eisenhauer & Wynaden, 2000). This present research established a range of 

ethical considerations (purpose, risk, confidentiality, intellectual property, etc) prior to 

conducting the research, as presented in Table 3.6. 

All research activities, locations and instruments were subject to rigorous ethical review. 

Ethics approval was granted for all stages of the data collection (Table 3.7). The applications 

for Papua New Guinea and Phases 1 and 2 in Vanuatu were approved by the Charles Sturt 

University Human Ethics Committee, approval numbers: 2013/115, 2015/029 and 2016/42 

respectively. The 2016/42 application was originally for two villages in Vanuatu, however, it 

was soon discovered that the population of these villages was too small, hence an application 

for amendment to extend the research across the island of Espiritu Santo was granted, 

approval number H16042. Ethics for Phase 4 of the research in Vanuatu was granted by the 

Charles Sturt University Faculty of Science Human Research Ethics Committee, approval 

number 400/2016/15. 
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Table 3. 6 Ethical considerations of the study 

Ethical issue/solution Explanation Research application 

Explain the purpose of 
the research and 
indicate the types of 
questions that may be 
asked. 

If a participant understands 
the purpose of the research 
and is prepared for the type 
of questions, they tend to feel 
more comfortable with the 
research process. 

Each participant was provided an 
information statement (Appendix 1) 
which was read by the research 
interpreter. 

Promises and 
reciprocity. 

Outline what the participants 
will gain. It is important to 
consider what the benefits 
are for those who participate. 

It was explained that participants 
would gain an opportunity to 
contribute to the knowledge 
repository and potentially learn new 
knowledge. 

Risk assessment Consider in what ways the 
research may put the 
participant at risk in terms of 
stress, ostracism, or 
repercussions. 

Discussions with participants, prior to 
the research, making it clear that 
being involved in the research was a 
free choice. It was explained to 
participants that they could leave the 
research at any time without any 
consequences. Participants were also 
given a choice as to be recorded or 
not. 

Confidentiality As the participant is sharing 
personal information, the 
researcher explained how 
that data will be used. 

Confidentiality was explained in the 
information statement which was read 
by the interpreter. 

Consent Obtaining consent from 
participants was essential. 

A consent form (Appendix 2) was 
verbally provided to all participants. 
Consent was then obtained verbally 
from participants due to low levels of 
English. This was recorded in an audio 
format. 

Intellectual property Ownership of the data must 
be established, as should 
access, and the way in which 
the data will be used. 

Discussions were made with land 
owners and village Chiefs/Elders 
regarding intellectual property. All 
participants agreed to the research 
method and data collection process. 

Data collection 
boundaries 

How hard will participants be 
pushed for data, particularly 
in areas where they display 
discomfort. 

It was made clear to participants that 
any information which participants 
considered sacred should not to be 
shared without consulting the village 
Chief.  

Source: Adapted from Kajornboon (n.d) and Patton (1990) 
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Table 3. 7 Ethics applications and approvals 

Committee Title of application Ethics 

Approval 

Number 

Research site Phase of the 

research 

Charles Sturt 

University 

Human Ethics 

Committee 

Indigenous knowledge 

management: a model 

for sustainable 

agriculture in PNG 

2013/115 Kukan/Kudjip 

Ownim village, 

Papua New 

Guinea 

Socialisation 

Externalisation 

Codification  

The sustainable 

agriculture learning 

framework: a model 

for incorporating 

Indigenous knowledge 

into sustainable 

agricultural 

development 

2015/029 Kukan village, 

Papua New 

Guinea 

Internalisation  

Knowledge for 

sustainable agriculture 

education among 

Indigenous farmers in 

Vanuatu 

2016/42 

 

Variation 

approval 

H16042 

Espiritu Santo, 

Vanuatu 

Socialisation 

Externalisation 

Codification 

Charles Sturt 

University 

Faculty of 

Science Human 

Research Ethics 

Committee 

Extension to 

sustainability; the 

delivery of sustainable 

agriculture through 

improved extension 

facilitation 

400/2016

/15 

Espiritu Santo, 

Vanuatu 

Internalisation 
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3.12 Chapter summary 

This chapter described the methods applied in the present research thesis. This present 

research study principally followed qualitative research methods using semi-structured 

interviews, participant observations and apprentice observations. Stemming from the fact 

that the research design is mixed-method research, quantitative research was included. Data 

from the surveys was quantitatively analysed using ordinal regression. Inclusive of all methods 

of collection, a total of 383 data sets were gathered for analysis. Limitations of the chosen 

method have been recognised and addressed by methods described. The ethical 

considerations relevant to this research have been discussed in detail. 

As a way of demonstrating that the research is valid and replicable, the Extension for 

Sustainable Agricultural Development (ESAD) approach was applied in two different contexts. 

The ESAD approach was first applied in PNG and then to the island Espiritu Santo, Vanuatu. 

The following chapter presents the findings from the application of the four phases of the 

research method, socialisation, externalisation, codification and internalisation within the 

context of Papua New Guinea and Chapter 5 for Vanuatu. 
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Chapter 4 Results and Discussion of the Extension for 

Sustainable Agricultural Development Approach in 

Papua New Guinea 

4.1 Introduction 

Chapter 4 presents the findings and analysis of data gathered from the delivery of the 

propositional approach, described earlier (Section 2.6), to the study site in Papua New Guinea 

(PNG). Chapter 4 is divided into three parts: Part A and Part B provide the results of the study, 

and Part C discusses the results along with the implications of the results to the practice of 

agricultural extension in PNG. The overall chapter structure is presented below in Figure 4.1. 

4.1 Introduction

4.5 Summary

Stated 
limitations 

(throughout 
Chapter 4)

4.2 Part A: Results and Findings of the 
Socialisation, externalisation and 
codification modes 

4.3 Part B: Results from the 
Internalisation mode

4.4 Part C: Discussion of results and 
findings

 

Figure 4. 1 Structure of Chapter 4 
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4.1.1 Extension for Sustainable Agricultural Development in Papua New Guinea 

There is a wide gap between the rapidly changing agricultural practices of Indigenous farmers 

in the highlands of Papua New Guinea (PNG) and the knowledge required to safely, effectively 

and sustainably implement more Western agricultural practices. This gap is evidenced by a 

question during the research by Participant 14 from the village of Kukan: 

“..sometimes I use Karate [pesticide] to go fishing, I pour it in the water and the 

fish die and I pick them out for eating, is this ok?” 

Such gaps in understanding are not necessarily the fault of the extension officers using the 

training curriculum, but of the andragogical philosophies which extension officers apply. 

Current methods of agricultural knowledge transfer between extension officers and 

Indigenous farmers in PNG are through instructionism. Instructionism is the foundational 

teaching practice which underpins the ‘transfer of technology’ movement, a widely used 

approach through which extension officers transmit scientific technologies to farmers. The 

transfer of technology approach replaces the emotive relationship between education and 

society with an overt concern for education which is focused on economic thinking (Odara-

Hoppers, 2001). Whilst the transfer of technology approach has helped in spreading the 

principles and practice of industrial agriculture, one may question its capacity to help resolve 

environmental problems that have resulted from the intensive launch of the ‘green 

revolution’ across the world (Röling & Wagemakers, 1998). While literature broadly 

recognises the value that Indigenous knowledge can bring to sustainability (e.g. Afreen, 2007; 

Barrios & Trejo, 2003; Cullen-Unsworth et al, 2012; Kola-Olusanya, 2012), this has not always 

been taken up by extension programs. Furthermore, a greater emphasis on understanding, 

recording and documenting Indigenous knowledge for agricultural extension is needed before 

it disappears and its value lost. The ESAD approach incorporated both of these elements, 

which are currently missing from current extension programs. 

In business, organisations use knowledge management systems to realise the value of their 

knowledge assets by creating, capturing and understanding the expertise of employees 

(Bollinger & Smith, 2001). To utilise knowledge management processes to further understand 

Indigenous knowledge, the contradistinctions between knowledge management and 

Indigenous knowledge needs to be recognised. In the former case, knowledge management 



126 
 

 
 

employs technical and systematic processes, viewing knowledge as a product that can be 

digitised and transmitted (Bode, 2007), seldom considering the specific context (Thompson & 

Walsham, 2004), while in the latter case, Indigenous knowledge is deeply embedded in the 

society in which it has evolved (Barrera-Bassols & Zinck, 2003), and expressed in the form of 

songs, stories, beliefs, rituals and community law (Rao, 2006). The ESAD approach reduces 

the disparity between Indigenous knowledge and knowledge management by recognising and 

valuing the implicit nature of Indigenous knowledge and its cultural context, allowing research 

to explore and understand Indigenous knowledge as more than simply a product.  

By examining the evidence found in the data collected for this study as more than an 

organisational product, this chapter aims to seek a response to four of the research sub-

questions, which stem from the main research question (Section 1.2), as applied to the PNG 

study. The four research sub-questions are: 

1. Will a knowledge management model provide an appropriate platform to 

understand and construct a repository of Indigenous knowledge and enhance the 

sharing of this knowledge? 

2. How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture, including from different villages? 

3. How can sustainable agricultural learning among Indigenous farmers of Papua New 

Guinea be enhanced and what educational philosophies will enhance learning? 

4. Will an alternative extension approach enhance the implementation of sustainable 

practices and how is this enhancement best measured? 

4.1.2 Research context and problem 

Agriculture, rather farming practice, in Papua New Guinea (PNG) dates back almost 10,000 

years (Bourke, 2009b) and although agriculture in PNG contributes minimally to the GDP 

(Omot, 2011), it remains the backbone of the nation, providing 83% of the food energy 

(Bourke, 2009a). The highlands region of PNG significantly contribute to PNG’s food bowl, 

claiming an estimated 20% of PNG’s cultivated land, most of which is under a high land use 

pattern (Allen and Bourke, 2009). 
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Traditional agricultural practices of PNG farmers are being heavily influenced by external and 

internal factors (Sowei, 2000), such as the devaluation of Papua New Guinea’s currency, viz., 

the Kina (PGK) against the US dollar, an increase in population with a resultant intensification 

of land use (Omot, 2011), and an ever-increasing demand for European cash crops. Such 

influences have the potential to negatively impact on the natural resources and as such, it is 

imperative that sustainable agricultural education, through extension agencies, becomes a 

priority of current and future PNG governments.  

Agricultural extension officers in Papua New Guinea (PNG) are attached to specific research 

organisations who are designed to promote transfer of technology rather than supporting 

innovation and who are dependent on public funding (Komolong et al. 2012). A declining 

budget and 35 years of research and extension reform have resulted in a fragmented and 

under-resourced national extension program which has had limited impact in improving 

productivity and income of smallholder Indigenous farmers (Komolong et al. 2012).  

Extension services in PNG are “in disarray, poorly resourced and lack leadership and direction” 

(Sitapai, 2012, p. 14), and the current lack of effectiveness of extension services have resulted 

in low adoption and engagement by farmers in extension programs (Komolong et al. 2012). 

As detailed in the methods section of this thesis (Chapter 3), the field work for this study was 

divided into two sets. The first set of field work included the socialisation, externalisation and 

codification phases and the second set of field work was the internalisation phase, as seen in 

Figure 4.2. For clarity and readability this section will be divided, correlating with the details 

of field work. Firstly the results and findings from the socialisation, externalisation and 

codification phases are presented in Part A. Following this will be results of the internalisation 

phase, Part B. Finally, the discussion and findings are presented and will draw from the results 

of the two sets of field work, Part C. 
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Chapter 4 Part A 
Set 1 of the Field work (undertaken in 2014)

i. Socialisation: Communities of Practice
ii. Externalisation: Semi-structured Interviews and Observations
iii. Codification: Thematic Analysis

Chapter 4 Part B 
Set 2 of the Field work (undertaken in 2015)

i. Internalisation: Sustainable Agriculture Learning Framework

 

Figure 4. 2 The two sets of field work in Papua New Guinea, 2014 & 2015. 

Part A: Results from the Socialisation, Externalisation 

and Codification Modes of the ESAD 

4.2.1 Method review and study site 

Indigenous farmers who participated in the research were from the Kukan and Kudgip Ownim 

villages, approximately 40 km south east of Mt Hagen, in the Western highlands province of 

Papua New Guinea (Figure 4.3).  The study used purposive sampling of Indigenous farmers 

(n=28). As outlined in the methods chapter (Chapter 3), the field work incorporated semi-

structured interviews, communities of practice, participant observations and apprentice 

observations. Interviews with extension officers from the Fresh Produce Development Agency 

were also undertaken (n=2). All farmer interviews were conducted with an interpreter, 

however, this was not required for the interviews with the extension officers. Data analysis 

used the software package Microsoft Excel©. All participants were de-identified and provided 

with an anonymous study ID (for example Participant 1, Participant 2), and catalogued and 

maintained separately. 
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Figure 4. 3 Map showing the location of Mt Hagen, in Papua New Guinea. 

Source: http://asopa.typepad.com 

4.2.2 Indigenous farmer profile  

The mean age of the participants, small holding farmers, was 43. Of those participants, 93% 

had a farm size <5 acres and the remaining 7% had a farm size >50 acres (Appendix 4, Table 

1). Although land holders refer to themselves as farmers, the land on which they work is 

known as a ‘garden’, a term stemming from the colonial period as the farms were generally 

small and high yielding, similar to European vegetable gardens. 

Although education is highly regarded, 54% of participants had no formal education and only 

14% had attended primary school and 10% secondary school, with only one participant 

obtaining a formal (Diploma) qualification (Appendix 4, Table 5). Such low levels of formal 

education stemmed from several reasons, although primarily it was due to long distances to 

schools and the need to stay at home and help the family maintain and harvest the garden.  

Participants were primarily taught how to farm by their family (78.6%) which was most often 

practically demonstrated to them (57.7%). Participants (33.4%) had received farming advice 

from other experienced farmers, only 12.5% had ever received advice from an extension 

officer (Table 4.1). 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi-xsHuqaDaAhURNpQKHVpUAvsQjRx6BAgAEAU&url=http://asopa.typepad.com/asopa_people/2015/03/the-hagen-country-club.html&psig=AOvVaw22OB7sEZ0VSpSEkCHEffTn&ust=1522920838722680
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4.2.3 Results and findings from the socialisation, externalisation and codification 

modes 

This section of the chapter presents the results and findings from the field work which applied 

the first three phases of the ESAD approach, being socialisation, externalisation and 

codification, as explored within the context of PNG. The results and findings within this 

section are presented in two parts. The first part explores the application of the ESAD in 

understanding Indigenous knowledge along with variations of Indigenous knowledge 

between villages. To do this, examples of codified Indigenous knowledge are presented. The 

examples of codified Indigenous knowledge fall into four themes: soil, crops, pests and 

culture. The second part of this section identifies some of the cultural implications of the shift 

by farmers from traditional crops to cash crops. Full results relevant to this section of the 

chapter are presented in tables in Appendix 4. 

4.2.3.1 Agricultural Indigenous knowledge 

Indigenous agricultural knowledge in the PNG study sites was mostly (78.6%) learnt from 

immediate family members, as shown in Table 4.1 To ensure that this knowledge, and any 

new knowledge continues to exist, 95.5% of participants’ will seek to pass their knowledge to 

their children, Table 4.2. The preferred learning modes of participants were visual (42.9%) 

and kinaesthetic (28.6%), as shown in Table 4.3.  

Table 4.1 Source of participant Indigenous agricultural knowledge 

Papua New Guinea 

Coded response Code Frequency Percent 

Family 1 22 78.6 

College 2 1 3.6 

Extension agent 3 2 7.1 

Self taught 4 3 10.7 

Total   28 100 
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Table 4.2 Those who participants’ will pass on their Indigenous agricultural knowledge to 

Papua New Guinea 

Coded response Code Frequency Percent 

Teaching Children 1 21 95.5 

Is not passed on 2 1 4.5 

 Total   22 100 

 

Table 4.3 Preferred learning modes of participants 

Papua New Guinea 

Coded response Code Frequency Percent 

Visual 1 12 42.9 

Kinaesthetic 2 8 28.6 

Reading 3 5 17.9 

Writing 4 3 10.7 

Listening 5 0  0.0 

 Total   28 100 

 

This section of the chapter provides examples of Indigenous agricultural knowledge of soil, 

crops, pests and culture. 

Soil 

The Indigenous farmers from Kukan village and Kudgip Ownim village who participated in the 

semi-structured interview were able to identify and name soils horizons: 81.25% were able to 

describe more than two soil horizons and 18.75% were able to describe four or more soil 

horizons (Table 4.4). The soil horizons identified by farmers aligned with scientific soil 

horizons as shown in Table 4.5. Participants were also proficient in describing the soil in terms 

of its colour, texture and structure. This supports past research which suggests that there is a 

significant correspondence between Indigenous knowledge of soils and scientific 

understanding (Saito et al., 2006). 

Whilst the results shown in Table 4.5 suggest that Indigenous farmers who participated in the 

study had a similar classification of soil horizons as Western science, soil was also viewed 

holistically and 47% of study participants referred to the soil as ‘mother’, Table 4.6. This term 

stems from the concept that, like a mother feeds and nourishes an infant, the soil feeds and 

nourishes farmers, their families and the surrounding villages.  
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Table 4.4 Soil types which could be identified by highland farmers 

Papua New Guinea 

Coded response Code Frequency Percent 

Four soil types 1 3 18.75 

Three soil types 2 6 37.50 

Two soil types 3 4 25.00 

One soil type 4 3 18.75 

   Total 16 100.00 

 

Table 4. 5 Soil horizons as recognised by highland farmers compared with Western 

classification of soil layers 

Horizon according to PNG 

highland farmers 

Horizon according to the Australian Soil classification 

(based on Isbell, 2002) 

Garden soil A1 Horizon: generally referred to as topsoil. It has an 

accumulation of organic matter, high levels of biological 

activity and a dark colour 

Carranus soil A2: Lower in organic material, poorer structure and more 

dense than A1. 

Makbung soil B Horizon: Usually finer in texture (more clayey) denser 

and has a strong colour. 

 

Table 4.6 Term given to the soil 

Papua New Guinea 

Coded response Code Frequency Percent 

Mother 1 11 47.8 

Survival 2 12 52.2 

 Total   23 100 

Indigenous knowledge of soil management techniques was apparent across both villages 

(Kukan and Kudgip Ownim). As an example, the tacit knowledge of soil hydrology was 

evidenced by the drainage systems used in many of the gardens: Figures 4.4 and 4.5. Whilst 

the depth and width of the drainage systems used were often similar, the drainage system 

design varied in different garden slopes and soil types.  
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Figure 4. 4 Example of a drainage system design in sloping garden, Kukan Village, PNG 

 

Figure 4. 5 Tacit knowledge as expressed in another type of drainage system. The author 

can be seen undertaking an apprentice observations, Kukan village garden, Papua New 

Guinea. 
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Agricultural extension around sustainable soil management is needed, since 71.5% of 

participants stated that they had noticed lowering yields and/or declining soil fertility over 

the past 10 years (Table 4.7). Of the participants, 68% felt this stemmed from climate change. 

While temperatures have increased at an average rate of 0.11oC since 1950, there are no clear 

trends in changed rainfall patterns (Pacific Climate Change Science Program, 2011) and no 

evidence linking climate change to soil fertility or lowering yields in the highlands of Papua 

New Guinea. Whilst an extension program should provide farmers with a clear understanding 

of climate change implications as climate models do predict that, for example, seasonal 

patterns of coffee will be disturbed (Pacific Climate Change Science Program, 2011), extension 

needs a more immediate focus on soil management practices which promote soil fertility for 

both traditional and European crops.   

Table 4.7 Changed patterns as observed by participants over the last 10 years (to 2013) 

Papua New Guinea 

Coded response Code Frequency Percent 

Yield decrease 1 8 36.4 

Decrease in soil fertility level 2 8 36.4 

‘Yes’ 3 6 27.2 

 Total   22 100 

 

Importantly for extension agencies, results from the semi-structured interview reasserted the 

notion that Indigenous knowledge was dynamic. When participants were asked what they 

had learnt through their own experience and experimentation, 19 participants replied with 

responses ranging from soil nutrition to market access, as quantified in Table 4.8. 

Table 4.8 Practices farmers had learnt through their own experience and experimentation  

Papua New Guinea 

Coded response Code Frequency Percent 

Soil nutrition 1 2 10.5 

Careful maintenance 2 3 15.8 

Increasing yield 3 3 15.8 

Diversity of crops 4 2 10.5 

Markets 5 8 42.1 

Chemical input 6 1 5.3 

 Total   19 100 
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Results from the semi-structured interview show that farmers had identified methods of soil 

preparation prior to sowing a crop. For example Table 4.9 shows that 43% of farmers were 

applying animal manure to their soils, whilst 28% were adding compost. The application of 

composting to which farmers referred to here, was the placing of twigs and branches on 

garden beds in order to slow erosion. When composting was demonstrated to participants, it 

was noted that this was not a familiar technique, in fact as Participant 25 noted, ‘this [the use 

of composting] has never been a common practice here’. Table 4.9 shows that only 9.3% of 

farmers were applying chemical fertilisers prior to sowing. 

Table 4.9 Soil additives prior to sowing 

Papua New Guinea 

Coded response Code Frequency Percent 

Manure 1 14 43.75 

Ash 2 4 12.5 

Compost 3 9 28.12 

Chemical input 4 3 9.37 

Nothing 5 2 6.25 

 Total   32 100 

 

Cropping 

The year-round staple crops grown by participants were primarily kaukau (41%) and banana 

25%, with a range of other year-round crops grown including capsicum, corn and sugar cane, 

as shown in Table 4.10. The evidence at the local markets showed a shift to cash cropping 

(see for example Figure 4.16) and 47.7% of participants indicated that training for improving 

cash crop yield was a training priority (Table 4.11). Whilst participants continued to grow a 

range of traditional crops in their garden, as listed in Table 4.12, 67.7% of participants’ also 

purchased surplus food from town stores (Table 4.13). 
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Table 4.10 Crops grown year round  

Papua New Guinea 

Coded response Code Frequency Percent 

Kaukau 1 21 41.18 

Banana 2 13 25.49 

Greens 3 3 5.88 

Capsicum 4 3 5.88 

Corn 5 3 5.88 

Sugar cane 6 3 5.88 

Coffee 7 1 1.96 

Peanut 8 3 5.88 

Cucumber 9 1 1.96 

 Total   51 100.00 

 

Table 4.11 Priorities for future training programs as identified by participants’  

Papua New Guinea 

Coded response Code Frequency Percent 

Any aspects relevant 1 2 9.5 

Chemical application 2 3 14.3 

Cash crops 3 10 47.7 

Soil Fertility 4 1 4.8 

Plant care and maintenance 5 5 23.7 

 Total   21 100 

Table 4.12 Traditional crops 

Papua New Guinea 

Identification of Native crops  Code Frequency Percent 

Pitpit 1 4 6.25 

Red pandanus 2 8 12.50 

Banana 3 17 26.56 

Wing bean 4 2 3.13 

Sugar cane 5 15 23.44 

kaukau 6 14 21.88 

Taro 7 4 6.25 

 Total   64 100.00 
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Table 4.13 Locations participants’ sourced supplementary food 

Vanuatu 

Coded response Code Frequency Percent 

Town stores 1 21 67.7 

Cooperative 2 4 12.9 

Market 3 6 19.4 

 Total   31 100 

The planting schedule differed significantly between both villages, for example, of the 

participants from Kukan village, 92% of farmers based planting activities around the calendar 

year, whilst 72% of participants from the Kudjip Ownim village based planting activities on 

the position of the sun against the peaks of the mountains during sunrise (Table 4.14). There 

was one particular mountain peak that could be seen by Kudjip Ownim villagers and it was 

stated (Participants 15, 18, 19, 20 and 22) that when the sun rose over this peak they would 

begin to plant the kaukau (Ipomoea batatas), the major staple food item of the highlands. 

This example further demonstrates that Indigenous knowledge is reliant on a holistic 

understanding of one’s context. An extension program which can incorporate variances in the 

natural and social setting of individual villages will provide deeper learning, as opposed to the 

passive receiving of information from an instructionist transfer of technology program 

(Turcsanyi-Szabo, 1998). 

Table 4.14 Determinants for sowing 

Papua New Guinea 

Coded response Code Frequency Percent 

Planting determined by months 1 13* 65.00 

Planting determined by weather 2 1 5.00 

Planting determined by the sun 3 5# 25.00 

Planting determined by animals 4 1 5.00 

 Total   20 100.00 

*92% = of Kukan Village 
#Kudjip Ownim Village 

Irrigation of crops was a labour intensive process for most farmers - with no access to pumps, 

90% of participants irrigated by buckets. Participant 14 described that he rose at 5:00am to 

water the garden by hand, a process which took him 2 hours, and he would spend a further 2 

hours watering at the end of the day. Watering of the seedlings required Participant 14  to 
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take a large mouthful of water from the bucket and spray the seedlings from his mouth so as 

to minimise disturbing the soil (Figure 4.6) One participant was running irrigation pipes from 

a small creek to his garden beds (Appendix 4, Table 51). 

 

Figure 4.6 Farmer demonstrating watering of the seedlings in Kukan village, Papua New 

Guinea. 

Some planting of tree species for fallow was noted, particularly Casuarina oligodon 

(Indigenous to the highlands), however, the practice is decreasing as fallow times decrease, 

and this is resulting in fallow being primarily comprised of grasses. Trees and shrubs are an 

important part of the fallow process as they impede the spread of weeds, their leaf litter 

enrich the soil and conserve moisture and, once harvested at the end of the fallow, the roots 

remain in the soil and gradually decompose and realease additional nutrient to the crop (Nair, 

1993), highlighting long term implications of farming practices which relying on grass fallows. 

Crop-sowing practices also varied between villages. Farmers in the Kukan village primarily 

planted the kaukau in straight beds. Farmers in the Kudgip Ownim village incorporated several 
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planting strategies for kaukau dependant on what they wanted to do with the kaukau, as 

participant 12 explained: 

The large mounds [compost-containing soil mounds29] are used to make the 

kaukau large, we sell at the market for a high prices, and the long beds make them 

[the kaukau] smaller but more, this is for the pigs and to sell at the market for 

people to buy to feed their pigs, these smaller ones are at a lower price. 

The compost-containing soil mounds can be seen in Figure 4.7. Practices such as this 

have been passed through generations, as explained by participant 026: 

we have been doing this for generations, our ancestors taught us this, we use only 

soft grass, we call it pitpit, we also use kunai grass [to fill the compost mounds] 

...we do shifting cultivation, we leave the mounds in and move on to a new area. 

The varying practices between villages reinforce the need for agricultural extension to be 

contextual. Extension approaches must also allow for varying practices within a village as, for 

example, a farmer who has his garden on a slope will have different practices to a farmer 

whose garden is on the floor of the valley. 

During the field research, farmers had mentioned that they had received ‘secret knowledge’ 

from their fathers or grandfathers. Whilst 45.5% of participants did not want to discuss this 

‘secret knowledge’, other participants described that they had received this knowledge in the 

use of chemical inputs (18%), crop care (13.6%), and integrating inputs (13.6%), shown in 

Table 4.15, but did not want to specify the ‘secret knowledge’. Extension programs aiming to 

improve the sharing of knowledge between farmers will need to understand that for 

Indigenous farmers in Kukan village and Kudgip Ownim village, knowledge sharing is often 

only shared within a family group and ‘secret knowledge’ will be difficult to access by those 

outside the family group.   

 

                                                      
29 For more information on composting soil mounds see Tarakan and Ratsch (2009) 
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Figure 4.7 Compost-containing soil mounds 

Table 4.15 Indigenous farmer secret knowledge 

Papua New Guinea 

Coded response Code Frequency Percent 

Chemical inputs 1 4 18.2 

Integrating inputs 2 3 13.6 

Natural inputs 3 2 9.1 

Crop care 4 3 13.6 

Did not share 5 10 45.5 

 Total   22 100 

Pest Management 

When participants from both villages were asked about crop failures from pests, 93% 

responded that they had lost at least one cash crop in the past 10 years, where only 7% had 

lost a traditional crop. Participant observations identified the prevalent use of agricultural 

chemicals for pest management for European cash crops, but little or no use of agricultural 

chemicals for traditional crops. The minimial application of pesticides for traditional crops 

may be linked to the adoption Indigenous practices. Through these observations, it was clear 

that there was a lack of understanding of agricultural chemicals and the associated human-

health issues. During participant observations, farmers were seen applying chemicals dressed 

only in shorts and with bare feet, whilst their children played with the empty drums of 
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chemicals. Indigenous farmers hold a wealth of Indigenous knowledge regarding Indigenous 

methods of pest management, including diagnostics, cultural controls and companion 

planting, as was evidenced across gardens of traditional crops. Agricultural extension needs 

to play a more pivotal role in promoting traditional pest management knowledge for pest 

management. Although transfer of technology practices would provide an understanding of 

chemical concentration, application and safety, it does not allow for a flexible, holistic system 

which integrates Indigenous agricultural knowledge, as the ESAD approach sought to do. 

Spirits and ceremonies 

Cultural ties to the land, family and spirits are vital to the farmers of the PNG highlands. It is 

the intent of the following examples to not only demonstrate the connection between 

farmers and their culture but also to highlight the fact that a reductionist transfer of 

technology method of extension fails to recognise the value of a holistic approach to 

agriculture, as was demonstrated by the Indigenous farmers in PNG. 

Most highland farmers strongly believe in “spirits” that regulate social and ecological activities 

(Mascia-Lees, 2011; Sillitoe, 1993). Spirits are often believed to regulate social and ecological 

activities. Of those who participated in this study, 14% would not allow themselves to have 

sex with females before entering the garden as they feared this may bring on the wrath of 

spirits which spoil the crops. Other participants, 11%, said that menstruating women were 

not permitted to enter the garden for the same reason. 

Spirits also guide traditional celebrations such as harvest ceremonies (Appendix 6, Dataset 

38), as participant 019 explains: 

Many years ago we have a place called Kumbruk, this place produces people – all 

the people they came from this place. It looks like big trees and a swamp, it is a 

forbidden area. Our belief is that [after harvest] we must sacrifice pigs; the men go 

to Kumbruk and kill the pigs for their blood. Only the men go to this place, when 

they come back they have big power and strength. 

Many families have shifted cultural requirements of harvest ceremonies to a simple feast to 

thank the spirits for their harvest, however, 51% still require a major offering, namely a pig 
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for the feast. The pig has traditionally been, and continues to be, a significant part of the 

highlands culture, but raising pigs comes at a cost explains participant 019: 

The pigs are a lot of work, we feed them a lot of our kaukau, but they are 

important, it is like having a bank account, it is our security. 

In the quote above, the reference by participant 19 to a bank account relates to the fact that 

farmers use pigs as a form of currency: they will trade or sell the pigs they have grown. Pigs 

also have other important socio-cultural significance within the highlands. Pigs are used to 

resolve clan or social disputes, maintain social status, or pay dowry for brides. The number of 

pigs used in any of these agreements varies significantly and includes a broad range of factors. 

Participant 014 provides an example: 

How much dowry depends on if that family can pay enough, my family gave 15 

pigs to my wife’s parents, her parents gave some to their sons and then gave some 

back to us. 

These examples provide a small insight into both the synchronic and diachronic nature of PNG 

highlands culture. Whilst transfer of technology methods may incorporate some synchronic 

aspects of culture such as using local dialects, it has limited capacity to integrate the 

diachronic components, for example an understanding of the connection between spirits and 

agricultural practices. Such disconnect from culture impacts learning as learning must be 

contextual (Falk, 2005), and context requires an understanding of culture (Cobern, 1993). 

4.2.3.2 Cultural shifts from cash crops  

The cultural shift to cash and cash crops was generally recognised by farmers as the way 

forward to a strong future, a future described by participant 007 as: 

We have dreams that after 20 year we want to be living in some kind of permanent 

houses rather than the bush house, having some good water supply system, 

electricity, nice sealed road, some kind of life like this – and a private vehicle. 
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In fact, according to Participant 14, purchasing packaged food demonstrates the farmer’s 

wealth to others, eating only traditional food crops was associated with being poor and a 

‘lazy’ farmer.  

The shift from the cultivation of native varieties of plants toward cash crops and the uptake 

of Western practices diminishes the need for Indigenous knowledge, as such, it is being 

devalued and, in some cases, lost entirely (Dweba & Mearns, 2011; The Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem Services, 2018). As an example of this, 

farmers who continue to practice Indigenous knowledge are referred to by other farmers as 

a kanaka, a derogatory term meaning one who follows the traditional rather than modern 

way. Shifting such strong perspectives of Indigenous knowledge will be a significant challenge 

to future extension officers and key to this will be to demonstrate the value of Indigenous 

knowledge. 

The shift toward more cash crops is also impacting the way harvest is undertaken. Families 

have traditionally worked together during harvest, however, since the introduction of cash 

crops there has been a shift in employment agreements. During harvest, 96% of those who 

participated in this study employed family members to assist with the work; of those 

employed, 43% were paid through foodstuffs, 36% were paid wages and 22% volunteered to 

assist (providing the offer was returned). This shift in employment agreements may have 

implications for extension officers, including an expectation from some communities that 

monetary wages should be paid for assistance with development projects. To minimise the 

request for wages, extension projects will need to demonstrate to participants that the 

remuneration will be farmer-centric learning and access low-cost and local solutions to 

agricultural issues, which is what the ESAD approach sought to provide.   
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Part B: Results from the Internalisation mode of the 

ESAD in the highlands of PNG 

The second phase of the PNG study involved field work which applied the internalisation 

mode of the ESAD approach. The internalisation mode involves the embodying of explicit 

knowledge into tacit knowledge, where knowledge is collaboratively developed and applied, 

thus becoming an asset to the village. The literature review of Chapter 2 assessed various 

approaches of agricultural extension highlighting the limitations of each, and concluding that 

current approaches are based on Western science and fail to value Indigenous knowledge and 

culture. The proposition in Section 2.6 suggested that the Sustainable Agriculture Learning 

Framework (SALF) model may act as a vehicle for the integration of Indigenous knowledge 

and science for sustainable agricultural extension. The SALF model offers an integrated 

response which is directed by farmers and facilitated by an agricultural extension officer.  

 Following are the results from of this second phase of the PNG study. 

4.3.1 Method and study site 

The study area was 40 km south-east of Mt Hagen in the Western highlands province of 

Jiwaka, Papua New Guinea. Agriculture is the main stay of the Jiwaka economy and the region 

is comprised predominantly of small holder farmers. The PNG highlands range from the 1,200-

2,800 m altitude zone and have an annual rainfall of between 1,800 and 5,000 mm (Bourke 

2009a).  Major crops include yam, sweet potato, cassava, taro, banana and capsicum. 

As described in detail in Chapter 3, a purposive sampling technique was used to select 

participants. Selection was based on the participants’ primary source of income being from 

agriculture and that they were Papuan Nationals. The Jiwaka region was purposively selected 

for its high-level land use intensity as noted by Allen and Bourke (2009). Qualitative data was 

recorded through semi-structured interviews, notes, photos, video and audio recordings. 

Quantitative data was collected through closed question surveys (Appendix 3). The research 

instruments were not designed as standardised tests to give means and standard deviations, 

rather to compare attitudes, beliefs and behaviours before the SALF (pre-SALF) and then at 

the completion of the SALF (post-SALF). It is the comparison of responses (Appendix 11) which 

this study analysed in an attempt to identify mechanisms of the SALF which lead to changed 
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attitudes, values and behaviours. The survey results were analysed through ordinal 

regression. 

Facilitation of the SALF ran over a two-week period with n=48 participants involved. The 

gender mix of the workshops included n=10 female and n=38 males. The topics for the SALF 

were established in consultation with the participants and included sustainable soil 

management, safe farm practices, food plant nutrition, community health, and basic financial 

and farm planning.  

A follow up semi-structured interview was undertaken six months after the SALF with the 

purpose of identifying medium term changed practices (Appendix 3). The follow up interview 

comprised of six open-ended questions designed to determine if participants of the SALF had 

implemented new or changed practices as a result of participation in the SALF (Appendix 3). 

Of the n=48 participants involved in the SALF, n=33 were included in the follow up interview. 

The n=15 participants who were not surveyed were unavailable due to various reasons 

including participating in cultural ceremonies and visiting family in another region of PNG.  

4.3.2 Results 

4.3.2.1 Survey results 

This section of the chapter provides the results from the survey data collected during the 

second phase of the PNG study (Appendix 11).  The survey comprised of 13 questions and the 

responses to each question are presented in associated tables below. The language used in 

the survey questions was specifically designed to enable participant accessibility and easier 

translation and interpretation by the translator (see Section 3.7.2). 

The responses to the survey questions (Q1, Q2, Q4, Q5, Q7 & Q13) were ordinal in nature 

(categorical with clear ordering of the values). Ordinal regression was used to determine if 

there was a statistically significant difference in the pre- and post- SALF responses (Appendix 

11). The response to Question 6 of the survey was binomial (Yes/No), thus a single predictor 

logistic model with a binomial distribution and logit link function was used to analyse the 

results (Sheather, 2009). Questions (Q8, Q9) were ordinal but in the post survey questions all 

respondents answered ‘very important’, so there is no variability associated with the post 

survey questions, and as a result a Fisher’s Exact test for independence was carried out to 
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determine if the results were independent or not. Questions (Q3, Q10, Q11, Q12) allowed for 

multiple responses to be selected. These questions were split up according to their responses 

and a binomial variable was created: 1= if selected and 0= not selected. As per question 6, 

single predictor logistic model with a binomial distribution and a logit link function was used 

to analyse the results. Analysis for all survey results was carried out in R (R Development Core 

Team, 2010). 

Question 1 of the survey sought to determine if participants thought about and/or planned 

for the long term management of their garden soils. Question 1 at the second time-point 

(post-SALF) then determined if there was a significant change in participant attitude to soil 

management in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 4.16 to be 22, which was within the valid range, and resulted in a P value of 0.032.  Thus, 

the improvement in participants understanding of the importance of soil was statistically 

significant and suggests the SALF intervention was involved in assisting this shift. 

Table 4.16 Results from survey question 1  

Survey Questions Response 
number 

Response 
options 

Pre-SALF 
response 

Post SALF 
response  

Q1. How often do you think 
about the future of your 
soil? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

No response 

25.0% 
33.3% 
20.8% 
8.3% 
4.1% 
8.3% 

39.1% 
60.9% 
0.0% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 
4 5 

SurveyPre 

-0.20 
2.24 
3.44 
4.61 
1.31 

0.39 
0.54 
0.73 
1.10 
0.61 

-0.51 
4.13 
4.70 
4.19 
2.14 

0.61 
0.00 
0.00 
0.00 
0.03 

p-value 0.032 

 

 



147 
 

 
 

Question 2 of the survey sought to determine if participants thought about and/or planned 

for the long term management of the local waterways. Question 2 at the second time-point 

(post-SALF) then determined if there was a significant change in participant attitude toward 

river management in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 4.17 to be 29, which was within the valid range, and resulted in a P value of 0.054.  Thus, 

the improvement in participants’ understanding of the importance of rivers was not 

statistically significant (>0.05), however, the data presented in Table 4.17 shows the SALF 

program intervention resulted some shifts in attitudes. 

Table 4.17 Results from survey question 2  

Survey Questions Response 
number 

Response 
options 

Pre-SALF 
response rate 

Post SALF 
response rate 

Q2. How often do you think 
about the future of your 

rivers? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

No response 

16.4% 
4.2% 

33.3% 
12.8% 
16.7% 
4.2% 

30.4% 
26.1% 
13.0% 
30.4% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 
4 5 

SurveyPre 

-0.72 
0.05 
1.09 
2.96 
1.05 

0.41 
0.40 
0.43 
0.63 
0.55 

-1.76 
0.12 
2.53 
4.73 
1.93 

0.08 
0.90 
0.01 
0.00 
0.05 

p-value 0.054 

Survey question 3 sought to determine if participants were aware of the broad impacts of 

consistent pesticide application. Question 3 at the second time-point (post-SALF) then 

determined if there was a significant change in participant attitudes to pesticide impacts in 

response to participation in the SALF program. In order to determine data bias and 

inconsistencies, data analysis of heterogeneity of variance was undertaken. Analysis of survey 

question 3 data found there was no evidence of over-dispersion in this model, with the 

variance heterogeneity factor = 0.7. Analysis of the data, presented in Table 4.18, did not 

demonstrate statistical significance that the SALF program shifted participant perceptions of 

the impacts of pesticide, p-value = 0.395.  
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Table 4.18 Results from survey question 3 

Survey 
Question 

Response Pre SALF 
response 
(n=24) 

Post SALF 
response 
(n=41) 

 Df Deviance Resid. 
Df 

Resid. 
Dev 

Pr(>Chi) 

Q3. 
Choose 
one of 
more 
areas of 
your farm 
which 
pesticides 
can harm? 

 

Family 0.0% 24.4% NULL   45 50.61  

Survey 1 18.77 44 31.84 0.0000 

Soil 12.5% 12.2% NULL   46 42.89  

Survey 1 0.72 45 42.17 0.3978 

Fish 8.3% 14.6% NULL   46 39.56  

Survey 1 4.84 45 34.72 0.0277 

Birds 4.2% 17.1% NULL   46 39.56  

Survey 1 11.29 45 28.27 0.0008 

Other 
Animals 

12.5% 12.2% NULL   46 42.89  

Survey 1 0.72 45 42.17 0.3978 

Crops 41.7% 14.6% NULL   46 61.51  

Survey 1 0.64 45 60.87 0.4221 

Water 20.8% 4.9% NULL   46 39.56  

Survey 1 1.41 45 38.15 0.2355 

 

Survey question 4 sought to determine if the views of participants regarding Indigenous 

knowledge shifted, specifically if participants’ had become more aware of the value of 

Indigenous knowledge. Question 4 at the second time-point (post-SALF) then determined if 

there was a significant change in participant attitude to Indigenous knowledge in response to 

participation in the SALF program. Using R software suite (R Development Core Team, 2010), 

the condition Hessian value was calculated from the data in Table 4.19 to be 36, which was 

within the valid range, and resulted in a P value of 0.018.  Thus, the improvement in 

participants understanding of the importance of indigneous knowledge was statistically 

significant and suggests the SALF program was involved in assisting this shift. 

Survey question 5 sought to determine the value participants’ placed on Western 

agricultural science in comparison to Indigenous knowledge. Question 5 at the second time-

point (post-SALF) then determined if there was a significant change in participant attitude to 

Western science in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 4.20 to be 25, which was within the valid range, and resulted in a P value of 0.482.  

Thus, the shift in participant attitude regarding the value of Western science was not 

statistically significant. 
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Table 4.19 Results from survey question 4  

Survey Questions Response number Response 
options 

Pre-SALF 
response rate 

Post SALF 
response rate 

Q4. Are Kanaka [Indigenous] 
ways good for farming? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

Non response 

33.3% 
8.3% 

41.7% 
8.3% 
4.2% 
4.1% 

47.8% 
43.5% 
8.7% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 
4 5 

SurveyPre 

0.18 
1.38 
3.53 
4.70 
1.37 

0.38 
0.44 
0.72 
1.09 
0.58 

0.48 
3.16 
4.88 
4.30 
2.37 

0.63 
0.00 
0.00 
0.00 
0.02 

p-value 0.018 

 

Table 4.20 Results from survey question 5  

Survey Questions Response number Response 
options 

Pre-SALF 
response rate  

Post SALF 
response rate  

Q5. Is Western science the 
only way to improve farming? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

No response 

66.7% 
8.3% 

16.7% 
4.2% 
0.0% 
4.2% 

52.2% 
34.8% 
13% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 

SurveyPre 

0.26 
1.39 
3.62 
-0.42 

0.40 
0.45 
1.04 
0.60 

0.65 
3.05 
3.48 
-0.70 

0.51 
0.00 
0.00 
0.48 

p-value 0.482 

Survey question 6 sought to determine if participants considered that current practices were 

adequate to meet agricultural outcomes. Question 6 at the second time-point (post-SALF) 

then determined if there was a significant change in participant attitude to current practices 

in response to participation in the SALF program. Analysis of survey question 6 data found 

there was no evidence of over-dispersion in this model, with the variance heterogeneity 

factor = 0.2. Analysis of the data, presented in Table 4.21, did not demonstrate statistical 

significance that the SALF program shifted participant perceptions of current practices, with 

p-value = 0.235.  
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Table 4.21 Results from survey question 6  

Survey Question  Df Deviance Resid. Df Resid. Dev Pr(>Chi) 

Q6. Do you think farmers 
need to change the way 
they do things? 

NULL 
Survey 

 
1 

 
1.41 

45 
44 

9.64 
8.23 

 
0.2353 

Survey question 7 sought to assess if participants felt that their farming practices could make 

an impact on community health and nutrition. Question 7 at the second time-point (post-

SALF) then determined if there was a significant change in participant attitude to community 

health in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 4.22 to be 11, which was within the valid range, and resulted in a P value of 0.007.  Thus, 

the improvement in participants’ perception of their role in community health and nutrition 

was statistically significant and suggests the SALF intervention was involved in assisting this 

shift. 

Table 4.22 Results from survey question 7 

Survey Questions Response 
number 

Response options Pre-SALF 
response rate 

Post SALF 
response rate 

Q7. What difference can you 
make to the health of your 
community? 

1 
2 
3 

A bit of difference 
A good difference 
A big difference 

41.7% 
58.3% 
0.0% 

17.4% 
52.2% 
30.4% 

 Estimate Std. Error Z value Pr(> z ) 

2 3 
3 4 

SurveyPre 

-1.99 
1.05 
-1.79 

0.58 
0.47 
0.66 

-3.44 
2.25 
-2.69 

0.00 
0.02 
0.01 

p-value 0.007 

Survey question 8 (results presented in Table 4.23) assessed two factors: 1) if participants 

understood what sustainable agriculture was, and 2) what importance they placed on it. As 

presented in Table 4.23, almost 30% of participants did not understand what was meant by 

sustainable agriculture prior to the SALF. Upon completion of the SALF 100% of participants 

understood and placed a high level of importance on sustainable agriculture. 
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Table 4.23 Results from survey question 8 

Survey Questions Response options Pre-SALF response 
rate 

Post SALF response 
rate  

Q8. Is it important that 
farmers plan for sustainable 
agriculture? 

Very important 
Important 

Not important 
I don’t care about it 
I don’t understand it 

50.0% 
20.8% 
0.0% 
0.0% 

29.2% 

100.0% 
0.0% 
0.0% 
0.0% 
0.0% 

Survey question 9 (results presented in Table 4.24) sought to determine shifts in participant 

perceptions regarding the impact sustainable agriculture may have on the broader 

community. Prior to participation in the SALF workshops, 34.8% of participants did not 

understand the concept of community planning for sustainable agriculture, however, 47.8% 

thought it was very important. Upon completing the SALF, 100% of participants deemed it 

very important that the community plans for sustainable agriculture. For analysis of the data 

a Fisher’s Exact test determined the statistical equivalence/difference between pre-SALF 

responses (distribution 1) and post-SALF responses (distribution 2), that is, does distribution 

1=distribution 2? As alpha=0.05 and p-value <0.001, it is concluded that the distribution of 

responses are different and that the SALF program resulted in changed perceptions among 

participants regarding the impact sustainable development has at a community level. 

Table 4.24 Results from survey question 9 

Survey Questions Response options Pre-SALF response 
rate 

Post SALF response 
rate 

Q9. Is it important that the 
community plans for 
sustainable agriculture? 

Very important 
Important 

Not important 
I don’t care about it 
I don’t understand it 

47.8% 
17.4% 
0.0% 
0.0% 

34.8% 

100% 
0.0% 
0.0% 
0.0% 
0.0% 

Survey question 10 (results presented in Table 4.25) sought to understand if participation in 

the SALF shifted the way in which participants succession planned their farms. Respondents 

to this survey question were able to select one or more responses. Analysis of the data, as 

presented in Table 4.25, infers that: 

Option 1: Self - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 0.5, p-value = 0.485. Data analysis, Table 4.25, highlights that the 

responses (pre- & post-) were the same, p-value = 0.522. 
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Option 2: Family - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.3, p-value = 0.248. Data analysis, Table 4.25, highlights that the 

responses (pre- & post-) were the same, p-value = 0.609. 

Option 3: Community - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 0.8, p-value = 0.38. Data analysis, Table 4.25, highlights that 

the responses (pre- & post-) were not the same, p-value = 0.028. 

Option 4: Country - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.3, p-value = 0.259. Data analysis, Table 4.25, highlights that the 

responses (pre- & post-) were the same, p-value = 0.924 

Table 4.25 Results from survey question 10 

Survey 
Questions 

Response  Df Deviance Resid. Df Resid. 
Dev 

Pr(>Chi) 

Q10. Who do 
you plan the 
future for? 
(Choose one or 
more) 

Self NULL   46 22.31  

Survey 1 0.41 45 21.90 0.5222 

Family NULL   46 60.28  

Survey 1 0.26 45 60.02 0.6090 

Community NULL   46 39.56  

Survey 1 4.84 45 34.72 0.0277 

Country NULL   46 57.25  

Survey 1 0.01 45 57.24 0.9243 

 

Survey question 11 (results presented in Table 4.26) sought to determine if participation in 

the SALF shifted participants’ perspective regarding those who were impacted by their 

farming practices. Respondents to this survey question were able to select one or more 

responses. Analysis of the data as presented in Table 4.26 infers that: 

Option 1: Self - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.4, p-value = 0.233. Data analysis, Table 4.26, highlights that the 

responses (pre- & post-) were the same, p-value = 0.936. 

Option 2: Family - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 0.8, p-value = 0.368. Data analysis, Table 4.26, highlights that the 

responses (pre- & post-) were the same, p-value = 0.477. 
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Option 3: Community - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 1.4, p-value = 0.236. Data analysis, Table 4.26, highlights that 

the responses (pre- & post-) were the same, p-value = 0.186. 

Option 4: Country- There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.4, p-value = 0.239. Data analysis, Table 4.26, highlights that the 

responses (pre- & post-) were the same, p-value = 0.967. 

Table 4.26 Results from survey question 11 

Survey 
Questions 

Response  Df Deviance Resid. Df Resid. 
Dev 

Pr(>Chi) 

Q11. Who is 
negatively 
impacted by 
your farming 
choice (choose 
one or more) 

Self NULL   44 61.29  

Survey 1 0.01 43 61.28 0.9357 

Family NULL   44 35.34  

Survey 1 0.51 43 34.84 0.4773 

Community NULL   44 62.18  

Survey 1 1.75 43 60.44 0.1864 

Country NULL   44 59.67  

Survey 1 0.00 43 59.67 0.9672 

 

Survey question 12 (results presented in Table 4.27) sought to determine if participation in 

the SALF workshops shifted participants’ perspectives regarding the broader impacts of their 

farming practices. Respondents to this survey question were able to select one or more 

responses. Analysis of the data as presented in Table 4.27 infers that: 

Option 1: Animals - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.2, p-value = 0.277. Data analysis, Table 4.27, highlights that the 

responses (pre- & post-) were not the same, p-value = 0.042. 

Option 2: Rivers - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 0.7, p-value = 0.408. Data analysis, Table 4.27, highlights that the 

responses (pre- & post-) were not the same, p-value < 0.001. 

Option 3: Soil - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.1, p-value = 0.298. Data analysis, Table 4.27, highlights that the 

responses (pre- & post-) were the same, p-value = 0.94. 
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Option 4: Atmosphere - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 0.9, p-value = 0.349. Data analysis, Table 4.27, highlights that 

the responses (pre- & post-) were the same, p-value = 0.727. 

Table 4.27 Results from survey question 12 

Survey 
Questions 

Response  Df Deviance Resid. Df Resid. 
Dev 

Pr(>Chi) 

Q12. Choose 
one or more 
areas which 
are negatively 
affected by 
your farming 
choices 

Animals NULL   46 57.25  

Survey 1 4.13 45 53.12 0.0421 

Rivers NULL   46 45.91  

Survey 1 15.12 45 30.79 0.0001 

Soil NULL   46 48.65  

Survey 1 0.01 45 48.65 0.9395 

Atmosphere NULL   46 39.56  

Survey 1 0.12 45 39.44 0.7268 

 

Survey question 13 sought to determine participants’ perceptions of cash crops.  Question 13 

at the second time-point (post-SALF) then determined if there was a significant change in 

participant perception regarding the reliance on cash crops in response to participation in the 

SALF program. Using R software suite (R Development Core Team, 2010), the condition 

Hessian value was calculated from the data in Table 4.28 to be 15, which was within the valid 

range, and resulted in a P value of 0.419. Thus, the shift in participant perceptions regarding 

the current practices was not statistically significant. 

4.3.2.2 Six-month follow-up semi-structured interview results 

A follow-up semi-structured interview was applied six months after completion of the 

Sustainable Agricultural Learning Framework (SALF) workshops. The purpose of the semi-

structured interview was to identify any medium-term changed agricultural practices 

participants had implemented as a direct result from participation in the SALF. Only practices 

which respondents noted as being learnt during the SALF were used in the analysis. Of the 

n=48 who participated in the SALF, n=33 were available for the semi-structured interview. 

Multiple responses were recorded from 25 participants, with one interview response not 

relevant, providing a total of 75 changed practices. The results, as presented Table 4.29, 

indicate take-up of sustainable practices, with 67% of Indigenous farmers who participated in 

the SALF incorporating composting in their agricultural systems. A further 33% had initiated 
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an on-farm tree planting program and 30% were including mulching as a part of their 

agricultural practice. 

Table 4.28 Results from survey question 13 

Survey Questions Response options Response 
number 

Pre-SALF 
response rate 

Post SALF 
response rate 

Q13. Do you feel that 
cash crops will solve all 
of your problems? 

All of your problems 
Some of your problems 
None of your problems 

1 
2 
3 

75.0% 
25.0% 
0.0% 

65.2% 
30.4% 
4.4% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 

SurveyPre 

0.60 
3.59 
-0.52 

0.44 
1.05 
0.64 

1.37 
3.43 
-0.81 

0.17 
0.00 
0.42 

p-value 0.419 

 

Table 4.29 Results from the six-month follow up survey  

Changed practice Percent of participants implementing a 
new practice 

Incorporating composting in agricultural system 67% 

Implementing an Integrated Pest Management 
system 

18% 

Initiated a tree planting program 33% 

Improved sustainable water use 36% 

Incorporated mulching into agricultural system 30% 

Reduced burning regime 3% 

Altered crop rotations 6% 

Undertake regular soil monitoring 33% 
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Chapter 4 Part C: Discussion of the results 

4.4.1 Introduction to the discussion 

The broad objective of this chapter was to ascertain if the Extension for Sustainable 

Agricultural Development (ESAD) approach could be used to enhance sustainable 

agriculture among Indigenous farmers in PNG. In line with this objective, the following is 

a response to four of the sub-research questions (as established in Section 1.3), in the 

PNG study. These sub-research questions are:  

1. Will a knowledge management model provide an appropriate platform to 

understand and construct a repository of Indigenous knowledge and enhance the 

sharing of this knowledge? 

2. How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture, including from different villages? 

3. How can sustainable agricultural learning among Indigenous farmers of Papua New 

Guinea and Vanuatu be enhanced and what educational philosophies will enhance 

learning? 

4. Will an alternative extension approach enhance the implementation of sustainable 

practices and how is this enhancement best measured? 

4.4.2 Discussion 

Sub-research question 1.  

Will a knowledge management model provide an appropriate platform to understand and 

construct a repository of Indigenous knowledge and enhance the sharing of this knowledge? 

The Extension for Sustainable Agricultural Development (ESAD) approach incorporated the 

concept of knowledge management as a platform to understand Indigenous knowledge, 

construct a repository of Indigenous knowledge and to promote knowledge sharing. In this 

case, the knowledge management platform sought to assist participants of the ESAD 

approach in realising the potential of their knowledge assets. The knowledge management 

model used in the present study was based on the model founded by Nonaka and Takeuchi 

(1995) and further developed by Nonaka et al. (2000). The ESAD approach applied three 



157 
 

 
 

specific modes: socialisation, externalisation and codification (refer to Section 2.6). Following 

is an assessment of each of these three modes.  

Socialisation mode 

The socialisation mode used the concept of a community of practice (described in Section 

2.6.1.1) to promote farmer-to-farmer knowledge sharing. In total, three communities of 

practice were undertaken during this PNG study and a range of relevant topics were discussed 

(current farming practices, culture, crop failures, future hopes etc). Whilst there was some 

farmer-to-farmer knowledge sharing, most of this sharing was superficial and knowledge 

shared was predominately knowledge already known by most farmers.  

This study found that there were several inherent challenges in seeking to apply the ESAD 

approach to promote farmer-to-farmer knowledge sharing. Firstly, analysis of responses to 

the semi-structured interviews found that 78.6% of participants acquired their agricultural 

knowledge through practice, stories and songs shared within the family group (Table 4.1). The 

analysis also revealed that knowledge was very rarely shared with others from outside the 

family (Table 4.2). This data suggests that the notion of sharing knowledge with other farmers 

outside the family group is uncommon. The result of this may be that the first step for an 

extension agency seeking to promote farmer-to-farmer knowledge through the ESAD 

approach will be to explore, with farmers, the benefits of knowledge sharing, particularly the 

benefits for their farms and their community.  

A further challenge for extension agencies seeking to implement the ESAD approach to 

promote farmer-to-farmer knowledge sharing is that within the studied communities, 

knowledge sharing was based on trust and status. Community leaders, generally men who 

have previously worked within the government, NGOs or church pastors are often the only 

external parties who are trusted outside of the family. Farmers were untrusting of each other, 

believing that any advice provided by another farmer would only be bad advice and result in 

a poor harvest. The communicy of practice stimulated knowledge sharing as a way of 

enhancing trust, however, whilst some progress was achieved time constraints limited 

progression.  
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Analysis of the semi-structured interviews (n=2) with key informants from the Fresh Produce 

Development Agency (FPDA)30 of PNG (Appendix 6, Dataset 42), highlighted key strategies 

which may enhance trust between PNG highland farmers and PNG extension officers. The first 

of these strategies is that of timeliness, that is, meeting or sharing information at an agreed 

time. In the context of the study site, being on time to a meeting was interpreted by farmers 

as a sign of respect. This is an important strategy for extension agencies seeking to enhance 

trust and mutual respect. A further strategy which may enhance farmer-to-extension agency 

trust is the willingness of extension officers to learn and understand the local culture and 

language. When extension officers ‘meet halfway’ (Bissett, 2012), they demonstrate that they 

value the culture and language of the farmers, leading to mutual respect and improved trust. 

Whilst this was achieved to some extent, as evidenced by the authors spending of time with 

the community sharing meals and stories (see Appendix 6, Dataset 40), this requires the 

allocation of time and resources from extension agencies which are not always available, as 

described in section 4.1.2. 

Another strategy highlighted by the FDPA is that extension officers require patience when 

working with farmers. Extension agencies are often required to achieve a broad range of 

outcomes from a limited allocation of funding and therefore time is often constrained, 

particularly if transport is required to access farmers, as access to transport is a key limitation 

to extension services in PNG (Chang, 2018). However, if extension officers do not provide 

farmers with the time to hunt, attend ceremonies, harvest and prepare food, all which are 

essential community functions, then trust may be more difficult to develop or maintain.  

A further key strategy in building trust between extension officers and farmers is through 

immersion into the village. The more time that I spent in the community and the more I 

participated in community events the greater the level of trust between myself and the 

community. The method of improved trust could be replicated by extension officers spending 

time being ‘part’ of the community by hunting, eating, living, and working in the village. 

Arguably the most important strategy for improving trust between the extension officers and 

farmers, as identified by the FPDA (Appendix 6, Dataset 42), is that of extension with rather 

                                                      
30 Fresh Produce Development Agency are a government agency responsible for managing the fresh food and 
horticultural industry in Papua New Guinea www.fpda.com.pg 
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than for Indigenous farmers. Extension officers who recognise the value of farmer knowledge 

and work with this knowledge rather than attempting to force externally derived technologies 

for the farmers were more likely to establish a relationship built on trust and therefore 

farmers will be more open to knowledge sharing. 

There were limitations to the use of a community of practice in this context, including: 

• people feeling pressured to talk, therefore much of the knowledge sharing was superficial; 

• those more confident were more vocal; 

• guiding questions were often required to stimulate discussion; 

• highland villages were complementary to communities of practice, as they offer natural 

‘managers’ in the form of community leaders, however, the community leaders used in 

this study lacked the skills to facilitate the community of practice; and 

• participants looked to the researcher for answers to questions regarding agricultural or 

environmental issues rather than putting forward ideas or suggestions. 

Whilst the limitations are important to understand, these were outweighed by the benefits 

of the socialisation mode, which included identifying hopes and aspirations of the community, 

creating a community discussion space (Figure 3.3), discussing the challenges of climate 

change, and identifying areas for future training. 

Externalisation mode 

The externalisation mode collated Indigenous agricultural knowledge in the areas of soil, 

cropping and pest management. The results presented in Chapter 4 Part A show that the ESAD 

approach enables the construction of a repository of Indigenous knowledge into themes such 

as soil, cropping and pest management. The results show that the ESAD approach can present 

Indigenous knowledge in a format which is accessible to extension agencies, for example the 

classification of soil horizon names (Table 4.5).  

In addition, the results show that the ESAD approach can enable extension agencies to better 

understand Indigenous knowledge. For example, 47.8% of study participants referred to the 

soil as ‘mother’ (Table 4.6). The term ‘mother’ stems from the concept that, like a mother 

feeds and nourishes an infant, the soil feeds and nourishes farmers, their families and the 

surrounding villages. Such a holistic view of the soil is significant for extension officers since 
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it provides opportunities to link the impact of soil degradation issues such as nutrition 

exhaustion, erosion control and fallow rotations, to family and village health and wellbeing. 

The results from the externalisation mode demonstrate that the ESAD approach was able to 

establish an understanding of the link between Indigenous culture and farming practices. The 

results, particularly the section on spirits ceremonies (Section 4.2.3.1), show that for many of 

the participants, culture continues to play a vital role in the everyday farming practices and 

thus it is imperative for extension agencies to recognise and better understand the role of 

culture.  

In alignment with the literature review, farmers were no longer solely relying on Indigenous 

knowledge for some agricultural practices, such as pest management, and were seeking 

technical solutions to agricultural issues, highlighting a willingness and motivation to improve 

current agricultural practices. The willingness to implement technical solutions is resulting in 

unsustainable practices such as excessive use of fertilisers and pesticides, erosion, loss of soil 

fertility, etc. Extension programs should seek to maximise the benefits of Indigenous 

knowledge and Western science knowledge which improve agricultural sustainability and the 

externalisation mode of the ESAD approach provides the framework to better understanding 

Indigenous agricultural knowledge among PNG farmers. 

Whilst the externalisation mode was an effective part of the ESAD model, there were 

limitations. The first limitation of the externalisation mode was that the ethnographic 

techniques used in this research were time consuming and costly. For ethnographic research 

to be valued in extension programs it is recommended that costs should not outweigh the 

benefits and a balance between costs and the ethnographic study should be clearly 

established. A second limitation was accessing Indigenous knowledge. The knowledge 

outlined within the externalisation mode was primarily common knowledge among farmers 

in the village, although this may be overcome with longer and deeper involvement with the 

community. Due to the cultural connectedness of Indigenous knowledge much was bound by 

the hierarchical status of the village, thus limiting access by the researcher, and possibly 

extension officers. Extension agencies seeking to further understand Indigenous knowledge 

in PNG may be constrained by the cultural connectedness of Indigenous knowledge. The final 

limitation to the externalisation mode was the impact of disruptions. Tribal fighting was 
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problematic in the PNG study and impacted on the consistency of the research as there were 

days when the village could not be accessed. For example, during this particular study, all but 

one participant in the village of Kukan were arrested for burning down the neighbouring 

village, restricting access to the participants for several weeks.  

Codification mode 

The codification mode provided a tool for explicit-to-explicit knowledge transfer. Thematic 

analysis provided an appropriate mechanism for understanding and organising Indigenous 

knowledge. The codification mode enabled the identification of themes which were broad 

enough to capture the data without having too many themes. 

Overall, the knowledge management approach which was embedded in the ESAD was 

valuable in constructing a repository of Indigenous knowledge and culture to support 

agricultural extension, however, further research is required. 

Sub-research question 2.  

How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture, including from different villages? 

The fourth mode of the Extension for Sustainable Agricultural Development (ESAD) approach 

was the internalisation mode, that is, explicit-to-tacit knowledge transfer. The internalisation 

mode of the ESAD approach was achieved through the application of the Sustainable 

Agricultural Learning Framework (SALF), as presented in the proposition, Section 2.6.1.5. The 

SALF workshops facilitated farmer learning of entwined Indigenous knowledge, Indigenous 

culture and Western science. The following examples demonstrate the application of the 

ESAD approach in entwining Indigenous knowledge and culture, and science. 

Agroforestry. 

Traditional food gardens included bananas, sugarcane (Saccharum officinarum), taro 

(Colocasia esculenta and Xanthosoma sagittifolium), maize (Zea mays), and amaranth 

(Amaranthus viridis), among others. Coffee (Arabica) was sporadically grown (Figure 4.8) and 

rarely harvested within the study site, yet held potential as a cash crop. By looking at a more 

integrated approach, such as agroforestry, both traditional crops and cash crops could be 
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grown. Casuarina (Casuarina oligodon) is Indigenous to the highlands region and seedlings 

were planted in some gardens allocated for fallow, and is also used for fencing and firewood 

(as was often seen bundled for sale on the roadside).  

During the SALF program the concept of agroforestry was introduced to participants. This 

included a garden walkthrough (Figure 4.9) where a potential agroforestry project was 

mapped out. The plan used the concept of planting Casuarina, coffee and banana into a 

traditional mixed garden providing a gradual transition into firstly a coffee and banana 

garden, and then into a coffee and Casuarina garden. This concept would provide the benefit 

of an ongoing income as well as improved soil nitrogen and carbon31. The results show a 33% 

increase among participants who commenced tree-planting programs after participating in 

the SALF (Table 4.29), which suggests that an extension approach can be designed to 

incorporate Indigenous knowledge and science  (such as showing the additional benefits of 

agroforestry such as pollination, soil biota etc). As a whole picture of the ESAD approach in 

the above example, the first three modes of the ESAD identified the Indigenous knowledge 

(the planting of Casuarina seedlings, the traditional food crops, and mixed cropping 

techniques) as well as relevant science knowledge (such as Casuarina’s contribution to 

increased levels of soil carbon and nitrogen), and the final mode (the SALF) facilitated this 

new knowledge to PNG farmers which led to enhanced sustainable agricultural practices. 

Food Nutrition 

Another example of entwining Indigenous knowledge with science was during the workshop 

sessions which targeted the role of sustainable agriculture in improving nutrition and health. 

It was evidenced that farmers were shifting away from traditional subsistence agriculture to 

cash cropping, which in the study site of Kukan village was primarily to capsicum (see, for 

example, Figure 4.10). The shift to cash crops has resulted in a reduction in the consumption 

of traditional food and an increase in the consumption of imported packaged food items from 

stores, with 67.7% purchasing additional food from town stores (Table 4.13). Malnutrition 

remains the main cause for poor health within the rural regions (Benjamin, Mopafi & Duke, 

2001) and within this study context, the issue of malnutrition was further exacerbated by the 

                                                      
31 Parfitt (1976) found increased levels of soil C and N in agroforestry gardens compared to soil C and N of 
common food gardens or grasslands. 
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perception among farmers, as described by Participant 14, that purchasing packaged food 

demonstrated the farmer’s wealth to others, and eating only traditional food crops was 

associated with being poor and a ‘lazy’ farmer (Section 4.2.3.2). In an effort to shift this 

perception, the SALF facilitated learning around the nutritional requirements for good health, 

using graphs and charts to explain nutrient levels of various food crops (see for example Figure 

4.11).  

 

 

Figure 4.8 Arabica coffee was sporadically grown as shown here in the Kukan village, Papua 

New Guinea. 
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Figure 4.9 Participants undertaking a garden walkthrough to view potential agroforestry sites, 

Kukan village PNG. 

A common mixed cropping system of participants included cassava (Manihot esculenta), 

sweet potato (Ipomoea batatas) and winged beans (Psophocarpus tetragonolobus). Whilst it 

was common practice for participants to eat the leaves of the sweet potato and winged beans, 

cassava leaves were never eaten as Indigenous knowledge had identified the diseases 

(dizziness, headache, fatigue, nausea, diarrhoea, vomiting, stomach pains, weakness) which 

were caused from the consumption of cassasave leaf toxins (the presence of antinutrients 

and cyanogenic glucosides). Cassava leaves are a rich source of protein, minerals and vitamins 

and the SALF workshop facilitated scientific information on preparation techniques to remove 

the toxins (see Latif & Müller, 2015), an example of the entwining of Indigenous knowledge 

and science. This component of the SALF provided participants with the knowledge and 

understanding of a balanced diet and a sample of Indigenous crops which offer high 

nutritional content. Prior to the SALF no participant felt they could make a big difference to 

community health, after the SALF 30.4% (Table 4.22) felt they could make a big difference to 

the health of the local community (p-value = 0.007), which may suggest the SALF provided 

appropriate learning connections between sustainable agriculture and community nutrition 

and health. 
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Figure 4.10 Photo showing a garden of capsicum, Kukan village PNG. 

Kumus – Healthy foods
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Karakap

Kaukau leaves

Cassava leaves

Wara kebis

Letis

Cabis

Vitamin C – 275mg
Iron  7.6mg

Vitamin C 64mg
Iron  8.9mg

Vitamin C 58mg

Iron  2.9mg

Iron  3.4mg
Vitamin C 35mg

Vitamin C 20mg
Iron  1mg

Vitamin C 46mg

Iron  0.8mg

Vitamin C  13mg

Iron  0.7mg

Water celery

Vitamin C 14mg

Iron  3mg

 

Figure 4.11 Example of a comparative food nutrient (vitamin & iron) poster 
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Pest Management 

A further example of entwining Indigenous knowledge and science was during the facilitation 

of the SALF pest management workshop.  Participant observations evidenced that low literacy 

levels had resulted in a lack of understanding of safe use and handling of agricultural 

chemicals (see for example Section 4.2.3.1). This lack of understanding of preparation and 

application of agricultural chemicals has potential for devastating consequences for a village 

such as Kukan32. The results found that some farmers were pouring pesticide into the rivers 

to kill fish which were then caught for food and children were observed playing with the 

empty drums of pesticide. There was also general misconception among farmers that the 

higher the concentration and more regular the application of pesticides, the better the 

effectiveness. From these results the SALF facilitated learning to participants about the 

concept of integrated pest management.  

The facilitation of these issues occurred through posters and a handbook (Figure 4.12). The 

SALF blended traditional pest management techniques such as cultural control and 

companion planting with selected chemical control methods. The SALF facilitated discussions 

around the long-term consequences of pesticide use on the environment, gardens, rivers and 

personal and family health. The SALF guided farmers in understanding concentration levels, 

appropriate times of the day to use pesticides and using available personal protective 

equipment (emphasising the need for long sleeves shirts and long pants, washed after use). 

Survey results in Table 4.18 show that prior to the SALF 0.0% of participants were aware of 

the health impacts of pesticides on their families, post SALF results show that 24.4% 

understood the health impacts of pesticides on families. These results may suggest that the 

SALF facilitated appropriate and relevant knowledge, however, whilst the results show an 

improved understanding, further education is required. 

                                                      
32 It is estimated that hundreds of thousands of people die each year from pesticide poisoning and farmers in 
developing countries have reported low to moderate levels of knowledge about pesticides, in fact, 68% of 
Tanzanian farmers reported health issues from use of pesticides (Lekei, Ngowi & London, 2014). 
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Figure 4.12 Booklets and posters were used to facilitate learning 

Experimentation 

Another example of the inclusion of Indigenous knowledge in the SALF was through facilitated 

learning which encouraged farmers to experiment. The literature review in Chapter 2 of the 

present thesis identified that Indigenous knowledge is not static, it is based on observations 

and experimentation, it evolves and it adapts to the changing conditions. The SALF 

encouraged participants to experiment, not only during the SALF, but as a continuing part of 

their agricultural practices, sharing the knowledge that farmers learn from agricultural 

experiments with other farmers and agricultural extension officers. Agricultural extension 

needs to recognise that it is the farmers who validate new knowledge, and validation is often 

best achieved through involving farmers in field trials and experimentations. For example, the 

SALF outlined mulching techniques and encouraged farmers to trial mulch of varying local 

materials and thickness.  
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The results from Table 4.29 show that 30% of farmers had implemented mulching into their 

agricultural systems as a result of participation in the SALF. The positive results of the 

mulching component of the SALF suggests that if agricultural extension policy included farmer 

experimentation then farmer uptake of extension knowledge may increase. It should be 

noted that due to the constraints of this study (personal time and personal cost) the ESAD 

finished before yield could be calculated and compared, and therefore it is suggested that in 

order to validate these findings further research is required. 

Market access 

A final example of the inclusion of Indigenous knowledge in the SALF was the establishment 

of market linkages. The community of practice, which was undertaken during the socialisation 

mode of the ESAD (see Section 2.6.1.1), provided a platform to discuss community 

aspirations, which in turn guided the inclusion of Indigenous knowledge in the SALF. The 

community aspirations focused on community development such as a sealed road, electricity, 

a water supply, a health clinic and so forth (Section 4.2.3.2). The SALF facilitated discussions 

between farmers and the Fresh Produce Development Agency (a government organisation 

designed to assist farmer cooperatives to find markets) and it was agreed by both parties that 

in order to achieve some of the community aspirations then agricultural yield and quality 

were required to become more consistent. The SALF, in consultation with the Fresh Produce 

Development Agency, facilitated learning on harvesting and storage techniques of market 

produce.  

The SALF worked through the issues of a farmer cooperative and supported the establishment 

of the Kukan Wara Association. The Kukan Wara Association is a farmer cooperative for the 

people of the Kukan village. The Kukan Wara Association now supplies (at the time of writing) 

the Fresh Produce Development Agency with capsicum for markets in Port Moresby. The 

Kukan Wara Association is managed by the village chief and farmers work together to plan 

for and supply the markets. It was the Kukan Wara Association, supported by the FPDA, which 

acted as a catalyst for placing a greater emphasis on Indigenous knowledge, as it was 

recognised by the FPDA that Indigenous knowledge played a role in growing consistent quality 

agricultural production. 



169 
 

 
 

Sub-research question 3.  

How can sustainable agricultural learning among Indigenous farmers of be enhanced and 

what educational philosophies will enhance learning? 

The overarching research question for this study sought to determine if the Extension for 

Sustainable Agricultural Development (ESAD) approach improved agricultural sustainability 

among farmers in PNG. This thesis proposed that farmer learning is a key element to 

improving agricultural sustainability and therefore, the fourth mode of the ESAD was the 

internalisation mode, which applied the Sustainable Agricultural Learning Framework (SALF), 

as explored in the proposition (Section 2.6.1.5). During the SALF workshops it was identified 

that some SALF principles enhanced participant learning more than others, as examined 

under the following headings. 

Cultural appropriateness:  Ensuring cultural appropriateness was essential across all facets of 

the SALF and working in a culturally appropriate way was appreciated by the participants. 

Indeed this was acknowledged by the village elder in his speech at the closing ceremony of 

the SALF, where he noted that my interest in the cultural systems and beliefs and close work 

with the farmers showed a respect for the people, culture and the village (Participant 8, 

personal communication, 9 April 2015)33. 

A constraint of developing a relationship with the community was the jealousy among 

neighbouring villages, who felt that the workshops would provide an advantage to those 

involved, particularly when selling produce at the markets34. In order to minimise 

neighbouring village jealousy and maximise culturally appropriate relationships, extension 

agencies should consider consulting with a range of community leaders across several 

villages.  

Multimodal: All participants were full-time Indigenous farmers growing a mixture of cash and 

subsistence food crops. Attendance in the SALF resulted in farming activities not being 

completed, therefore the SALF needed to demonstrate its relevance and value, and offer 

                                                      
33 The closing ceremony was not recorded as I was at the front of the community and it may have been 
considered by the community as disrespectful to film my own ceremony. 
34 This jealousy had the potential to result in violent conflict, and extension agencies should consider working 
at the province level rather than the village level. 
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learning which farmers learn today to live more effectively tomorrow (an assumption of 

andragogy, Table 2.2). Providing multimodal learning to participants was fundamental to 

participant engagement. The SALF provided opportunities for kinaesthetic, audio and visual 

learning, thus providing a learning experience for participants who learn in varying ways.  

Of the participants, 42.9% identified themselves as visual learners (Table 4.3), thus the SALF 

placed an emphasis on visual posters, charts and diagrams. Posters of Indigenous plants 

immediately engaged participants as they could recognise the plants, providing opportunities 

for discussion on plant nutrition. Several posters included bar graphs which compared the 

nutritional value of Indigenous plants against the European crops which farmers were 

planting. Discussions were able to be facilitated around the nutritional value of specific plants 

and how the nutritional value related to general health, for example, the benefits of high 

vitamin C found in local kaukau (Ipomoea batatas) and protein in winged bean seeds 

(Psophocarpus tetragonolobus) (see Appendix 8). The female participants expressed 

particular interest in this information as they were the ones primarily responsible for food 

preparation. The visual learning facilitated through the posters may account for the 30.4% 

increase of participants who felt they could then make a big difference to the health of the 

community after having undertaken the workshops (Table 4.22). 

Practical learning provided an opportunity for participants to experience, practice and 

become competent in a particular skill relevant to sustainable agriculture. Short videos were 

utilised throughout the SALF as a way for participants to gain an insight into what other 

communities in PNG and the Asia-Pacific region were doing to promote sustainable 

agriculture, for example, a video showing the impact global warming is having on the PNG 

island of Carteret. Although Carteret was a PNG island and the participants were Indigenous 

to the highlands, the video was presented in the national language of Tok Pisin and 

demonstrated issues impacting food crops. This video then led to further videos which 

presented key information regarding global warming and the potential impacts for the PNG 

highlands. These videos facilitated discussions around the topic of sustainable agriculture, 

and may have contributed to an increase from 47.8% to 100% of participants who felt it was 

important to plan for sustainable agriculture at a community level (Table 4.23). 
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Contextual: A key philosophy of the SALF was to ensure that all discussions, skill development 

and knowledge sharing was contextual and authentic. An analogy used in these discussions 

was around a three-legged stool (Figure 4.13). Stools were common within the village and 

brought context to discussions, for example, if one leg was weak the stool would collapse, 

therefore if the environment was weak then sustainable agriculture would not be obtainable. 

The entwining of Indigenous knowledge with Western science maintained contextualisation 

to the village of Kukan. Maintaining the context throughout the SALF may have contributed 

to the increase from 41.6% to 91.3% in the number of participants who shifted their 

perceptions of kanaka ways, responding that Indigenous knowledge (kanaka) is always or 

often good (Table 4.19). 

The SALF initially introduced sustainable agricultural practices from Australia in an effort to 

promote discussions among participants, however, such learning material failed to initiate 

relevant discussions and participants disengaged from this material as they were not able to 

relate to the context. This highlights the importance of maintaining the local context when 

seeking participant engagement in extension projects.  

 

Figure 4.13 Stool analogy of sustainable agriculture 

Source: Designed by the researcher 
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In summary, extension which includes educational philosophies where learning offers 

multimodal, contextual and culturally appropriate learning, may contribute to enhancing 

sustainable agriculture among Indigenous farmers in Papua New Guinea. The ESAD approach 

included these three learning approaches as a part of the overall educational philosophy, 

however, further research is still required. 

Sub-research question 4.  

Will an alternative extension approach enhance the implementation of sustainable practices 

and how is this enhancement best measured? 

Land intensification in Papua New Guinea (PNG) has led to reduced fallow periods and a loss 

of soil nutrient levels (Bourke, 2012), and as such, facilitating learning around sustainable 

agriculture and particularly soil management was a key focus of the SALF. The SALF provided 

opportunities for participants to undertake soil testing, and a booklet was provided to farmers 

with charts showing the most suitable pH levels for particular food crops. Participants were 

also provided with training in the use of soil testing kits (which were low cost and available in 

Mt Hagen, 40km from the village of Kukan). Participants were engaged in the soil testing 

program and the follow-up survey found that 33% of participants were undertaking regular 

soil monitoring as a direct result of participation in the SALF (Table 4.29).  

The SALF facilitated learning about using local materials for the construction and 

management of a compost system. Participants again responded positively, particularly given 

that they had free access to all the materials required to construct and manage the system 

(Figure 4.14). The results presented in Table 4.16 show that prior to engagement with the 

SALF, 58% of participants were often or always thinking about the future of their soil. After 

participation in the SALF, 100% were often or always thinking about the future of their soils, 

demonstrating a strong correlation between pre- and post- survey results (p-value=0.032). 

These results suggest that the ESAD approach was able to link farmer needs improved soil 

fertility (Section 4.2.3.1) with Indigenous knowledge (through the externalisation mode) for 

facilitation (though the SALF). 

Initially, 29.2% of participants were not familiar with the concept of sustainable agriculture 

(Table 4.23). After participation in the SALF, 100% of participants responded that sustainable 

agriculture was very important. Results in Table 4.23 show that there is a significant 
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correlation (p-value ˂ 0.001) that the SALF provided learning opportunities such that the 

farmers’ understanding of sustainable agriculture was shifted. Results presented in Table 4.24 

also shows a strong correlation (p-value<0.001) that the SALF shifted participants perceptions 

of planning for sustainable agriculture. The success of the ESAD approach in shifting 

participant perceptions and understanding of sustainable agriculture has the potential to be 

useful in managing the reduced fallow periods and loss of soil fertility, and this may result in 

a more sustainable soil management practices. 

 

Figure 4.14 A diagram demonstrating the compost materials and construction used in the 

SALF workshop, Kukan village, PNG. 

The results of the six-month follow up semi-structured interview, in Table 4.29, show that 

67% of participants were now incorporating composting into their agricultural practices 

whereas, as Participant 25 noted, ‘this [the use of composting] has never been a common 

practice here’ (Section 4.2.3.1). Table 4.29 also shows that 36% of participants had improved 

their water use, 33% had initiated a tree planting program, and 30% now incorporated 

mulching into their agricultural practices. The six-month semi-structured interview also 

identified that 33% of participants were undertaking regular soil monitoring of their farmland 

utilising the soil monitoring techniques, as exampled by Figure 4.15 (showing a group of 

farmers discussing soil fertility after applying compost). The data represented in Table 4.29 

shows a shift toward more sustainable agricultural practices by those who participated in the 

ESAD program. The results in Table 4.29 may not be entirely attributable to the SALF as there 
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may have external factors influencing participants during the six months between the SALF 

and the follow up semi-structured interviews, such as other extension programs, members of 

the village seeking further learning, or other family members entering the village with 

additional knowledge, however, none of these factors were mentioned by participants in the 

follow-up survey data. 

Responding to the research questions, the data discussed above highlights that the ESAD 

enhanced sustainable agricultural practices, and the implementation of new practices were 

measured by a follow-up semi-structured interview. The follow-up interview for this study 

occurred six months after the SALF workshops. It is suggested that a further 12 month follow-

up survey would provide valuable data regarding the long term application of sustainable 

practices being applied. 

 

Figure 4. 15 Farmers assessing and discussing soil composting techniques, Kukan village 

4.4.3 Assessment of the Extension for Sustainable Agricultural Development (ESAD) 

in Papua New Guinea 

The purpose of the field work in PNG was to determine the applicability of the Extension for 

Sustainable Agricultural Development (ESAD) approach in the context of PNG.  

The literature review presented in Chapter 2 of the present thesis highlighted that farmers 

are becoming reliant on European cash crops (see, for example, Figure 4.16) which require 

agricultural chemical inputs, whilst simultaneously Indigenous knowledge is being devalued 

and pressure is being placed on the local environment. As such, there is a vital need for 

agricultural extension to support farmers in sustainable agricultural practices. However, to 

maximise the impact of extension projects, agricultural extension must first understand and 
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value the local Indigenous knowledge and culture. An extension approach which values 

Indigenous knowledge and culture has been presented in this thesis (Section 2.6).  As 

evidenced by the results and discussion within this chapter, the Extension for Sustainable 

Agricultural Development (ESAD) was found to be an effective approach for facilitation of 

learning, however, further research is needed to explore the value of this approach, 

particularly in relation to communities of practice and the inclusion of Indigenous knowledge. 

 

Figure 4.16 European crops being sold at the Kukan Market  

Communities of practice were established to promote tacit-to-tacit knowledge sharing. The 

results presented in this chapter demonstrate that agricultural knowledge acquisition was 

predominantly shared from within family groups (Table 4.1), highlighting the weakness of 

community knowledge networks outside of the family groups. It was evidenced that a 

community of practice enhanced the sharing of some knowledge, however, there were 

inherent difficulties associated with a community of practice including distrust between 

participants and a lack of facilitation skills among community of practice facilitators.  

There were several factors which limited the inclusion of Indigenous knowledge in the ESAD 

approach, including trust, culture, and social barriers. Acknowledging these factors and 

implementing strategies to improve or overcome these limitations, such as investing more 



176 
 

 
 

time into a community and building stronger relationships, or learning some of the local 

language will significantly enhance an extension agency’s effectiveness in improving 

sustainable agriculture. 

4.4 Chapter summary 

This chapter of the thesis presented and discussed the research results of applying the 

Extension for Sustainable Agricultural Development (ESAD) approach to enhance sustainable 

agriculture among farmers in the Jiwaka Province of PNG. The ESAD comprised of four modes: 

socialisation, externalisation, codification and internalisation. 

The results of the study show that the socialisation mode promoted the sharing of knowledge, 

although issues such as ‘trust' limited knowledge sharing. The externalisation mode of the 

ESAD provided a platform for understanding Indigenous knowledge and culture. The 

internalisation mode of the ESAD entwined Indigenous knowledge and culture with Western 

science to facilitate learning. Results from the internalisation mode show that participants 

made some medium-term changes to their agricultural practices. 

Participants were engaged in the ESAD approach, as evidenced by consistent attendance 

numbers, and enjoyed celebrating the completion of the ESAD (Figure 4.17). Whilst the ESAD 

approach has the potential as an alternative to current extension approaches, more research 

and development of the ESAD is required. 

 

Figure 4.17 Participants receiving certificates of ESAD workshop completion, Kukan village, 

Papua New Guinea. 
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Chapter 5 Results and Discussion of the Extension for 

Sustainable Agricultural Development Approach in 

Vanuatu 

5.1 Introduction 

The previous chapter presented the findings on and discussions of the application of the 

Extension for Sustainable Agricultural Development (ESAD) approach in the context of Papua 

New Guinea (PNG). That chapter (#4) concluded that, whilst the ESAD was constrained by 

several factors such as trust and social barriers, it did promote sustainable agricultural 

practices among PNG farmers. However, before recommending the ESAD as an extension 

approach, two key points need to be considered: 

1. The PNG study was a small-scale study 

2. Sustainable agricultural production for smallholder farmers requires support, advice and 

technologies which are relevant to the social-economic-environmental contexts in which 

these farmers work (Nelson, Coe & Haussmann, 2019). 

The purpose of the present chapter (#5) is to examine the facilitation of the ESAD approach 

among Indigenous farmers of Vanuatu to expand the scale of this study and to determine 

whether the ESAD approach is effective in a context other than Papua New Guinea.  

The breadth of Indigenous knowledge and Indigenous culture examined in this chapter is such 

that the results and discussion is divided into three parts: Part A explores the results and 

findings from the socialisation, externalisation and codification modes of this research, Part 

B presents the results and findings from the externalisation mode, and Part C presents a 

discussion of the results and their implications for agricultural extension in Vanuatu. The 

structure of this chapter (#5) is presented below in Figure 5.1. 
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5.1 Introduction

5.2 Methods and study site

Part A:  Results and findings: from the 
socialisation, externalisation and 
codification modes of the ESAD
5.3 Understanding indigenous agricultural 
knowledge
5.4 Understanding indigenous cultural 
systems

Part C: Discussion of results
5.6 Discussion

5.7 Chapter Summary

Part B: Results and findings from the 
internalisation mode of the ESAD
5.5 Facilitating learning among indigenous 
famers in Vanuatu

 

Figure 5. 1 Chapter 5 structure 

5.1.1 The study contxt of Vanuatu 

First settled more than 3,200 years ago (Bedford, 2006), Vanuatu is an archipelago of 83 

islands, 63 of which are inhabited, and lies in the South Pacific Ocean approximately 1750km 

from Australia. Of the 235,000 people who inhabit these islands, around 76% are involved in 

small-scale family farming (Vanuatu National Statistics Office, 2009). The population is 

predominantly (98%) Indigenous, known as Ni-Vanuatu (Vanuatu National Statistics Office 

2009). Vanuatu has been noted as one of the least developed countries in the world and 

added to this is the fact that Vanuatu’s exposure to natural hazards along with a limited 

adaptive capacity35, also makes it one of the most vulnerable countries at risk to climate 

change (SPC 2011; United Nations 2015; Welle, Birkmann & Rhyner 2014). 

The Ni-Vanuatu farmers have developed knowledge systems which have enabled them to 

adapt to past climate variability, yet this Indigenous knowledge is rarely considered by 

scientist in modern approaches to mitigation and adaptation strategies. Indigenous 

                                                      
35 Vanuatu’s adaptive capacity is limited by accessibility to many communities, small populations across the 
islands, subsistence farming, education access, national GDP etc. 
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knowledge in Vanuatu is guided and regulated by kastom. Kastom systems encompass the 

beliefs, attitudes and behaviours of Ni-Vanuatu; it is “a whole way of life that dictates almost 

all of one’s actions and provides its own particular interpretation for almost everything that 

happens” (McClancy 2002, p. 20). Kastom and agriculture coexist, yet remain strongly 

connected, as described by a traditional elder (Participant 20) ‘without kastom we cannot 

have agriculture and without agriculture we cannot have kastom’ (Appendix 7, Dataset 101). 

Whilst the purpose of agricultural extension is to support and facilitate farmers to solve 

problems and obtain information (Davis, 2008), the effectiveness of the Vanuatu extension 

services is hindered by a lack of qualified staff, funding for transportation, production of 

extension materials, and the continued use of top down approaches which lack farmer 

relevance and context (Greer Consulting, 2008). It was also observed in this particular study 

that current extension practices failed to recognise the existing knowledge capital already 

held by many farmers, that of Indigenous knowledge and cultural systems.  

5.1.2 Research context and problem 

“they [youth] are not interested in farming, they think that the best jobs are the ones in the 

air-conditioning like banks and government offices, they think that farming is the lowest job”.  

(Participant 16, Appendix 7, Dataset 106) 

The above comment was a common theme among farmers, educators and extension officers. 

Vanuatu is experiencing rapid urbanisation (Cox et al., 2007), social rules and the role of 

village Chiefs have been devalued (Warrick, 2011), and languages are being lost at a rapid 

pace (Crowley, 2000; Lewis et al., 2016), all of which place the Indigenous knowledge and 

kastom in a precarious position. Currently there are very few efforts being made to capture 

and/or understand Indigenous knowledge and kastom (R. Shing, personal communication, 

Director of Vanuatu Cultural Centre, July 12, 2017), and as such, an extension approach which 

collects, understands and applies Indigenous agricultural knowledge within the context of 

Vanuatu may contribute to recording Indigenous knowledge and culture before it is lost. 
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This present chapter examines the sub-research question: 

1. Will a knowledge management model provide an appropriate platform to 

understand and construct a repository of Indigenous knowledge and enhance the 

sharing of this knowledge? 

2. Will an Extension for Sustainable Agricultural Development approach enhance the 

implementation of sustainable practices and how is this enhancement best 

measured? 

3. How can sustainable agricultural learning among Indigenous farmers of Vanuatu 

be enhanced and what educational philosophies will enhance learning? 

4. How can an agricultural extension approach be designed to incorporate 

Indigenous knowledge and culture? 

5.2 Methods and study site 

The study site was the island of Espiritu Santo, or simply Santo as it is known locally (Figure 

5.2). Santo is Vanuatu’s largest island, 4010 km2, with a chain of mountains running along the 

West coast and a flat limestone plain on the east and south. Due to the difficult terrain of the 

interior and west coast, eleven villages along the Eastern side of the island were selected for 

the study. The villages included in this study were Fanafo, Bombua, Ban, Bene, Hog Harbour, 

Stonehill, Falanhara, Lorevuilko, Port Olry, Lebibi, West Santo, Valankara and Charpius. 

Chapter 5 Parts A, B and C used purposive sampling (Tongco, 2007). A purposive sampling 

technique was used to select participants based on their primary source of income being from 

agriculture and that participants were Vanuatu Nationals, known as Ni-Vanuatu. All 

participants were de-identified and provided a study ID (for example Participant 1, Participant 

2). 

Data for Part A and B of this chapter was gathered though semi-structured interviews (n=58), 

observations (n=30) and interviews with agriculture extension officers and educators (n=7). 

Semi-structured interviews varied in time, ranging from 45 minutes through to two days 

(where participants requested one or two days to consider their responses to the semi-

structured interview questions). 
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Figure 5.2 Map of Vanuatu showing the island of Espiritu Santo 

Source: https://sites.google.com/site/1920iu2cvanuatuisland/home/scenery-of-vanuatu 

Data for Part C of this chapter was collected from participants involved in the internalisation 

mode of the ESAD, referred to in this study as the Sustainable Agricultural Learning 

Framework (SALF) (see Section 2.6.1.5). The SALF which was applied to two study sites on the 

East Coast of the Santo: Bene village and Valankara village. Two study sites were necessary as 

the populations of each village were too small to include a participation rate which would be 

deemed reliable. The SALF ran once a week for 11 weeks at each study site with a total of 

n=29 consistent participants; n=15 male and n=14 female. 

In order to determine changed perceptions and attitudes of farmers, participants answered 

the survey (Appendix 3) prior to the SALF and then again at the completion of the SALF. Of 

the participants, n=28 participated in the pre-SALF survey and n=2936 participated in the post 

SALF survey.  

                                                      
36 An additional participant commenced the SALF program just after the pre-SALF surveys had been completed 
and it was not feasible to ‘hold-up’ the workshop to undertake this additional survey due to the time which 
had already been ‘taken-up’ by the pre-SALF surveys. 



182 
 

 
 

Survey questions (Q1, Q2, Q4, Q5, Q6, Q7, Q8, Q9, and Q13) were ordinal (categorical with 

clear ordering of the values). To analyse whether there was a difference in the responses pre-

SALF to post-SALF ordinal regression was used. The analysis was carried out in R (R Core Team, 

2010) using the ordinal package (Christensen, 2015). 

The remaining questions (i.e., Q3, Q10, Q11, and Q12) allowed for multiple answers to be 

selected from the survey response options. These questions were split up according to their 

answers and a binomial variable was created: 1 = if the survey response option was selected 

and 0 = if the survey response option was not selected. A single predictor logistic model with 

a binomial distribution and a logit link function was used to analyse the results from this 

question. The analysis was carried out in R (R Core Team, 2010). 

An additional follow up semi-structured interview (Appendix 3) was applied six months after 

the SALF workshops with the purpose of identifying medium term changed practices. The 

follow-up interview comprised of six open ended questions relating to changes to practices 

as a direct result from participation in the SALF. Of the original participants (n=29), n=20 

participated in the follow-up survey, the remaining (n=9) were unavailable due to being 

absent from the village at the time of the interview. 

5.2.1 Farmer profile 

The mean age of participants was 42.5 years, with 54% being male and 46% female. Of the 

participants, 93% owned a farm <10 acres. Although participants referred to themselves as 

farmers, the land on which they worked was generally referred to as the ‘garden’. 

In terms of education, 90% of those who participated in the research study had gone no 

further than primary school education, with 10% completing secondary school and none had 

progressed to post school education. Despite the availability of schools, many said that they 

were prevented from attending due to the cost (school fees), and as such, 30% of participants 

started farming when they were under 10 years of age. Most participants (93.3%) were taught 

farming practices by their immediate family, with only one (3%) participant attending 

agricultural workshops after secondary school.  

  



183 
 

 
 

Part A: Results from the Socialisation, Externalisation 

and Codification Modes of the ESAD 
 

5.3 Understanding Indigenous agricultural knowledge 

As shown in Table 5.1, Indigenous knowledge of participants’ was primarily (93.3%) learnt 

from immediate family. This component of the study sought to understand the learnt 

Indigenous agricultural knowledge of Ni-Vanuatu farmers in the topics of soil, cropping, 

technology and responding to changing climate. The following results are presented under 

these four areas of agriculture.  

Table 5.1 Source of Indigenous knowledge 

Vanuatu 

Coded response Code Frequency Percent 

Family 1 28 93.3 

College 2 1 3.3 

extension agent 3 1 3.3 

self taught 4  0 0.0 

    30 100.0 

5.3.1 Soil and soil preparation 

The slash and burn approach to land preparation was observed to be common among farmers 

across the study site. The slash and burn process involves clearing, drying and burning the 

area to be planted, including all trees except those of economic or ceremonial relevance. 

Similar findings were made by Blanco et al. (2013). At the time of the study, soils were 

generally sown for three to four consecutive years with the same crop and then left to fallow 

for one year; this is in contrast to traditional practices in Vanuatu where fallow periods were 

up to 10 years or more (Blanco et al., 2013). The surrounding landscape showed evidence of 

short fallow periods, with agricultural and young secondary vegetation growing, shown in 

Figure 5.3. Participant 38 explained that decreasing fallow periods were principally driven by 

an increasing village population (less space to grow crops) and a need for income for school 

fees and pharmacy medicine (Appendix 7, Dataset 89). Some farmers used legumes (Mucuna 

prurians) during fallow as it was easier to remove at the end of the fallow period compared 

to other soil cover options such as Fabaceae (Laplap purpureus).  
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Farmers were applying Indigenous knowledge to enhance soil nutrient levels, as Participant 

28 explained: 

My grandfather said take the coral from the sea, break down the coral and put it in 

the soil and plant your crop on the soil. Sometimes we take seaweed from the ocean 

and mix with the soil and plant it. Sometimes we take the coral and feed the pigs, it is 

mixed up in their feed, this makes the pig grow fast (Appendix 7, Dataset 102). 

The semi-structured interview found that farmers strongly valued the garden soil, with 29% 

of participants describing it as their mother, due to its ability to nourish them, and 46% 

described the soil as their survival (Table 5.2). Across all villages the stories37 of how the soil 

formed varied. Participant 27 tells one such story of the formation of soil: 

‘Levri [an ancestor] was hiding from the sun because if the sun catch him he will die. 

When the morning was coming Levri was running, as he ran the trees started to grow 

and he arrived at Matantas [small village] and the sun reached him and he died and 

the soil was formed’ (Appendix 7, Dataset 107). 

Despite the value participants placed on their soil, many agricultural practices were leading 

to soil erosion and soil nutrient deficiencies. In fact, 91.7% of farmers identified a decrease of 

soil fertility within their gardens (Table 5.3). In addition, many participants (94%) also noted 

a decrease in average yield in the past 10 years (Table 5.4), with pests and changed weather 

patterns stated as being the primary reasons for this.  

Many farmers (75%) were able to identify two or more soil types (Table 5.5), and whilst these 

aligned with the Australian Soil Classification (Isbell, 2002), the challenge for extension 

officers is that each village classifies soil using local language and not the national language 

of Bislama. 

 

                                                      
37 The term story should not be viewed as a derogatory term regarding the validity of the belief. The term 
describes the way in which people share knowledge; the Bislama name for sharing knowledge is ‘storian’. 
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Figure 5.3 A field in fallow recently selected for planting, Stonehill, Espiritu Santo 

 

Table 5.2 Vanuatu farmer’s description of soil 

Vanuatu 

Coded response Code Frequency Percent 

Mother 1 10 28.6 

Survival 2 16 45.7 

Money 3 7 20.0 

Home 4 1 2.9 

Identity 5 1 2.9 

    35 100.0 

Table 5.3 Changes to soil as identified by Vanuatu farmers over the past 10 years 

Vanuatu 

Coded response Code Frequency Percent 

Decrease in soil fertility level 2 22 91.7 

Yes 3 2 8.3 

    24 100.0 

Table 5.4 Changes in crop yields as identified by Vanuatu farmers 

Vanuatu 

Coded response Code Frequency Percent 

Yield decrease 1 15 93.75 

Yield increase 2  0 0.00 

No change to yield 3  0 0.00 

Have not noticed any change 4 1 6.25 

    16 100.00 
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Table 5.5 Number of soil types which farmers could name 

Vanuatu 

Coded response Code Frequency Percent 

Four soil types 1 0 0.00 

Three soil types 2 3 15.00 

Two soil types 3 12 60.00 

One soil type 4 5 25.00 

    20 100.00 

5.3.2 Cropping 

The staple foods of the study sites were root crops, particularly yam (Dioscorea alata L.) and 

taro (Colocasia esculenta) which dominate the dry and wet season respectively (Lebot, 

Malapa & Sardos 2015). Sweet potato (Ipomoea batatas), known locally as kumula, and 

cassava (Manihot esculenta) are increasingly common across most regions of Vanuatu. Island 

cabbage (Abelmoschus manihot) is the most common leafy green vegetable grown. Most 

food crops are seasonal, as seen in Table 5.6. 

Table 5.6 Most common seasonal food crops 

Wet Season Dry Season All year 

Island Cabbage 

Taro 

Kava 

Yam Manioc 

Kumula 

Banana 

The most commonly consumed foods were rice, banana, kumula and manioc. All farmers 

(100%) reported that they supplemented their traditional diets with processed food from the 

store, with 87% of these purchases being rice (Table 5.7). Families would generally consume 

the rice until it was finished, and they would then return to consuming more traditional foods 

until they had enough money to purchase more rice.  

Table 5.7 Foods which supplement the diet 

Vanuatu 

Coded response Code Frequency Percent 

Rice 1 30 86.7 

None 2  0 0.0 

Bread 3 1 2.9 

Sugar 4 4 11.4 

    35 100 
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This study found that farmers plant crops using intercropping and mixed cropping techniques. 

From the study 52% of farmers intercropping at least two species, 40% intercropped with 

three or more crops and 8% intercropped with five or more food crops (Table 5.8). 

Intercropping provided a logical use of resources such as land and labour, both of which are 

limited. As an example, kumula sown in a pineapple field reduced weeding, which is important 

for a farmer since all weeding is undertaken by hand and thus much time is saved by using 

this technique. Common crops used for intercropping and mixed cropping systems were corn, 

taro and island cabbage, as presented in Table 5.9. Trees were also commonly intercropped, 

as evidenced by Figure 5.4.  

Table 5.8 Number of crop species which farmers intercrop 

Vanuatu 

Coded response Code Frequency Percent 

1-2 crops 1 13 52.00 

3-4 crops 2 10 40.00 

5-6 crops 3 2 8.00 

    25 100.00 

This study found that intercropping techniques were constantly evolving through practical 

experimentation and observation. Such experimentation was observed during a visit to the 

Fanafo village gardens where Participant 14 was experimenting various intercropping systems 

with taro, ‘I put the taro with yam, kava and island cabbage in different fields, I found that the 

yam grew best in the kava crop ... maybe the kava kept it shaded from the sun’ (Appendix 7, 

Dataset 95).   

 

Figure 5.4 Whitewood trees are planted among cassava and island cabbage. 
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Table 5. 9 Common intercropping systems 

Common crops combinations for intercropping and mixed cropping 

Kumula and Pineapple Peanut and Spring Onion 

Corn, Taro, Island cabbage Taro and Kumula 

Peanut and Kava Watermelon, Corn, Spring Onion 

Kumula and Yam Taro and banana 

Whitewood and Yam Coconut, Yam, Taro and/or Kumula 

Yam, Corn, Banana Island Cabbage and Taro 

Kumula, banana, manioc Kumula, peanuts 

Pineapple and kumula  

 

Intercropping was often used during the first four years after coconut planting, generally with 

yam, taro, kumula and island cabbage. Whilst intercropping with coconut plants was used to 

make the most of the land before the coconut trees shade the field, it also kept the young 

trees free from weeds. Once the coconut trees were past four years, the garden was opened 

up for cattle grazing.  

Most farmers were able to explain the various cropping systems they were following. As an 

example, Participant 16 explained his border cropping system ‘we plant spring onion around 

our garden to keep the ants and rats away when they enter our garden’ (Figure 5.5). Border 

cropping was common across all gardens and each border crop had a specific purpose, as 

outlined in Table 5.10. Apart from agricultural purposes, border crops are also used for 

aesthetic purposes, particularly around fields which are close to the either the village or the 

home of the farmer, as Participant 10 explains ‘the house represents my character, when 

someone comes in they can tell what type of person you are, so it must look good’ (Appendix 

7, Dataset 93). 
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Figure 5.5 Spring onions as a border crop to Kumula 

Table 5.10 Common Border Crops 

Border crop Function as described by participants 

Spring onion Repel ant and rats 

Pineapple Demarcation of garden areas 

Island cabbage Demarcation of garden areas 

Manioc Pigs are attracted to this so they do not eat kumula 

Banana Aesthetics, weed control through shading, demarcation of garden 

areas, marking of garden paths 

 

This study found that 93% of participants used crop rotation systems (Table 5.11) and, as 

shown in Table 5.12, kumula was the most common crop used in rotation systems.  

Table 5.11 Crop rotations participants were implementing 

Vanuatu 

Coded response Code Frequency Percent 

Root to leaf 1 3 10.34 

leaf to fruit 2 7 24.14 

Legume to root 3 7 24.14 

Fruit to legume 4 1 3.45 

Root to fruit 5 2 6.90 

Do not rotate 6 2 6.90 

root to root 7 7 24.14 

    29 100.00 

Spring onion border 
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Table 5.12 Common rotation crops found within the study sites 

Common crops in rotation Common crops in rotation 

Kumula with Peanuts Kumula with Yam 

Kumula with Manioc Kava with Yam 

Kumula with Beans Kava with Manioc, Kumula 

Yam with Island Taro Manioc with Taro 

Seeds for European crops such as lettuce, cabbage and carrots are purchased locally in the 

township of Luganville and it was observed that many farmers had been taught by store 

owners to use Gregorian calendars, such as that printed on the back of the seed packets. 

Whilst knowledge of planting times for European crops is valuable, models predict that 

climate change may alter crop production patterns such as sowing and harvest times (Parry 

et al., 2005). Local traditional calendars will be a valuable tool for farmers in the future as they 

are based on environmental indicators such as flowering plants and lunar phases.  

This study did find that although farmers used the Gregorian calendar for European crops, 

some continue to use traditional calendars for Indigenous crops. Traditional calendars have, 

for thousands of years, guided agricultural activities through the observation of 

environmental indicators. Traditional calendars may provide highly valuable knowledge for 

climate adaption and enhanced food security, and as such, extension officers should seek to 

understand them. This study identified two different traditional agricultural calendars of 

activities, and the environmental indicators used for each agricultural activity, presented 

Table 5.13 and Table 5.14. 

Table 5.13 Kastom calendar of Hog Habour village 

Traditional guides for agricultural activities Agricultural activity 

Navasvas flower bloom or Narara flower Planting kumula 

Nars flower bloom Planting Yam 

Full moon Planting banana 

Time between new moon and a full moon Planting as much as possible. Kastom 
systems state that the full moon phase acts 
as a natural fertiliser for all plants. 

Rope bush flower bloom (Merremia peltata) Planting water Taro 

Wild cane flowering Planting Taro 

Star constellation ‘nanecerena’ (language 
name) in East 

Planting Yam (Hog Harbour) 

Nara tree loses leaves Planting beans & Island cabbage 
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Table 5.14 Kastom calendar as described by Participant 39 

Month Natural activity Agricultural activity 

Mariri 

(April first half)  

Yam vines start to yellow Harvesting of sweet potato 

Langisi  

(April end half) 

Headsets of yam rise above the 

soil 

 

Taurang Tirigi 

(May)  

Further yellowing of yam vines Clearing and preparing the new yam 

garden 

Taurang Lavoa  

(June) 

Complete yellowing of the yam 

vines 

First yam harvest (land diving to 

celebrate harvest) 

Gaidorodoro  

(July) 

Yam vines dry out Harvest remaining yams, sugarcane, 

papaya and cassava 

Rara memea  

(August) 

Flowering of Dapdap tree 

(Erythrina loureirii G Don) 

Cleared gardens are burned, burnt 

debris removed 

Udu rara 

(September) 

Emerging of the Palolo worms 

(Palola viridis) from the coral 

reef 

Planting of yam 

Udu matala  

(October) 

Peak of Palolo worms population All plants remain dormant 

Udu malageha  

(November) 

New growth, seeds sprout Pineapple harvest 

Bora tirigi  

(December) 

Juvenile fish are plentiful and 

cicada (Cicadoidea) form under 

the soil. 

Cassava is planted, mangoes are 

harvested 

Bora lavoa  

(January) 

All plants are growing, houseflies 

(musca domestica) are plentiful. 

Yams are growing. Bananas, taro and 

sweet potato are consumed. Prior to 

these crops being introduced people 

would rely on the conserved area 

known as Maliudu. The Maliudu is 

also an area prepared to support the 

community during natural disasters. 

Ulugaitavu 

(February)  

Yams vines strengthen and grow 

beyond the stakes 

 

Vula barai 

(March)  

Yam vines become mature and 

strong 
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Along with traditional calendars, farmers rely of Indigenous knowledge of wind direction 

when selecting crops to be planted, as Participant 28 (Appendix 7, Dataset 102) explains: 

We have four directions of wind, two are good and two are bad for us. When the 

wind is good we know the harvest will be very good, the good wind comes from 

the south-east and south-west, it will be a good season and good rainfall. When 

the wind comes from the other direction it affects the crop, this means that there 

is not enough production to make a ceremony. When the wind is bad, people make 

a plan to plant wild taro.  

Once crops have been selected for planting, farmers spent significant effort to minimise the 

impacts of pests, an ever-present issue in Vanuatu gardens. Results from the semi-structured 

interview found that 37.5% of participants’ had lost at least one crop due to pests, see Table 

5.15. Farmers have developed a variety of methods of pest management including techniques 

such as border crops, soil mounds and clearing. These and other techniques are detailed in 

Table 5.16. 

Once crops are ready, families often work together to harvest the crop. Results of this study 

(Table 5.17) found that, of the participants, 74% use their families to assist with the harvest, 

whereas 26% of farmers use external labour.  Whilst 41% of harvest workers are voluntary, 

18% are paid with food and 41% with money (Table 5.18). Payment varies between 1500 and 

2000 vatu ($13 and $17 AUD) per day. 

5.3.3 Technology 

Although modern hand tools are becoming more widely used, 46% of participants continue 

to use traditional tools (Table 5.19). Farmer use of traditional tools is linked to the kastom 

(cultural) beliefs associated with the particular tool. For example, a particular stick was used 

to plant taro whilst a traditional song was sung: as explained by Participant 17, the use of the 

particular stick would result in higher yields than if they were planted with hand tools. During 

the participant observation, Participant 38 described how some farmers use a wild pandanus 

(pandanus amaryllifolius) stick to plant the corn as they believed that this would produce 

many cobs, and that other farmers used soft sticks to plant sugar cane as they believe that 

this will produce soft sugar cane, which was preferred (Appendix 7, Dataset 109). 
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Table 5.15 Reason for crop failures 

Vanuatu 

Coded response Code Frequency Percent 

No failure 1   0.00 

Chemical input 2   0.00 

Organic input 3   0.00 

Pest  4 3 37.50 

Disease 5   0.00 

Weather 6 5 62.50 

Other 7   0.00 

    8 100.00 

 

 

Table 5.16 Methods of pest management 

Pest Management technique 

Ants (Formicidae) Planting spring onion as a border crop 

Rats (Rattus norvegicus) Placing a border of sweet potato around the garden of 

yam 

Building large mounds around sweet potato 

Placing nangalate leaf around the stem of the plant 

Taro cluster caterpillars 

(Spodoptera litura), taro leaf 

blight (Phytophthora 

colocasiae) 

Placing the leaf of the Parpar plant in the taro garden 

Placing ash/spit on the leaves of the taro 

Pigs (Sus species) Planting of the Coleus plant (Plectranthus 

scutellarioide), known in Bislama as Hoanga, as it 

shimmers in the moonlight, scaring the pigs. 

Yam beetles (Coleoptera) Burning and removal of debris 

 

Table 5.17 Sources of assistance during harvest 

Vanuatu 

Coded response Code Frequency Percent 

Family 1 25 73.53 

Community 2 9 26.47 

    34 100.00 
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Table 5.18 Payment for work 

Vanuatu 

Coded response Code Frequency Percent 

Paid with food 1 4 18.2 

Paid with money 2 9 40.9 

Voluntary 3 9 40.9 

  Total 22 100 

 

Table 5.19 Methods of crop harvest  

Vanuatu 

Coded response Code Frequency Percent 

Hand tools 1 12 42.86 

Traditional instruments 2 13 46.43 

Hands 3 3 10.71 

    28 100.00 

 

Further evidence of the preference of traditional tools was observed in the Fanafo village 

where farmers used a large tree log to plant taro (Colocasia esculenta). This process required 

farmers to drive the log into the soil leaving a hole for the taro to be planted: Figure 5.6. The 

farmers described that log selection was important to ensure that the correct hole width and 

depth was created. Once the taro cutting was planted, the hole was filled, however, if the 

cutting was water taro (Cyrtosperma merkusii) the hole was only partially filled, as in Figure 

5.7, to allow the remaining space to be filled with water. 

Whilst not modern technology, farmers from Falanhara village demonstrated their 

technological innovation by creating a pond system for their water taro crop, shown in Figure 

5.8. Farmers constructed a terrace system, connecting ponds by bamboo irrigation.  This type 

of innovation highlights the capacity for extension officers to learn from Indigenous farmers 

and work with them in a participatory approach as opposed to the transfer of technology 

approach. 
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Figure 5.6 Farmers in the Fanafo region planting taro 

 

Figure 5.7 Planting of water taro 
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Figure 5.8 The top pond of a water taro terrace system 

Technology other than hand tools is being introduced into agriculture, with 87% of farmers 

using mobile phones and a further 13% using the internet to seek farming advice, and 53.3% 

using these technologies on a daily basis (Table 5.20 & Table 5.21). At the time of research, 

agricultural extension services were not observed38 using such technology as a tool for 

information dissemination, such as market prices or ‘tips’ for farmers.  

Table 5.20 Type of technology used to access agricultural information 

Vanuatu 

Coded response Code Frequency Percent 

Mobile Phone 1 13 86.7 

Internet 2 2 13.3 

Email 3   0.0 

None 4 15 100.0 

 

 

                                                      
38 During the research period in Vanuatu I was employed by the Vanuatu Ministry of Agriculture Livestock 
Fisheries Forestry Biosecurity, through which I regularly interacted with extension officers. 
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Table 5.21 Frequency of accessing technology for agricultural information 

Vanuatu 

Coded response Code Frequency Percent 

Daily 1 8 53.3 

Weekly 2 4 26.7 

monthly 3 1 6.7 

Yearly 4   0.0 

Whenever access is 
available 5 2 13.3 

Other 6   0.0 

    15 100.0 

5.3.4 Responding to a changing climate 

Results from the semi-structured interviews undertaken for this study, found many farmers 

had noticed shifts in weather patterns and harvest times, with many (82.6%) describing more 

regular and prolonged dry seasons (Table 5.22). Some of the respondents were drawing upon 

traditional practices and adapting practices to suit climatic changes. As an example, 

Participant 9 often employed the services of a rainmaker, explaining ‘there is an old man living 

nearby the village, he makes rain when there is a long period of sun/dry season’ (Appendix 7, 

Dataset 107).  

Another farmer (Participant 17) explained that during times of extended dry seasons he 

buried taro to ensure there was a consistent supply of food during drought, stating that the 

‘taro can be stored in the soil for up to eight weeks, then it had to be used otherwise it would 

not be good to eat’ (Appendix 7, Dataset 110). Participant 17 described that whilst this 

technique worked for him, other farmers buried and stored taro in saw dust in an effort to 

extend preservation, as the sawdust draws out the moisture in the taro increasing the time 

before it became rotten. Several participants mentioned that when there were food 

shortages, people would prepare and consume wild taro (Colocasia fallax) and cycad fruit 

(Cycas rumphii), which were found in the forest and not normally eaten (Appendix 7). During 

El Niño, farmers would also clear small rings of vegetation out from the forest or a heavily 

weeded area, approximately two metres in diameter, in order to plant taro. Participant 10 

explained that the cover reduced the evaporation rates, retaining soil moisture (Appendix 7, 

Dataset 92). 
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Table 5.22 Shifts in weather patterns 

Vanuatu 

Coded response Code Frequency Percent 

Become unpredictable 1 1 4.35 

Equal wet/dry periods 2  0 0.00 

More prolonged dry season 3 19 82.61 

Extended wet season 4 0 0.00 

Colder 5 3 13.04 

    23 100.00 

5.4 Understanding Indigenous cultural systems 

The above section used examples to demonstrate the Indigenous knowledge of Ni-Vanuatu 

farmers. The examples used (such as methods for pest management, environmental 

indicators for agricultural practices, intercropping, crop rotations etc), highlight the value of 

Indigenous knowledge in enhancing sustainable agriculture. However, those examples did not 

reveal that connection Indigenous knowledge has with Indigenous culture. Part B of this 

chapter (#5) provides a deeper insight into Indigenous knowledge by demonstrating the 

connection between Indigenous knowledge and kastom systems and, through examples of 

kastom systems, the connection to sustainable agricultural practices. In order to demonstrate 

the value of kastom for enhanced sustainable agriculture, the results and discussion are 

presented through the core principles of sustainable agriculture, as described by Pretty 

(1995). These principles are:  

• integration of ecological and biological processes;  

• minimised use of inorganic inputs;  

• makes use of local knowledge; and 

• use people’s capacity to work together.  

5.4.1 Integrated ecological and biological processes 

Indigenous farmers of Vanuatu have developed, over thousands of years, an integrated 

system of trees (for timber), mixed cropping, natural rain-fed irrigation and extended fallow 

periods, all of which are governed by kastom systems. Kastom goes hand-in-hand with 

agriculture, and the two cannot be separated. This connection is further explained by a farmer 

(Participant 20, Appendix 7, Dataset 101) from the village of Lorevuilko: 
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Kastom governs our agricultural system, kastom is like an umbrella, there are 

many things under the umbrella. Wherever there is a community, it lays on 

agricultural land and land is one of the powers of kastom, so the community 

cannot have kastom by itself, it needs to have farmland. 

It is kastom which governs what is planted, where it is planted and what should be integrated 

into the agricultural system. Kastom is something which belongs to the Ni-Vanuatu people, it 

connects them with their spirits, with their history and with their environment, which 

naturally leads to a need to protect and manage the land.  

A key shift away from sustainable agriculture is the shortening of fallow periods, causing loss 

of soil fertility and leading to declining yields. This generally occurs as farmers shift from 

traditional crops to cash crops. By working within kastom systems, extension officers may be 

able to promote lengthened fallow periods. An example of a kastom system which promotes 

fallow periods is from the village of Lorevuilko, explained by Participant 20 (Appendix 7, 

Dataset 101):  

After a man does the pig killing ceremony, he has to spend about 10 days doing a 

learning process where he gets a rank. There are 10 stages to the chiefly position. 

During the 10 days [of the first stage] you spend time in the nakamal where you 

get taught how to govern the farm land. In a fenced area you get instruction from 

tora39, all the kastom laws are taught here. When you are in there you are painted, 

you are decorated, after 10 days you have to go out into the farmland, there you 

have a shower, you stand in the middle of a big farmland and wash all the paint 

and it goes down into the land and the land becomes tabu [restricted area], so for 

certain years this land is tabu, for four to five years, for the trees to grow, for the 

wildlife to be plenty, so we cannot enter. There has to be a ceremony performed 

before we can enter that land. This is a way we practice conservation. Sometimes 

the tabu is for 10-20 years, for most, to make the land fertile it will be four years. 

The land size could be two to three kilometres. It happens in the community, so 

                                                      
39 The name which describes everything is Tora – all of the culture and beliefs started with this, it is the 
beginning. 
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the community talks and says ‘ok we have to leave this place’, it’s like a rotation, 

we used this place but know we leave it because we want it to be rich again. 

Once the tabu period is finished, farmers will slash and burn the area and prepare it for 

planting, however, certain trees within this area may remain tabu, as a farmer from Charpius 

village (Participant 28, Appendix 7, Dataset 102) explains: 

We have some trees ...kastom says ‘don’t cut this tree’, when I study and I find out 

that this tree is legume I find out that kastom is very important. 

As is evidenced in the above statement, whilst kastom may not be able to describe the science 

behind the nitrogen fixation process of legume trees, it provides the community with cultural 

rules for a sustainable agricultural system, such as maintaining legume trees in food gardens.  

5.4.2 Minimise the use of inorganic inputs 

Chemical inputs are not broadly used across Vanuatu, but they are available from commercial 

agricultural supply stores and promoted as an option for weed and pest management by 

extension officers. Currently the cost of chemical inputs is restricting many farmers from 

purchasing these chemicals, however, if Vanuatu follows in the footsteps of other Pacific 

nations, the application of inorganic inputs will become a routine part of the agricultural 

systems. Therefore, it is worthwhile exploring ways in which kastom promotes the use of 

alterntative practices to chemical inputs. 

Kastom systems utilise the phases of the moon when planting as it is believed that the full 

moon acts, as a farmer stated, ‘like a fertiliser’. However, the opposite is true for a new moon, 

as detailed in Table 5.23. 
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Table 5.23 Kastom regulated agricultural activities during moon phases 

Moon phase Agricultural activity 

Vula goro (full moon) Planting of crops that are not yam, such as banana, kava, cocoa 
and coconut 

Vula mate (new moon) No planting during this time. It is believed that all living things 
are releasing their waste during this moon phase. 

Vula halabotu (waning 
crescent) 

The time when living organisms come out to feed, plant roots 
‘wake’ to feed. 

The increase of cash crops such as kava, cocoa, coffee and coconut are seeing the more 

traditional staple crops being shifted to less fertile soils, as an agricultural extension officer 

(Participant 30, Appendix 7, Dataset 104) explains: ‘people are locating [the cash crop] on the 

fertile soil and then they develop the unfertile soil for [traditional crops]’. According to the 

semi-structured interview data, 94% of participants have observed lowering yields. The yield 

reduction of traditional staple crops planted, such as yam (Dioscorea spp.) and taro (Colocasia 

esculenta), is resulting in families consuming the crops that are being grown and not storing 

them in readiness for kastom ceremonies or times of drought, as an agricultural extension 

officer (Participant 30, Appendix 7, Dataset 104) explains: 

We used to preserve food, breadfruit [Artocarpus altilis] in a pit here, yam in a pit 

there and then there is food in the ground, now days there is no food preservation. 

Once we started losing that, we started losing everything. If we start getting this 

back using technology, then we can get back kastom 

Inorganic input may also be managed and food security improved by extension officers 

promoting kastom practices which support food preservation. For example, during good 

seasons the Paramount Chief can place a tabu (restriction) on harvesting wild yams as a 

measure to ensure they are available during times of drought or after a natural disaster such 

as a cyclone40.  

Traditionally, farmers had large numbers of pigs and chickens and were able to sustain these 

numbers by feeding them yams and taros from the food storage. Today, many pigs and 

chickens are being feed on imported products from the agricultural supplies store, a cost 

                                                      
40 After cyclone Pam in 2015, there were significant food shortages on a number of islands in Vanuatu. Food 
storage may have limited many of the malnutrition issues which arose after the cyclone. 
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which significantly limits the number of chickens and pigs that each farmer has. Promoting 

kastom systems of food storage and preservation for animal food may reduce the need for 

imported feed and may also increase the quality and numbers of animals, all of which has the 

potential to enhance sustainable villages. 

Whilst traditional crops such as yam, taro and sweet potato require fewer inorganic inputs 

compared to cash crops such as cucumber, watermelon, lettuce and cabbage, cash crops 

allow Indigenous farmers and their family access to education and medicine. Therefore, 

extension officers need to work with communities by using the kastom systems to establish 

sustainable agricultural practices such as integrated pest management systems, conservation 

tillage, integrated nutrient management programs, livestock integration programs and water 

harvesting techniques to enhance production of both traditional and European cash crops.  

5.4.3 Make use of the knowledge and skills of farmers 

For thousands of years the kastom systems of Vanuatu have provided the mechanisms for the 

sharing of Indigenous knowledge from generation to generation. Indigenous knowledge is 

local, empirical, holistic and dynamic and is shared orally through the telling of stories and 

songs (Antweiler, 2004; Ellen & Harris, 1996; Rao, 2006), which has been its strength 

throughout history. However, in today’s society of Western education, books, electronic data 

and documentation, the strength of Indigenous knowledge has become its weakness as it 

does not align with these Western formats of information repositories. Thus, extension 

officers need to focus on developing in-situ knowledge preservation. In-situ knowledge 

preservation promotes activities which call on the need to preserve Indigenous knowledge 

(Godoy et al., 2005). In order to do this, extension officers need to first identify the kastom 

systems and then the agricultural knowledge and skills of the farmers. Extension officers can 

become involved in nakamal41 meetings and kava ceremonies as ways of creating a 

relationship with the villages they work with. To become more effective in working with 

farmer knowledge and skills it was suggested that extension officers should be from different 

islands to the communities they enter as being a stranger gives them automatic status and 

respect, as stated by Participant 34 (Appendix 7, Dataset 105): 

                                                      
41 The nakamal is the term for a community meeting place in Vanuatu.  
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….it is easier if you are from a different island, if you are from the same island they may 

not trust you or have confidence in you, when you come in [from a different island] you 

come in with a status, someone to be respected. 

Whilst Indigenous knowledge is often restricted, a kastom exchange can be used to access 

others knowledge, as Participant 31 (Appendix 7, Dataset 102) described: 

The kastom knowledge is secret, but there is another way. When I plant taro and I ask 

someone for knowledge, they say ‘no, it’s secret for my son’, but when you make a 

kastom ceremony [exchange such as pig or mat], you buy this secret because there is 

a power for this secret, I cannot give it to you, you must make a kastom. If there is no 

kastom, then sometimes it cannot work, if the secret is very powerful you can get sick.  

Extension officers need to be aware of and respect kastom beliefs irrespective of their own 

beliefs, such as those used to protect yam gardens from pests and diseases. Results from this 

study (Appendix 7), identified that kastom states: 

• Women who are menstruating are not to enter the garden. 

• Women who have recently given birth are not to enter the garden. 

• No one who has eaten cold food can enter the garden. 

• When working in the garden you cannot eat food which has been prepared the previous 

day. 

• You cannot talk to anyone whilst working in the yam garden. 

• Men working in the yam garden cannot have sex with their wives the night before planting 

yam. 

5.4.4 Use people’s capacity to work together 

Kastom connects the past, the present and the future, and provides people with a place, a 

belonging, and a position in society. However, kastom only functions to the extent of the 

community’s capacity to work together. Community cooperation remains strong across many 

communities and it was not uncommon for me, as the researcher, to walk through a village 

where the entire community was working together to clean an area of the village, or repairing 

the road leading to the village, highlighting that people are willing to work together when it 
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benefits the community as a whole. As an example, the village of Balon Dark Bush met 

together every Tuesday and Thursday and worked at a garden belonging to one of the families 

from 6am to 10am. The community work program rotates to ensure everyone has a fair and 

equal share of labour. 

Black magic and sorcery is implicit in kastom and, at times, is used to repair relationships and 

maintain social cohesion. For example, and as described by Participant 21 (Appendix 7, 

Dataset 97): 

….if a pig was found to have a sore leg it would mean that the farmer was having an 

argument, if they apologised, then the pig would be healed or if a garden was doing 

poorly and the farmer was in dispute, then he would need to apologise to the person 

he/she was in dispute with and the garden will then improve.  

Despite the cooperation within communities, the capacity for different communities to work 

together is often limited, with trust between communities often strained by conflicts and 

political rivalries. It is therefore suggested that extension for sustainable agriculture will be 

better addressed if each community develops its own sustainability plan. 
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Part B: Results from the Internalisation Mode of the 

ESAD 

5.5 Facilitating learning among Indigenous farmers in Vanuatu 

The final phase of the Extension for Sustainable Agricultural Development (ESAD) approach 

was the internalisation mode (explicit-to-tacit knowledge transfer), which was undertaken 

through the application of the Sustainable Agricultural Learning Framework (SALF). Key topics 

of the SALF were identified in consultation with farmers through the community of practice. 

Consultation for the SALF topics were undertaken in three separate meetings: men, women, 

young farmers (Figure 5.9). The three meetings were required as the older male participants 

were highly vocal during the community of practice meetings which, at times, did not allow 

the female participants to have their say. The results for the SALF topics are presented in 

Table 5.24 below.  

 

Figure 5.9 Community of practice meeting with men’s group to discuss the topics for the SALF, 

Bene village, Vanuatu. 
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Table 5.24 SALF topics identified in the consultation meeting 

SALF topics from men SALF topics from women SALF topics from young 
farmers 

• Management in farming 
– look at integrated 
farming system 

• Information on crop 
adaption to climate 
change 

• Information about soils 
(testing, identifying the 
best soil) 

• How to use a small 
piece of land 
continuously 

• Irrigation techniques 

• Animal health/welfare 

• Methods of 
intercropping 

• How to grow citrus 

• Calendar for planting of 
crops 

• Soil management 

• Compost 

• Fish 

• Plant health 

• Coffee 

• Mahogany – 
specifically spacing 
and running cattle in 
the same area 

• Planting lemon 
orchard 

• Finance 

• Melon and cucumber 
– planting times, 
requirements and 
calendars 

• Coffee 

 

The focus of the SALF was to provide a collaborative learning environment for Indigenous 

farmers to share, experiment, learn and create new sustainable agricultural knowledge. As 

with the PNG study, the research instruments were not designed as standardised tests to give 

means and standard deviations, rather to compare attitudes, beliefs and behaviours before 

the SALF (pre-SALF) and again at the completion of the SALF (post-SALF). It is the comparison 

of responses (Appendix 11) which this study analyses in an attempt to identify mechanisms 

of the SALF which led to changed attitudes, values and behaviours. 

Prior to the SALF, farmers felt that they should be compensated to attend the workshops, on 

arrival to one village, a farmer asked ‘what have you brought to give to the community; 

machinery, seeds or hand tools?’ (Appendix 7, Dataset 111). Cavaye (2000) describes these 

types of financial incentives as creating a culture of dependency, thus, it was important that 

the SALF facilitated new knowledge and solutions to local agricultural problems which 

empowered farmers so that they felt the workshops were ‘worthwhile’ and the skills and 

knowledge they gained were as valuable as receiving seeds or handtools. 
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In order to determine changed perceptions and attitudes of SALF participants toward 

sustainable agricultural practices, participants responded to a survey (Appendix 3) both prior 

to the SALF and then upon completion of the SALF workshops, with n=29 participants: n=15 

male and n=14 female. 

Six months after the SALF program, a final data collection in the form of a semi-structured 

interview (Appendix 3) was applied. The purpose of this particular research instrument was 

to identify medium-term changed agricultural practices, that is, practices which had been 

implemented as a result of the SALF by those who participated in the SALF within the six 

months between the SALF workshop and the final data collection. In Vanuatu, of the n=29 

who participated in the SALF, n=20 took part in the follow up interview. The n=9 participants 

who were not interviewed were unavailable.  

5.5.1 Survey results 

Questions (Q1, Q2, Q4, Q5, Q6, Q7, Q8, Q9, and Q13) were ordinal (categorical with clear 

ordering of the values). Ordinal regression was used to determine if there was a statistically 

significant difference in the pre- and post- SALF responses. The analysis was carried out in R 

(R Development Core Team, 2017) using the ordinal package (Christensen, 2015b). 

The remaining questions (i.e., Q3, Q10, Q11, and Q12) allowed for multiple answers to be 

selected from the survey response options. These questions were split up according to their 

answers and a binomial variable was created: 1 = if the survey response option was selected 

and 0 = if the survey response option was not selected. A single predictor logistic model with 

a binomial distribution and a logit link function was used to analyse the results from this 

question. The analysis was carried out in R (R Development Core Team, 2017). 

Survey Question 1 sought to determine if participants thought about and/or planned for the 

long-term management of their garden soils. Question 1 at the second time-point (post-SALF) 

then determined if there was a significant change in participant attitude to soil management 

in response to participation in the SALF program. Using R software suite (R Development Core 

Team, 2010), the condition Hessian value was calculated from the data in Table 5.25 to be 53, 

which was within the valid range, and resulted in a P value of 0.126.  Thus, the improvement 

in participants’ understanding of the importance of long-term soil management was not 
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statistically significant (>0.05), however, the data presented in Table 5.25 shows the SALF 

program intervention resulted in some shifts in attitudes. 

Table 5.25 Analysis of Question 1 survey data for Vanuatu 

Survey Questions Response 
number 

Response 
options 

Pre-SALF 
response  

Post SALF 
response  

Q1. How often do you think 
about the future of your 
soil? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

Non-response 

53.6% 
7.1% 

32.1% 
3.6 
3.6 

0.0% 

62.1% 
31.0% 
6.9% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 
4 5 

SurveyPre 

-0.67 
1.60 
3.77 
4.49 
0.80 

0.37 
0.42 
0.79 
1.06 
0.53 

1.84 
3.85 
4.77 
4.23 
1.53 

0.07 
0.00 
0.00 
0.00 
0.13 

p-value 0.126 

 

Survey Question 2 sought to determine shifts in the way in which farmers thought about the 

future of the rivers and waterways. Question 2 at the second time-point (post-SALF) then 

determined if there was a significant change in participant attitude toward river management 

in response to participation in the SALF program. Using R software suite (R Development Core 

Team, 2010), the condition Hessian value was calculated from the data in Table 5.26 to be 39, 

which was within the valid range, and resulted in a P value of 0.129.  Thus, the improvement 

in participants’ understanding of the importance of rivers was not statistically significant 

(>0.05). Unlike Papua New Guinea where rivers, creeks and other waterways were a common 

resource, kastom in Vanuatu states that rivers are owned, and therefore can only be accessed 

by those whose land the rivers flow through. Whilst the SALF created discussions around the 

importance of sustainable use of waterways, participants viewed this topic as only important 

for those who owned a river.  
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Table 5.26 Analysis of Question 2 survey data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response 

Post SALF 
response 

Q2. How often do you think 
about the future of your 
rivers? 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

Non-response 

25.0% 
10.7% 
35.7% 
7.1% 

17.9% 
3.6% 

27.6% 
37.9% 
27.6% 
3.4% 
3.4% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

0 1 
1 2 
2 3 
3 4 
4 5 

SurveyPre 

-3.73 
-0.65 
0.42 
2.06 
2.54 
0.74 

1.02 
0.35 
0.34 
0.46 
0.52 
0.49 

-3.64 
-1.88 
1.24 
4.54 
4.92 
1.52 

0.00 
0.06 
0.21 
0.00 
0.00 
0.13 

p-value 0.129 

 

Survey Question 3 sought to understand which areas of the farm participants believed may 

be negatively impacted by pesticides. Unlike PNG, where pesticides were commonplace, 

participants of this study did not purchase or use pesticides, and as such, there were only a 

few responses (n=9) to the pre-SALF survey and no responses (n=0) to this question post-

SALF. Therefore, data analysis was not undertaken. Although pesticides were not currently 

used by farmers, the SALF program did provide opportunities for farmers to discuss the 

sustainable use of organic and inorganic pesticides through a natural farming program such 

as the use of fermented fruit, plant juice (Appendix 9).  

Survey Question 4 sought to determine if the views of participants regarding Indigenous 

knowledge shifted, specifically if participants had become more aware of the value of 

Indigenous knowledge. Question 4 at the second time-point (post-SALF) then determined if 

there was a significant change in participant attitude to Indigenous knowledge in response to 

participation in the SALF program. Using R software suite (R Development Core Team, 2010), 

the condition Hessian value was calculated from the data in Table 5.27 to be 21, which was 

within the valid range, and resulted in a P value of 0.133. Thus, the improvement in 

participants’ attitude regarding the value of Indigenous knowledge was not statistically 

significant (>0.05), however, the data presented in Table 5.27 shows the SALF program 
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intervention resulted some shifts in attitudes such as an increase in ‘often’ from 14.3% to 

65.5%. 

Table 5.27 Analysis of Question 4 survey data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response  

Post SALF 
response  

Q4. Are traditional ways 
good for farming 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

Non-response 

42.9% 
14.3% 
42.9% 
0.0% 
0.0% 
0.0% 

31.0% 
65.5% 
0.0% 
0.0% 
0.0% 
3.4% 

 Estimate Std. Error Z value Pr(> z ) 

0 1 
1 2 
2 3 

SurveyPre 

-3.71 
-0.17 
1.66 
0.77 

1.05 
0.33 
0.41 
0.51 

-3.62 
-0.52 
4.09 
1.50 

0.00 
0.60 
0.00 
0.13 

p-value 0.133 

 

Survey Question 5 sought to determine the value participants placed on Western agricultural 

science in comparison to Indigenous knowledge. Question 5 at the second time-point (post-

SALF) then determined if there was a significant change in participant attitude to Western 

science in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 5.28 to be 29, which was within the valid range, and resulted in a P value of 0.868.  Thus, 

the shift in participant perceptions regarding the value of Western science was not 

statistically significant, however, the data presented in Table 5.28 shows the SALF program 

intervention resulted some shifts in attitudes. Prior to the SALF program, 39.3% of 

participants believed that Western science was always the only way to improve farming in 

Vanuatu. Post SALF survey data, Table 5.28, shows a shift in participant perceptions of 

Western science, with 25.5% fewer participants identifying that Western science was the only 

way to improve farming. 
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Table 5.28 Analysis of Question 5 survey data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response  

Post SALF 
response  

Q5. Is Western science the 
only way to improve 
farming 

1 
2 
3 
4 
5 
6 

Always 
Often 

Sometimes 
Rarely 
Never 

Non-response 

39.3% 
10.7% 
28.6% 
7.1% 

10.7% 
0.0% 

13.8% 
65.5% 
20.7% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

0 1 
1 2 
2 3 
3 4 
4 5 

SurveyPre 

-3.99 
-0.91 
0.72 
2.38 
2.93 
0.08 

1.04 
0.35 
0.33 
0.52 
0.64 
0.50 

-3.85 
-2.61 
2.16 
4.57 
4.58 
0.17 

0.00 
0.01 
0.03 
0.00 
0.00 
0.87 

p-value 0.868 

 

Survey Question 6 sought to determine if participants considered that current practices were 

adequate to meet agricultural outcomes. Question 6 at the second time-point (post-SALF) 

then determined if there was a significant change in participant attitude to current practices 

in response to participation in the SALF program. Using R software suite (R Development Core 

Team, 2010), the condition Hessian value was calculated from the data in Table 5.29 to be 73, 

which was within the valid range, and resulted in a P value of 0.971. Thus, the shift in 

participant perceptions regarding the current practices was not statistically significant.  

Table 5.29 Analysis results of Question 6 survey data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response  

Post SALF 
response  

Q6. Do you think farmers 
need to change the way 
they do things? 

1 
2 
3 

Yes 
No 

Non-response 

89.3% 
7.1% 
3.6% 

96.6% 
3.4% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

0 1 
1 2 

SurveyPre 

-4.01 
2.91 
0.04 

1.12 
0.78 
1.04 

-3.57 
3.72 
0.04 

0.00 
0.00 
0.97 

p-value 0.971 
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Survey Question 7 sought to assess if participants felt that their farming practices could make 

an impact on community health and nutrition. Question 7 at the second time-point (post-

SALF) then determined if there was a significant change in participant attitude to community 

health in response to participation in the SALF program. Using R software suite (R 

Development Core Team, 2010), the condition Hessian value was calculated from the data in 

Table 5.30 to be 73, which was within the valid range, and resulted in a P value of <0.01.  Thus, 

the improvement in participants’ perception of their role in community health and nutrition 

was statistically significant and suggests the SALF intervention was involved in assisting this 

shift. The post SALF survey results show that 96.6% of participants believed that they could 

make a great difference to community health, in comparison to 48.2% before participation in 

the SALF program.   

Survey Question 8 assessed two factors: 1) if participants understood what sustainable 

agriculture was, and 2) what importance they placed on it. Question 8 at the second time-

point (post-SALF) then determined if there was a significant change in participant 

understanding of sustainable agriculture in response to participation in the SALF program. 

Using R software suite (R Development Core Team, 2010), the condition Hessian value was 

calculated from the data in Table 5.31 to be 42, which was within the valid range, and resulted 

in a P value of 0.321. Thus, the shift in participant perceptions regarding the current practices 

was not statistically significant.  

Table 5.30 Analysis of survey Question 7 data for Vanuatu 
Survey Questions Response 

number 
Response options Pre-SALF 

response 
Post SALF 
response 

Q7. What difference can you 
make to the health of your 
community? 

1 
2 
3 
4 

No difference 
Some difference 

A good difference 
A great difference 

3.7% 
22.2% 
25.9% 
48.2% 

0.0% 
0.0% 
3.4% 

96.6% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 

SurveyPre 

-6.74 
-4.54 
-3.34 
-3.44 

1.44 
1.09 
1.02 
1.09 

-4.68 
-4.18 
-3.29 
-3.16 

 

0.00 
0.00 
0.00 

0.0016 

p-value <0.01 
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Table 5.31 Analysis Question 8 survey data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response 

rate 

Post SALF 
response rate 

Q8. Is it important that 
farmers plan for sustainable 
agriculture? 

1 
2 
3 
4 
5 
 

Very important 
Important 

Not important 
I don’t care about it 
I don’t understand it 

75.0% 
7.2% 
3.5% 
0.0% 

14.3% 

82.8% 
17.2% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 

SurveyPre 

1.65 
2.68 
2.93 
0.65 

0.49 
0.60 
0.65 
0.65 

3.38 
4.46 
4.54 
0.99 

0.00 
0.00 
0.00 

0.321 

p-value 0.321 

 

Survey Question 9 sought to determine shifts in participant perceptions regarding the impact 

sustainable agriculture may have on the broader community.  Question 9 at the second time-

point (post-SALF) then determined if there was a significant change in participant perception 

regarding the impact sustainable agriculture has on the broader community in response to 

participation in the SALF program. Using R software suite (R Development Core Team, 2010), 

the condition Hessian value was calculated from the data in Table 5.32 to be 27, which was 

within the valid range, and resulted in a P value of 0.348. Thus, the shift in participant 

perceptions regarding the current practices was not statistically significant. 

Table 5.32 Analysis of Question 9 data for Vanuatu 

Survey Questions Response 
number 

Response options Pre-SALF 
response rate 

Post SALF 
response rate 

Q9. Is it important that 
the community plans for 
sustainable agriculture? 

1 
2 
3 
4 
5 

Very important 
Important 

Not important 
I don’t care about it 
I don’t understand it 

71.4% 
14.3% 
3.6% 
0.0% 

10.7% 

79.3% 
20.7% 
0.0% 
0.0% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 
3 4 

SurveyPre 

1.41 
2.89 
3.20 
0.58 

0.45 
0.63 
0.69 
0.62 

3.11 
4.61 
4.62 
0.94 

0.00 
0.00 
0.00 

0.348 

p-value 0.348 



214 
 

 
 

Survey question 10 (results presented in Table 5.33) sought to understand if participation in 

the SALF shifted the way in which participants succession planned their farms. Respondents 

to this survey question were able to select one or more responses. Analysis of the data, as 

presented in Table 5.33, infers that: 

Option 1: Self - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.3, p-value = 0.247. Data analysis, Table 5.33, highlights that the 

responses to the Survey (pre- & post-) were the same, p-value = 0.922. 

Option 2: Family - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 0.8, p-value = 0.361. Data analysis, Table 5.33, highlights that the 

responses to the Survey (pre- & post-) were the same, p-value = 0.055 (i.e., p-value > 0.05). 

Option 3: Community - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 1.4, p-value = 0.24. Data analysis, Table 5.33, highlights that 

the responses to the Survey (pre- & post-) were the same, p-value = 0.516. 

Option 4: Country - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.3, p-value = 0.257. Data analysis, Table 5.33, highlights that the 

responses to the Survey (pre- & post-) were the same, p-value = 0.509. 

Table 5.33 Question 10 survey data analysis, for Vanuatu, from the predictor logistic model 

Survey Question Response  Df Deviance Resid. 
Df 

Resid. 
Dev 

Pr(>Chi) 

Q10. Who do you 
plan the future for 
(Choose one or 
more) 

Self NULL   56 73.87  

Survey 1 0.01 55 73.86 0.9224 

Family NULL   56 49.72  

Survey 1 3.68 55 46.05 0.0552 

Community NULL   56 76.03  

Survey 1 0.42 55 75.61 0.5159 

Country NULL   56 71.10  

Survey 1 0.44 55 70.66 0.509 
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Survey Question 11 (results presented in Table 5.34) sought to determine if participation in 

the SALF shifted participants’ perspective regarding those who were impacted by their 

farming practices. Respondents to this survey question were able to select one or more 

responses. Analysis of the data as presented in Table 5.34 infers that: 

Option 1: Self - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.4, p-value = 0.235. Data analysis, Table 5.34, highlights that the 

responses to the Survey (pre- & post-) were the same, p-value = 0.345. 

Option 2: Family - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.2, p-value = 0.279. Data analysis, Table 5.34, highlights that the 

responses to the Survey (pre- & post-) were not the same, p-value < 0.001, in fact this 

response increased by 39%. 

Option 3: Community - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 1.4, p-value = 0.238. Data analysis, Table 5.34, highlights that 

the responses to the Survey (pre- & post-) were the same, p-value = 0.705. 

Option 4: Country - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.3, p-value = 0.254. Data analysis, Table 5.34, highlights that the 

responses to the Survey (pre- & post-) were not the same, p-value = 0.037. 

Table 5.34 Question 11 survey data analysis, for Vanuatu, from the predictor logistic model 

Survey Question Response  Df Deviance Resid. 
Df 

Resid. 
Dev 

Pr(>Chi) 

Q11. Who is 
negatively impacted 
by your farming 
choice (choose one 
or more) 

Self NULL   56 78.58  

Survey 1 0.89 55 77.69 0.3452 

Family NULL   56 76.03  

Survey 1 11.85 55 64.18 0.0006 

Community NULL   56 76.88  

Survey 1 0.14 55 76.74 0.7047 

Country NULL   56 76.03  

Survey 1 4.37 55 71.66 0.0366 
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Survey Question 12 (results presented in Table 5.35) sought to determine if participation in 

the SALF workshops shifted participants’ perspectives regarding the broader impacts of their 

farming practices. Respondents to this survey question were able to select one or more 

responses. Analysis of the data as presented in Table 5.35 infers that: 

Option 1: Local animals - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 1.4, p-value = 0.232. Data analysis, Table 5.35, highlights that 

the responses to the Survey (pre- & post-) were the same, p-value = 0.903. 

Option 2: Rivers - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.0, p-value = 0.320. Data analysis, Table 5.35, highlights that the 

responses to the Survey (pre- & post-) were not the same, p-value < 0.001. 

Option 3: Soil - There was no evidence of over-dispersion in this model with the variance 

heterogeneity factor = 1.0, p-value = 0.310. Data analysis, Table 5.35, highlights that the 

responses to the Survey (pre- & post-) were not the same, p-value < 0.001. 

Option 4: Atmosphere - There was no evidence of over-dispersion in this model with the 

variance heterogeneity factor = 0.8, p-value = 0.380. Data analysis, Table 5.35, highlights that 

the responses to the Survey (pre- & post-) were the same, p-value = 0.723. 

Table 5.35 Question 12 survey data analysis, for Vanuatu, from the predictor logistic model 

Survey Question Response  Df Deviance Resid. 
Df 

Resid. 
Dev 

Pr(>Chi) 

Q12. Choose one 
or more areas 
which are 
negatively 
affected by your 
farming choices 

Animals NULL   56 78.58  

Survey 1 0.01 55 78.57 0.9034 

Rivers NULL   56 65.70  

Survey 1 11.40 55 54.30 0.0007 

Soil NULL   56 78.87  

Survey 1 17.07 55 56.81 0.000 

Atmosphere NULL   56 42.46  

Survey 1 0.13 55 42.34 0.7228 

 

Survey Question 13 sought to determine participants’ perceptions of cash crops.  Question 13 

at the second time-point (post-SALF) then determined if there was a significant change in 

participant perception regarding the reliance on cash crops in response to participation in the 

SALF program. Using R software suite (R Development Core Team, 2010), the condition 
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Hessian value was calculated from the data in Table 5.36 to be 17, which was within the valid 

range, and resulted in a P value of < 0.01. Thus, the shift in participant perceptions regarding 

the current practices was statistically significant. The data indicates a significant shift (46.6%) 

from participants responding that cash crops will solve all problems to cash crops solving 

some problems. 

Medium term changed practices 

A follow-up semi-structured interview was applied six-months after participants completed 

the SALF. The purpose of this interview was to identify medium-term changed agricultural 

practices directly resulting from participation in the SALF. Only practices which participants 

identified as being learnt from the SALF were included in the results. Of the n=29 participants 

who attended the SALF in Vanuatu, n=20 participants responded to the follow up interview. 

Those who did not participate were unavailable (in town, another island, unwell or at a 

kastom ceremony) at the time of the semi-structured interview. Multiple responses were 

recorded from 15 participants, and 3 participants responded that they have not changed 

practices, providing a total of 38 changed practices, shown in Table 5.37. 

Table 5.36 Analysis of Question 13 survey data from Vanuatu 

Survey Questions Response options Response 
number 

Pre-SALF 
response rate  

Post SALF 
response rate 

Q13. Do you feel that 
cash crops will solve any 
of your problems? 

All of your problems 
Some of your problems 
None of your problems 

1 
2 
3 

46.4% 
50.0% 
3.6% 

3.4% 
96.6% 
0.0% 

 Estimate Std. Error Z value Pr(> z ) 

1 2 
2 3 

SurveyPre 

-2.68 
3.44 
-2.46 

0.73 
1.02 
0.83 

-3.65 
3.38 
-2.98 

0.00 
0.00 

0.0029 

p-value <0.01 
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Table 5.37 Changed practices six-months after participation in the SALF workshops in 

Vanuatu 

 
Changed practice 

% of participants implementing 
a new/more sustainable practice 

Incorporated mulching into agricultural system 70% 

Incorporating composting in agricultural system 40% 

Using natural farming techniques 25% 

Established a soil nutrient program 20% 

Following plant spacing chart 15% 

Establishing raised beds in low lying areas 13% 

Altered crop rotations 10% 
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Part C: Discussion of the Results  

5.6 Discussion 

The broad objective of this chapter was to explore whether the Extension for Sustainable 

Agricultural Development (ESAD) approach could enhance sustainable agriculture among 

Indigenous farmers in Vanuatu. In order to do so, the findings in response to four sub-research 

questions are examined in this section (5.6). To strengthen the comparison between the 

results of the Vanuatu study and those of the Papua New Guinea study, the four sub-research 

questions were the same. Comparisons between the two study sites, Vanuatu and Papua New 

Guinea, are made both in this section (5.6) and the following Chapter 6.  These sub-research 

questions are provided here and will be dealt with in order below. 

1. Will a knowledge management model provide an appropriate platform to understand and 

construct a repository of Indigenous knowledge and enhance the sharing of this 

knowledge? 

2. Will an Extension for Sustainable Agricultural Development approach enhance the 

implementation of sustainable practices and how is this enhancement best measured? 

3. How can sustainable agricultural learning among Indigenous farmers of Vanuatu be 

enhanced and what educational philosophies will enhance learning? 

4. How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture? 

Sub-research question 1.  

Will a knowledge management model provide an appropriate platform to understand and 

construct a repository of Indigenous knowledge and enhance the sharing of this knowledge? 

Chapter 2 identified that extension services in many developing countries have limited 

funding and few extension resources. The Extension for Sustainable Agricultural Development 

(ESAD) approach incorporated the concept of knowledge management as a platform to 

understand Indigenous knowledge, construct a repository of Indigenous knowledge and to 

promote knowledge sharing, and thus creating a basis for extension resources. This was 

achieved by applying three modes of knowledge management: socialisation, externalisation 

and codification (see Section 2.6.1). Considering the repository of Indigenous knowledge as 
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an extension resource could allow extension officers to build on these resources with Western 

science (as explored below in sub-research question 4). Following is an assessment of each of 

these modes within the context of the Vanuatu study. 

Socialisation 

The socialisation mode was used to promote tacit-to-tacit knowledge sharing among 

Indigenous farmers in Vanuatu. In order to promote farmer-to-farmer knowledge sharing, the 

socialisation mode was based on the concept of a community of practice. The community of 

practice provided an opportunity for knowledge to be shared and hopes and dreams for the 

future be discussed and planned for. The community of practice provided a platform for older 

farmers to share their knowledge with the younger generation. An example was an elder 

(Participant 17) explaining the traditional calendars to the young farmers, who were very 

interested, as the young farmers were planning farming activities on the Gregorian calendar 

(Section 5.3.2).  

The community of practice also provided an opportunity for female and young farmers to 

share what they had learnt from their farming experience, an opportunity they may not have 

outside the community of practice due to the hierarchy of kastom. Although the community 

of practice seemed to remove the hierarchical structure to a point, some farmers were more 

vocal than others and facilitation was required to ensure all participants had the opportunity 

to share (see, for example, Table 5.24). The community of practice utilised the church pastor 

of the village as the facilitator, however, it was found that the pastor lacked agricultural 

knowledge which impeded his ability to guide discussions. Future application of communities 

of practice in this context should consider using a lead farmer or an ESAD trained extension 

officer as the facilitator.  

Although the community of practice provided a platform for knowledge sharing there were 

number of constraints to sharing of agricultural knowledge, as outlined in the following. 

- Kastom restricted how much youth or women should talk, thus limiting the sharing of 

knowledge from these participants. 

- It was difficult to set meeting times, dates and locations due to the ever-changing 

nature of the village, including funerals, kastom meetings, cultural activities and other 
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community events. At one stage of the program, I arrived five different times without 

successfully engaging the community, despite setting meeting times. It was not that 

the community of practice was not valued, simply that kastom practices were placed 

as priority. Such occurrences were not infrequent, therefore, the socialisation mode 

should be considered, not as a step of the ESAD, but rather as an ongoing process, 

integrated into the externalisation and internalisation modes, as shown in Figure 5.10. 

If communities of practice were ongoing, information from the externalisation and 

internalisation modes may better inform the facilitation of the community of practice 

and knowledge sharing may be enhanced.  

- As was similar to the communities of practice in PNG, both the participants and 

facilitator looked to the researcher for guidance and/or solutions to agricultural 

problems.  

The PNG study found that PNG farmers were fearful of receiving poor/misleading agricultural 

information from other farmers, creating a distrust among farmers and this impeded 

knowledge sharing. In contrast, the Vanuatu study found farmers were very trusting of each 

other and there was no fear of false information. Participants were genuinely interested in 

supporting each other (within the already stated limitations of the hierarchy inherent in 

kastom), creating a dynamic community of practice. This further reinforces the important role 

of extension officers in promoting farmer-to-farmer trust, as trust was a key component of 

knowledge sharing.  

The socialisation mode within family groups is a natural process within the Ni-Vanuatu 

culture, as evidenced by the data which found that tacit-to-tacit knowledge sharing within 

families occurs from a very early age, where 93.3% of participants gained their agricultural 

knowledge from their family (Table 5.1). Extension projects should maximise the cultural 

component of knowledge sharing through the socialisation mode of the ESAD, as this will 

enable maximisation of the externalisation and internalisation modes. 

Externalisation 

The externalisation mode of the ESAD provided a suitable vehicle for tacit-to-explicit 

knowledge transfer, as evidenced in sections 5.3 and 5.4 of this chapter, where Indigenous 
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knowledge was transposed from tacit farmer knowledge to explicit farmer knowledge in the 

written form. The results show that the externalisation mode established a repository of 

knowledge which included soil and cropping knowledge, technology, environmental 

indicators and kastom practices which may enhance sustainable agricultural practices 

 

Figure 5.10 Enhancing the socialisation mode through feedback from externalisation and 

internalisation modes 

Source: Developed by the researcher 

A constraint on knowledge sharing within the villages that participated in this research was 

that access to certain knowledge was restricted by hierarchical levels within the village. For 

example, certain agricultural knowledge possessed by the Chief and Paramount Chief is rarely 

shared with anyone below these positions. There are some exceptions to this rule, for 

example, a farmer may access agricultural knowledge held by someone ranked above him, if 

they were to make a kastom exchange, as Participant 31 described in section 5.4.3, “when 

you make a kastom ceremony [exchange such as pig or mat], you buy this secret because there 

is a power for this secret, I cannot give it to you, you must make a kastom”. 

A further constraint on the externalisation mode was time. Whilst the semi-structured 

interviews were valuable for understanding Indigenous knowledge, none of the participants 

had ever been interviewed and were often uncertain how to respond, which often resulted 

Externalisation: Tacit-to-explicit 
knowledge

Internalisation: Explicit-to-
explicit knowledge

Socialisation: Tacit-to-tacit 
knowledge (via Community of 

Practice)
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in significant time spent explaining the process of the interview (section 5.2). Time spent on 

the interviews was, on occasion, expanded as participants requested a day or two between 

questions to think about the response they wanted to give. This is a significant finding for 

extension agencies. Extension projects incorporating the ESAD approach which recognise this 

constraint and create funding and time allowances for the semi-structured interview phase 

will result in more rigorous and extensive data than an extension project which does not 

allocate time and funding for explaining the interview process. Extension projects 

incorporating semi-structured interviews may also consider running practice interviews to 

allow participants to become familiar and comfortable with the process. 

The inclusion of participant and apprentice observations in the externalisation mode were 

valuable for understanding Indigenous knowledge and culture. The apprentice observations 

were particularly valuable in that participants were more relaxed and more willing to respond 

to questions when working in the gardens together, rather than more formal interview 

settings. 

Codification 

The codification mode was an effective method for explicit-to-explicit knowledge transfer. As 

was the case in Chapter 4 (the PNG study), the Vanuatu study was a small-scale study and 

themes were broad enough to capture the data without having too many themes. A large-

scale longitudinal study would require themes to be more specific, hence more themes 

created. This may lead to more extensive and rich research, however, also more time 

consuming and expensive research which was not possible in this study. 

Sub-research question 2.  

Will an Extension for Sustainable Agricultural Development approach enhance the 

implementation of sustainable practices and how is this enhancement best measured? 

The fourth mode of the ESAD approach was internalisation, a process of tacit-to-explicit 

knowledge transfer. The internalisation mode used the Sustainable Agricultural Learning 

Framework (SALF) to promote sustainable agricultural practices among farmers in Vanuatu, 

as established in the theoretical proposition, Section 2.6. The initial obstacle of the 

internalisation mode was to shift farmer expectation of receiving farmer equipment or 
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resources in turn for attendance. Past practices of extension projects have relied on supplying 

of equipment (for example a grasscutter) to participants and a way of ensuring participants 

attend workshops. On arrival in one village, a farmer asked ‘what have you brought to give to 

the community; machinery, seeds or hand tools?’ (see Section 5.5). When asked why they 

thought they would receive such things, they explained that they had heard that it was 

common for extension officers to supply villages with new technologies, as they themselves 

could not pay for any new technologies. In order to shift this expectation, I met with the 

traditional landholders, village Chiefs and church pastors to explain that the SALF was not to 

provide tools and technologies, but to work collaboratively to establish solutions to local 

agricultural problems with both Indigenous and scientific knowledge. Once this was 

understood the community leaders shared this information during community meetings and 

church gatherings.  

The second problematic issue of the internalisation mode was that of attendance. The 

community leaders established that the SALF workshops would be held each Friday. This 

allowed the community to undertake their farm duties all week and plan to make the Friday 

available for the workshop. Although this was communicated to the community, the first 

three weeks of the SALF no participants attended. Two weeks after the first workshop with 

participants in the village of Valenkara, there was a death in the community (village Chief, 

personal communication, 12 May 2017) and the workshop was postponed for a further two 

weeks. Three weeks after this a circumcision ceremony was planned (village Chief, personal 

communication, 16 June 2017) and the workshop was postponed again for a further 2 weeks. 

These postponements highlight the need for extension programs to be designed to allow for 

flexibility in delivery and acknowledge the important place that kastom has in the community.  

The SALF training material was designed to focus on the agricultural issues which were 

identified by participants during the socialisation and externalisation mode of the ESAD, 

including climate change, reduced fallow periods, pests and a loss of soil fertility (see Table 

5.3, Table 5.4 & Table 5.5). The SALF workshop commenced with reviewing soil management 

techniques (including the role of soil biota, creating humus, minimising erosion, etc.). As 

evidenced in the results, there was a shift in the way in which participants valued the soil 

(Table 5.25). Prior to participating in the SALF, 60.7% of participants always/often considered 

soil issues, after participating in the SALF 93.1% always/often considered soil issues.  
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The SALF workshop offered opportunities for participants to further their understanding and 

experiment with different soil management techniques (for example raised beds, mulching 

techniques, composting). The six-month follow-up survey identified that 70% of participants 

had incorporated mulching into their farming practices, 40% were incorporating composting 

systems and 20% had established a soil nutrient program (Table 5.37). These results 

demonstrate the willingness of farmers to uptake new practices once they developed an 

understanding of the impact their agricultural practices had on the soil. This is a distinct 

feature of the ESAD approach, as will be discussed further in Chapter 6. A component of the 

soil management program was the focus on natural farming techniques which integrate 

Indigenous knowledge and scientific knowledge, offering alternative practices utilising local 

and natural products (see extract in Appendix 9) such as preparing and applying natural 

fertilisers, as in Figure 5.11. The results (Table 5.37) show that 25% of participants were 

implementing some aspects of natural farming techniques six months after participation in 

the SALF. 

 

Figure 5.11 A young farmer preparing natural fertiliser, Bene village, Vanuatu 

Popova, Tomashevska and Popova (2017) state that there are three elements of 

sustainability: economic sustainability, environmental sustainability and social sustainability. 

A core pillar of social sustainability is the health and wellbeing of the community. Research 

observation noted a significant consumption of white rice. Results from the semi-structured 
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interview of the ESAD identified that 86.7% of participants supplement their diets with white 

rice (Table 5.7); it was also noted that some families would consume the rice first and then 

supplement their diet with produce from the farm (see Section 5.3.2). There is clear evidence 

that heavy and long-term consumption of white rice is a leading cause of type 2 diabetes (Hu 

et al., 2012), therefore a key focus of the SALF was to facilitate discussions on the benefits of 

traditional foods. The SALF provided opportunities to explore the nutrition levels of various 

traditional foods in comparison with white rice. Participants were highly engaged in the 

posters, charts and discussions relating to food nutrition (for example Appendix 5). From the 

learning and sharing of information about food nutrition, the results of the post-SALF survey 

showed a 48.4% positive shift in the number of participants who felt they were able to 

significantly contribute to the health of the community (Table 5.30).  

It was found in this study that farmers were sowing cash crops such as kava (a non-food 

product) in the fertile soil and traditional food crops in less fertile soil (Section 5.6.2), a 

practice which has the potential to reduce the yield of those traditional crops which 

improve/maintain the health and nutrition of the village. This shift in agricultural practices 

may also lead to a decrease of traditional crops being sold at the local markets, thus 

potentially impacting the health of the broader community. Extension projects should 

continue to focus on educating farmers on the importance of food nutrition as this may 

encourage farmers to returning to sowing more traditional crops in fertile soils and it may 

also promote increased consumption of nutrient-rich traditional foods.  

The Extension for Sustainable Agricultural Development (ESAD) approach improved 

sustainable agricultural practices, as evidenced in Table 5.37, through collaborative learning 

platforms and the creation of new knowledge. By integrating philosophies of farmer-centric 

and empirical learning, farmers were able to experiment in a way they understood, comparing 

their results with others. Farmers took ownership of their learning and they were deeply 

engaged in the learning process, asking questions and also putting forth their own thoughts, 

ideas and solutions. Measuring the success of the ESAD was achieved by identifying the 

medium-term changed practices, as presented in Table 5.37. This study found some changed 

practices included mulching, composting, using natural farming techniques and other soil 

management techniques, all of which will enhance sustainable agriculture.  
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Sub-research question 3.  

How can sustainable agricultural learning among Indigenous farmers of Vanuatu be enhanced 

and what educational philosophies will enhance learning? 

The educational techniques which engaged farmer learning in Vanuatu were 1.) facilitated 

learning, 2.) empirical learning and 3.) internal motivations; and each of these three will be 

addressed below. 

1. Facilitated learning  

The role of facilitation during the ESAD was primarily through the village pastor. The facilitator 

(with the support of myself as the researcher) guided group discussions and organised the 

practical learning sessions, which included experimental plots.  

There were three core principles which enhanced the facilitation of sustainable agricultural 

practices to Ni-Vanuatu farmers, as outlined in the following.   

I. Connecting learning thematically to create a form of holistic learning, for example, soil 

management learning included the discussion of kastom practices and spiritual beliefs 

when in the yam garden (as outlined in Section 5.4.3). A further example was the 

affirmation of the role of ceremony in promoting land fallow (see Section 5.4.1). 

II. Allowing lead farmers the opportunity to facilitate learning, although in this particular 

study the natural leader of the community was the church pastor who often assumed 

the role of facilitator. 

III. Learning methods catered for varying learning styles. This study used material for 

visual learners (posters, photos and manuals), auditory learners (videos) and 

kinaesthetic learners (experimental plots). 

The Kaupapa Maori Research (KMR) philosophy (refer to Section 3.3) established five 

principles for research in an Indigenous context: being initiation, benefit, representation, 

legitimation and accountability. Relevant to the researcher’s role in the process of facilitated 

learning was accountability. As the researcher I was aware that I had the power to manipulate 

the results of the present study. It would have been relatively easy to identify the key 

agricultural issues, provide a Western/Indigenous solution to the issue and be confident that 
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survey results would show positive results on which to report. This, however, was not true to 

the purpose of the ESAD approach and as such the outcomes of the facilitated learning did 

not always show improvement, for example, Table 5.34 and 5.35 which show only slight 

improvements in participants’ understanding of the negative impacts of their farming 

practices. Whilst the purpose of the SALF was to obtain shifts in agricultural practices this 

needed to be achieved by empowering farmers to make changes which enhance agricultural 

sustainability and for this to occur farmers need to take ownership of the change, which 

would not happen if I were to lead the learning process at all times. 

2. Empirical learning  

The ESAD approach was designed to provide opportunities for empirical learning. The 

community agreed that the program would run every Friday as this allowed participants to 

spend the week undertaking activities in their gardens and they could then allocate a day to 

the program (the issues regarding this have been discussed above). The weekly sessions may 

have been beneficial to the ESAD approach, as it allowed time to for the program to 

implement short-term field trials (expanded in more detail in the following section). For 

example, participants had the opportunity to experiment with different mulching techniques. 

The ESAD ran during a severe El Nino period which allowed participants to understand 

mulching and to visually see the impact varying mulching techniques had on retaining soil 

moisture during the dry period. The ESAD also facilitated learning on establishing a crop 

rotation process, whereby participants prepared garden beds for various crop rotations 

(Figure 5.12), and although time did not allow for the project to go through to harvest, farmers 

had the opportunity to understand the processes involved in crop rotations. The two 

examples above demonstrate the success of the ESAD in providing empirical learning 

opportunities for participants. 

3. Internal motivations:  

Participants of the ESAD approach were small holding farmers who grew market crops for 

cash and traditional food crops for their family consumption. A motivation of participants was 

to improve the cash income of market crops through an increase in yield. With such clear 

internal motivations, the ESAD approach provided an opportunity to learn the skills and 
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knowledge to improve the yield of the market crops by focusing on particular topics such as 

sustainable soil management, integrated pest management and climate adaption techniques. 

By connecting these topics to improved production, participants were engaged and motivated 

to learn, as was evidenced through their changed practices (Table 5.37).  

 

Figure 5.12 Participant 28 preparing an experimental plot for crop rotation trials 

Sub-research question 4.  

How can an agricultural extension approach be designed to incorporate Indigenous 

knowledge and culture? 

To explore the way in which the Extension for Sustainable Agricultural Development (ESAD) 

curriculum integrated scientific and Indigenous knowledge, several examples from the study 

are discussed below.  

Data from the semi-structured interviews identified that farmers maintained the traditional 

methods of adding crushed coral and seaweed (Section 5.3.1) as a method of improving soil 

fertility. The ESAD approach promoted the concept of applying natural materials by working 

with farmers to establish a natural farming manual (Appendix 9). The natural farming manual 

was presented in the National language of Bislama and provided methods of production using 

natural farming techniques, with a particular emphasis on utilising locally grown or easily 
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accessible and cheap materials. Indigenous knowledge and Western science included in the 

natural farming manual was evaluated using the nine questions further defined in Section 

2.6.1.5, being: 

1. Is it considered as valuable knowledge? 

2. Will this knowledge build community capacity? 

3. Does it support community aspirations? 

4. Will it promote sustainable practices? 

5. Will it promote experimentation and innovation? 

6. Does it build or maintain trust? 

7. Does it support gender neutrality? 

8. Does it fit within the realm of cultural or customary acceptance? 

9. Are there systems in place to deal with conflicts between the two forms of 

knowledge? 

The further purpose of the natural farming manual was to provide a useful reference for 

farmers both during and after the ESAD program, although not all participants had the literacy 

to access the natural farming manual due to low education attainments (see Section 5.2.1). 

Crop rotation was a part of 93% of participants’ farming practices (Table 5.11), however, the 

externalisation phase of this study found that there were some gaps in knowledge regarding 

the science of crop rotation, particularly the purpose of crop rotation and which crops rotate 

best with each other. With reduced fallow periods and 92% of participants noting a loss of 

soil fertility (Table 5.3), the ESAD facilitated discussions regarding the value of crop rotation 

to soil fertility crop, as well as providing scientific knowledge of methods of crop rotations. 

The ESAD approach facilitated discussions on soil management which also included taro plant 

spacing’s based on science and the value of the inclusion of cultural beliefs such as planting 

king taros42. The ESAD provided farmers with an opportunity to prepare garden beds, shown 

in Figure 5.12, and set up a small-scale rotation system using a root-fruit-leaf-legume rotation. 

Based on the ESAD workshop and Indigenous agricultural knowledge, participants selected 

various rotation systems with which experiment. It should be noted that due to the 

                                                      
42 A ‘king taro’ is planted at the top of each row of taro planted as Ni-Vanuatu kastom is that the king taro will 
promote an increase in the size of all taro planted in that particular row. 
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constraints of this study (personal time and personal cost) the ESAD finished before yield 

could be calculated and compared, and therefore it is suggested that in order to validate these 

findings, further research is required. 

The externalisation phase of the research identified a high consumption of white rice and a 

shift to cash crops, with traditional crops being planted in the least fertile soils, all of which 

may impact community health and therefore the ESAD facilitated the link between food 

nutrition and farmer health. The ESAD developed posters, charts and short videos (all in local 

language) comparing nutrient levels of traditional food crops against European food crops 

sold in various stores in the main township (sample provided in Appendix 5). The extension 

material clearly engaged participants as there was a lot of participant-to-participant 

discussion, and participants were genuinely surprised by the difference in nutrient levels. 

From these discussions, participants requested sessions on preparing and cooking some of 

the food plants, particularly some leafy greens as they had never considered consuming these 

(Appendix 7, Dataset 114), which demonstrated that entwining Indigenous knowledge and 

Western science can enhance learning. Due to time constraints this was unable to occur and 

it is a recommendation of this study that traditional food preparation be a part of future ESAD 

programs. 

5.7 Chapter summary 

This chapter of the thesis presented and discussed the research results of incorporating the 

Extension for Sustainable Agricultural Development (ESAD) approach to enhance sustainable 

agriculture among farmers on the island of Espiritu Santo, Vanuatu. The study results 

presented in this chapter show that the Indigenous smallholder farmers who participated in 

this study undertook practical experimentation (intercropping, border crops, crop rotations), 

made decisions based on observation (environmental indicators and weather patterns), and 

implemented dynamic farming practices (farmers developing terrace ponds). As the 

Indigenous knowledge systems identified in this chapter were dynamic, based on observation, 

and based on practical experimentation they are therefore, in scientific terms, tested and 

validated, and as such should be considered by extension agencies as applicable to extension 

projects.  
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In addition, this chapter presented examples of Indigenous knowledge which contribute to 

sustainability, climate adaption and food security, and should therefore be included in future 

ESAD projects.  

It was highlighted within this chapter the implicit link between Indigenous knowledge and 

kastom, and examples of kastom systems which support the principles of sustainable 

agriculture were presented. The results of this study show that the ESAD approach 

successfully entwined Indigenous knowledge and culture with Western science to facilitate 

learning. Results from the interviews, Table 5.37, show that farmers made some medium-

term changes to their agricultural practices. 

Limitations of the ESAD approach were identified in this chapter and include the following: 

• hierarchy and status resulted in some participants being limited in the amount of 

knowledge which they possessed and therefore shared; 

• participants of the community of practice often relied on the researcher for guidance 

and solutions to agricultural problems, rather than relying on knowledge shared; and 

• arranged meetings, interviews and communities of practice gave way to kastom, 

resulting in time heavy extension programs. 

This chapter (#5) expanded the overall study to include the context of Vanuatu and despite 

the limitations outlined above, the ESAD approach constructed a repository of Indigenous 

knowledge and culture which was used to enhance sustainable agriculture, however, further 

and more extensive research is required to find additional opportunities for improving 

sustainable agriculture. 
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Chapter 6 A Comparative Study of the ‘Transfer of 

Technology’ and the ‘Extension for Sustainable 

Agricultural Development Approach’ 

6.1 Introduction to Chapter 6 

Transfer of technology extension is a top down approach to technical assistance, is non-

participatory, leaves communities feeling disempowered, suppresses local organisations, and 

through the financial and technical incentives, creates a culture of dependency (Cavaye, 

2000). In contrast, the Extension for Sustainable Agricultural Development (ESAD) approach, 

as presented in the theoretical proposition (Section 2.6), offers an alternative extension 

approach which is farmer-centric, empowering, creates solutions to local agricultural 

problems, is bottom-up and has a focus on the long-term sustainability of local agriculture. 

The ESAD approach, tested through the research study outlined in Chapter 4 and Chapter 5, 

is a new approach to agricultural extension for developing countries and therefore its 

effectiveness needs to be compared to the current extension practices in developing 

countries. Literature highlights that current extension practices in developing countries 

continue to be the traditional transfer of technology approach, as evidenced by Greer (2008), 

Thapa (2010), Sitapai (2012), Rasheed (2012), Curtis (2013), Abdullah et al. (2014), Buyinza et 

al. (2015), Mossie and Meseret (2015) and Ragasa and Niu (2017). This comparison responds 

to the research question, as outlined in Section 1.3.1, as follows: 

Will the Extension for Sustainable Agricultural Development approach be more effective than 

traditional extension approaches and will it operate in varying contexts? 

To compare the effectiveness of the ESAD approach against the transfer of technology 

approach, the determinants of effective agricultural extension must first be established. A 

study by Ajayi and Okafar (2006) which sought to understand the effectiveness of 

participatory extension against Training and Visit extension identified eight features of 

effective agricultural extension. As the approach taken in the current research is similar to 

that of Ajayi and Okafar (2006), where bottom-up and top-down approaches were compared, 

the eight features that were identified by those authors are now used in this study. This 

chapter (#6) thus evaluates the ESAD approach against transfer of technology, using the eight 
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criteria of Ajay and Okafar (2006), as presented in Figure 6.2. Although Ajayi and Okafor 

(2006) originally identified 10 features (as cited in Abdullah et al., 2014), for the purposes of 

this research, three of the 10 features were grouped into one criteria as they all relate to the 

theme of adult education, as they are each fundamental to adult education (Jarvis, 2006; 

Knowles, 1970). The three features synthesised were: 

• researchers and extension agents should act as facilitators rather than teachers,  

• farmers learn best by self-experimentation, and 

• farmers should be central in decision making. 

Although each of the eight criterion interconnect, this chapter will discuss them 

independently. 

6.1 Introduction

6.3 Chapter Summary

6.2 Comparative features of an extension approach
6.2.1 Principles of adult education
6.2.2 Authentic partnerships
6.2.3 Bottom up approach to extension
6.2.4 Contextual learning
6.2.5 Knowledge and skill development
6.2.6 Experimentation
6.2.7 Problem solving and management
6.2.8 Promote new technologies

 

Figure 6. 1 Structure of Chapter 6 
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It must importantly be noted that the findings presented in this chapter were not derived 

from practically applying the transfer of technology approach, rather, it relied on qualitative 

and quantitative data from the numerous studies in extension literature. Whilst it would have 

been preferable to compare transfer of technology data which was generated from direct 

field research undertaken in this thesis, it was felt that transferring agricultural knowledge in 

such a non-participatory and top-down approach (Cavaye, 2000), simply to compare results, 

would be detrimental to developing a sound relationship with local communities and 

potentially create negativity toward this and any future extension research projects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 2 Features of an effective and engaging extension approach.  

Source: Adapted from Ajayi and Okafor, 2006. 
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6.2 Features for effective and engaging agricultural extension 

In order to evaluating the ESAD model against the transfer of technology approach for 

agricultural extension, this study used eight criteria identified by Ajay and Okafar (2006), as 

presented in Figure 6.2, which include: principles of adult education; authentic partnership; 

bottom-up participatory; contextual learning; community mobilisation; problem solving and 

management; experimentation; and new technologies. 

Criterion 1: Principles of adult education 

The first criteria against which the two approaches (the ESAD and transfer of technology) are 

compared is adult learning (Figure 6.2). Agricultural extension is delivered primarily to adult 

learners (predominately farmers), and extension officers should have a sound understanding 

of the principles of adult learning. Theories around adult education have been evolving for 

almost 80 years (see for example Dewey, 1938; Knowles, 1970; Cross, 1981; Kolb, 1984; 

Mezirow, 1991; Candy, 1991) and much has been written, but for the purpose of comparing 

the two approaches examined in this Chapter (#6), four philosophies of adult education have 

been selected. These philosophies are andragogy (Knowles, 1970), transformative learning 

(Freire, 1970; Mezirow, 1991), learning for development (Nyerere, 1976) and knowledge 

diffusion (Kasworm, 2011).  

Knowles (1970) and Mezirow (1991) have been cited over 11,300 and 9,000 times 

respectively, whilst Nyerere’s (1976) ideas on education for liberation and development led 

to Nyerere being described as one of Africa’s great postcolonial thinkers (Mulenga, 2001). The 

concepts of knowledge diffusion presented by Kasworm (2011) shifts from tradition to 

applied knowledge models, where the new era in extension is “not about expertise; it is about 

reinventing the learner’s understanding” (p.106). Kasworm (2011) suggests adult learning 

should focus on self-directed learning and knowledge creation through reflective thinking 

engagement and knowledge sharing. The key principles of Knowles, Freire, Mezirow and 

Nyerere and Kasworm are presented in Table 6.1. 

The remainder of this section (Section 6.2.1) applies the key principles outlined in Table 6.1 

to compare the Extension for Sustainable Agricultural Development (ESAD) approach with the 

transfer of technology approach. 
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Table 6. 1 Philosophies and key principles of adult education 

Source Philosophy Key principle/s 

Knowles (1970) Andragogy • Self-directed learning 

• Connection to the learner 

experience 

• Readiness to learn 

• Orientation to learning 

• Motivation to learn 

Freire (1970) 

Mezirow (1991) 

Transformative learning • Consciousness raising 

• Critical reflection 

Nyerere (1976) Learning for development • Farmer-centric 

Kasworm (2011) Knowledge diffusion • Self-directed 

• Knowledge sharing 

• Knowledge creation 

6.2.1.1 Key Principles of andragogy 

This section compares the ESAD approach to the transfer of technology approach within the 

principle of adult education (andragogy). Due to the word limitations of this thesis, the 

breadth of comparisons are limited. 

Self-directed learning: As a principle of andragogy, as presented by Knowles (1970), self-

directed learning is a core element of adult education. Self-directed learning was 

incorporated into the ESAD approach by using communities of practice (refer to Section 4.4.2 

and Section 5.6). The communities of practice guided the learning process, whereby 

participants established common agricultural issues which they wanted the ESAD proram to 

target (for example, Table 5.24). In contrast, transfer of technology approaches, such as the 

Training and Visit approach, rarely include the farmers in the learning process; in fact Abbas 

et al. (2009) highlighted that projects in Pakistan which used transfer of technology 

approaches were geared to ‘control rather than to create understanding’ (p.6), offering only 

top-down instruction which did not provide opportunity for self-directed learning. Therefore, 

agricultural extension projects which seek to promote self-directed learning may consider the 

ESAD as an appropriate approach. 



238 
 

 
 

Connection to the learner experience: The ESAD approach integrates farmer prior knowledge 

with science, in doing so, a connection is made between the learner’s experience and the 

extension program. Using prior knowledge to create new knowledge, learners made 

connections which assisted in their understanding and application of the new knowledge (see, 

for example, the changed practices in Table 4.29 and Table 5.37). In contrast, linear transfer 

of technology projects rarely include prior knowledge. In fact, of 4,401 natural resource 

projects examined by Blaikie et al. (1997), only 1.1% included local knowledge. Blaikie 

suggested this was due to the top down approach which failed to consider local and 

Indigenous knowledge. By not connecting to local or Indigenous knowledge, extension 

projects are not providing an opportunity to connect to the learners’ experience, as the 

learners experience in the context of Indigenous farmers is Indigenous knowledge. Therefore, 

agricultural extension projects which seek to enhance connection to learners’ prior 

knowledge and experience, may consider the ESAD as an appropriate extension approach. 

Readiness to learn: The learning program of the ESAD approach was developed 

collaboratively with the learner (farmer), therefore it was applied more willingly by the 

learner (for example, the development of the natural fertiliser, inclusion of compost and 

mulching into the agricultural system, as described in Chapters four and five).  

Purnomo and Lee (2010) undertook a study to determine barriers to the uptake of 

information and communications technology (ICT) in Indonesian agriculture, and investigated 

agricultural extension officers’ perceptions of barriers to the implementation of ICT. In 

contrast to the ESAD approach, data gathered from 312 Indonesian extension officers 

concluded that the extension officers perceived that it was the farmer who was not ready to 

learn and implement ICT, whereas the extension officers themselves need to be the catalysts 

in empowering farmer uptake of ICT (Purnomo & Lee, 2010). If extension officers are unable 

to empower farmers in readiness to learn, then extension will be limited. Therefore, 

agricultural extension projects which seek to incorporate learner readiness thus improving 

effectiveness, may consider the ESAD as an alternative to the transfer of technology 

approach. 

Orientation to learning: The ESAD created learning opportunities which were based on local 

problems such as soil fertility and pest management (see Section 4.4.2). Whilst transfer of 
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technology approaches may attempt to address local needs, a top-down approach often fails 

to consult the farmer, making local needs difficult to identify; for instance, Lado (1998) found 

that a top-down bio-intensive garden project in Sudan resulted in low uptake due to poor 

community consultation. Supporting this, Leeuwis (2013) states that extension should 

encompass a generative dimension that produces change to meet the farmer’s needs and 

wants. The ESAD approach offers a more effective approach as it works with farmers to 

identify the contextual needs and issues and hence improves farmer uptake, as evidenced in 

Chapters four and five. 

Motivation to learn: The ESAD approach was based on the pillars of social, economic and 

environmental sustainable development (Figure 4.13). By exploring these concepts, learners 

made connections integral to internal and external motivations, and therefore were 

motivated learners, as demonstrated by changed practices (Table 4.29 and Table 5.37). In 

comparison, transfer of technology fails to align the outcomes of the extension program with 

the expectations of the farmer; this leads to a disconnection between farmers and extension 

officers, resulting in low levels of farmer motivation. In a study of top down extension 

programs in Benin, Moumouni and Streiffeler (2010) referred to the lack of farmer 

participation as ‘motivation diversion’, which occurred when “the farmer gets the impression 

that the strategies and target of the service organisation didn’t fit well’ and that ‘top down 

decision making ….served motivation diversion” (p. 55). Farmer motivation is an essential 

facet of change, and transfer of technology fails to motivate farmers to learn, in contrast the 

ESAD approach facilitated the connection of motivation to practical change (evidenced in 

Table 4.29 and Table 5.37), making it a more effective approach. 

6.2.1.2 Key principles of transformative learning 

Consciousness raising: The ESAD approach focused on social, economic and environmental 

actions which worked toward enhancing the sustainability of local agriculture and it 

emphasised the role of the farmer in the production systems, as in the kastom calendar (see, 

for example, Table 5.13). In contrast, transfer of technology approaches, such as those 

examined by Carolan (2006) in Iowa (USA), were not local or mutable, rather they were 

unidirectional, universalistic and lacked opportunities for farmers to question alternative 

practices.  Carolan (2006) noted that this approach to agricultural extension views chemical 
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companies as agricultural innovators who promote ‘the cognitive authority of science’ (p. 

331). Such a system, whereby science is the authority, removes the farmer from the 

production system (except, for example, to operate the spray boom) and devalues farmer 

knowledge.  Such linear transfer of technology approaches to agricultural extension threatens 

sustainable agriculture as it inhibits a farmer’s awareness of the impacts of farming practices 

on local social and environmental issues (Ison, 1990). Whilst it is still the farmer’s choice to 

apply, or not, the agricultural chemical, the history of the green revolution has resulted in a 

reliance on agricultural chemicals for many farmers, which in part is a result of the transfer of 

technology approach to extension, as this approach rarely provides an opportunity for farmer 

input. Therefore, for consciousness raising in transformative learning, the ESAD may be more 

effective than transfer of technology. 

Critical reflection: The ESAD approach provides opportunity for critical reflection, not only at 

the end of the program, but throughout the learning process (see Table 2.9). In contrast, 

linear projects, such as transfer of technology, fail to provide opportunities for farmers to 

interact or reflect, as a farmer explains from a New Zealand transfer of technology project to 

combat potato aphids, “well [the scientist] did it all, basically I didn’t do it, I [just] provided 

the place” (McEntee, 2013). With such minimal input, there would be few opportunities for 

critical reflection, which is an essential principle of adult education. Future extension 

programs which seek to enhance farmer learning through critical reflection should consider 

the ESAD approach, as the ESAD was more effective in providing learning through critical 

reflection than the transfer of technology approach, as presented in Chapter four and five. 

6.2.1.3 Key principles of learning for development 

Farmer-centric: A key philosophy of the ESAD approach was that farmers were at the centre 

of all learning, as outlined in the theoretical proposition (Section 2.6). The ESAD was farmer-

centric as it incorporated communities of practice (example Section 4.4.2), Indigenous 

knowledge and Indigenous culture (for example, Section 5.3), and prioritised farmer driven 

agricultural issues (such as soil management). Creating a farmer-centric process resulted in 

significant medium-term uptake of sustainable agricultural practices (Table 4.29 and Table 

5.37). In contrast, extension approaches which focus on technology dissemination often fail 

to engage with small holder farmers. For example, Muneer (2014) found that transfer of 
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technology extension to farmers in Saudi Arabia reached only those farmers who were pro-

progressive, that is, those who were most likely to implement the technology, and thus the 

extension agency/officer reports positive farmer uptake and fulfills project outcomes. 

Extension to pro-progressive farmers does not improve agricultural development, as Muneer 

(2014) also found that the technology uptake of smallholders was minimal in Saudi Arabia as 

the development of the technology did not align with farmer wants or needs, nor did it align 

with farmer access to technology. Extension projects which seek to improve farmer uptake 

through a farmer-centric approach should consider the ESAD approach as the ESAD approach 

is more effective in providing a farmer-centric framework (such as through communities of 

practice, Section 5.5) than the transfer of technology approach.  

6.2.1.4 Knowledge diffusion 

Knowledge and skill development:  While the transfer of technology approach has been 

demonstrated to be an efficient method of providing technical knowledge and skills 

development in some studies, the limitations associated with the approach restrict its ability 

to align with local agricultural issues. Okunade (2007) examined the effectiveness of 

extension approaches in acquiring skills and knowledge among women farmers in Nigeria. 

Okunade (2007) used a four-point Likert scale for participants to rank effectiveness of 

extension approaches. The Nigerian study found that individual contact and mass media 

were successful in providing knowledge, and group contact and practical demonstration 

ranked highest in farmers acquiring skills. It was concluded that traditional extension 

approaches, such as transfer of technology, was effective in providing knowledge and skills 

to farmers.  

However, whilst it is acknowledged that the transfer of technology approach is effective in 

knowledge and skill development, Carney (1998) suggests that the problem of farmer uptake 

is not in the traditional extension approach’s ability to provide skills and knowledge to 

farmers, but its inability to meet farmer needs and wants. As previously described, transfer 

of technology is a linear approach, as there are no feedback loops to transmit farmer wants 

and needs back through the research and design phases of an extension project, which can 

lead to farmers being treated and seen as ignorant and in need of modernisation (Carney, 

1998). If Carney (1998) is correct, farmer uptake will be improved when extension projects 
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provide skills and knowledge which are in alignment with farmer wants and needs through 

feedback loops, and therefore enhancing community knowledge assets. 

The ESAD approach implemented feedback loops (Figure 6.3) which added to its effectiveness 

in knowledge and skill development. The current study found that, in both PNG and Vanuatu, 

knowledge (for example, climate change) and skills (for example, pH testing) learnt in the 

ESAD were being implemented by farmers after the ESAD program (Table 4.29 and Table 5.37 

respectively), highlighting the success of the ESAD approach in the development of knowledge 

and skills which met farmer needs and wants. 

6.2.2 Criterion 2: Authentic partnerships 

The second criteria against which the two approaches (the ESAD and transfer of technology) 

are compared is authentic partnerships (Figure 6.2). Collaborative and democratic 

partnerships between government, non-government, extension officers, researchers and 

farmers are of critical importance for facilitating farmer engagement and learning. Heffernan 

and Poole (2005) suggest that there are three elements fundamental to authentic 

partnerships: mutual trust, communication and commitment, each of which are explored 

below. 

6.2.2.1 Mutual trust 

Traditionally, extension officers disseminated technology and information to receptive 

farmers. Today, even the once-receptive farmers are sceptical about the claims made by 

extension officers and the credibility of the officers is often questioned and trust is being lost 

(Cole & Fernando, 2012; Fulton et al., 2003). The lack of trust between extension officers and 

farmers can be attributed to the transfer of technology approach’s failure to recognise the 

knowledge base of farmers (Mwangi, 1998; Vanclay, 2004). In shifting towards more 

sustainable farming practices, trust is an essential factor because the short-term benefits of 

alternative agricultural practices are often less apparent than transfer of technology driven 

conventional agricultural practices. Alternative agricultural practices, such as those derived 

from the ESAD (composting, mulching, natural pest management), offer long term 

advantages and sustainable benefits of improved levels of beneficial soil biota, enhanced 
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pollination and a reduction in chemicals leaching into the water table (UNEP, 2016), to name 

a few.  

Village Knowledge Assets

•Indigenous knowledge

•Western knowledge

• Indigenous Culture

•New/created knowledge
Codification

Internalisation through the
Sustainable Agriculture 
Learning Framework

Socialisation through 
Community of Practice

Externalisation through 
ethnography

 

Figure 6. 3 Feedback systems of the ESAD approach to enhance community knowledge 

assets 

An insufficient understanding of the local context by extension staff and farmer and distrust 

of Western science explains the low adoption rates of agricultural practices and technologies 

(Verlinden & Daycot 2005). As a part of a wider investigation, McEntee (2013) explored the 

reasons for a failed squash (Cucurbitaceae) project established between scientists and 

farmers. McEntee highlights that, due to the technically complicated nature of the science, 

collaboration between the scientists and the farmers was limited, creating a lack of trust. 

Although farmers were willing to adopt simple technologies, such as a new spray, they were 

not willing to alter their farm management practices based only on the suggestion of 

scientists. The end result was that the farmers withdrew their support for the research and 

the technology was never adopted by the farmers. In contrast, the integration of Indigenous 
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knowledge in the ESAD approach ensured that the language and science was not complicated 

and easy for participants to understand, resulting in adoption of sustainable agricultural 

practices (see Table 4.29 and Table 5.37). 

The ESAD approach recognised the need for trust (established through the literature review) 

and, in this study, maintained trust by using social networks to facilitate the sharing of new 

and existing knowledge. The social negotiation and shared responsibilities were designed to 

provide a sense of ownership of agricultural knowledge. Whilst farmers trusted the ESAD 

process, as evidenced by the willingness to share Indigenous knowledge and culture (see 

Section 4.2.3, Section 5.3 and Section 5.4), it was found in the PNG study that farmers from 

the same community were distrusting of each other, and this negatively impacted the sharing 

of agricultural knowledge (Section 4.4.2). However, the community of practice in PNG 

facilitated the establishment of a farmer cooperative (Section 4.4.2) with the expectation that 

trust would improve with time, however, any follow-up research fell outside the scope of this 

study and therefore more research needs to be done in this area. 

6.2.2.2 Communication 

To establish solutions to complex sustainability problems, communication among 

stakeholders is essential (McEntee, 2013). Agricultural sustainability is therefore constrained 

if transfer of technology approach is used in extension projects. Transfer of technology 

employs paternalistic unidirectional communication, that is, there are no feedback loops (as 

explored in Section 2.3.2). A lack of feedback from farmer to the extension officer and 

or/researcher has the potential to result in agricultural technologies and practices which lack 

relevance (van de Fliert & Braun, 2002).  

In contrast, the ESAD improved communication by acknowledging and valuing farmer 

behaviour, farmer knowledge, farmer culture and agricultural practices. The ESAD 

incorporated multidirectional communication, both formal - through data and experiment - 

and informal - through observation and cultural stories. The ESAD approach provided 

continuous multidirectional communication (see Figure 5.10), with each mode of the ESAD 

approach, as described below:  
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1. Using the platform of a community of practice provided a space (church/meeting 

space/farm), facilitator (church pastor/farmer) and purpose (to improve sustainable 

agriculture) to enhance the social farmer-to-farmer communication, which all fed into 

the externalisation, codification and internalisation modes of the ESAD. 

2. Through participant observations, apprentice observations and semi-structured 

interviews, the externalisation mode of the ESAD provided opportunities for farmer-

to-researcher and farmer-to-extension officer communication, which then fed in to 

the codification, internalisation and socialisation modes through a feedback loop 

(Figure 5.10). 

3. The internalisation mode of the ESAD which, through the implementation of the 

Sustainable Agriculture Learning Framework (SALF), enhanced communication: 

researcher-to-farmer and extension officer-to-farmer (for example, establishing 

natural farming manual). 

Commitment 

Within many developing countries, agricultural extension programs are often driven by 

government policy targeting, for example, a national increased yield or expansion of export 

markets. Policy driven extension often results in the accountability of extension performance 

resting with the government and not with the farmers (Rivera & Zijp, 2002) meaning that 

commitment to the project from the government or NGO is high but from the farmer it is low. 

The ESAD approach in PNG and Vanuatu shifted the accountability to the farmers, which in 

turn led to an increased commitment from the farmers to the projects. The ESAD approach 

achieved this in a number of ways, including: 

• clear identification of agricultural problems through communities of practice (eg soil 

management, intercopping, compost, mulching (see, for example from Vanuatu, Table 

5.24); 

• developing an ‘in-community’ project whereby all facets of the project are within or 

in close proximity to, the local village (for example, the experimental field plots in 

Vanuatu as shown in Figure 5.12); and 

• farmers were required to invest their time into recording and explaining Indigenous 

knowledge (for example, the semi-structured interviews in PNG - Section 4.2.3). 
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Extension projects reliant on the transfer of technology approach can fail to gain commitment 

from farmers, as evident in an investigation into the commitment to an agricultural project 

by farmers in Peru, where an extension project offered incentives to Indigenous farmers to 

rebuild and rehabilitate ancient raised fields and adapt them to their agricultural practices 

(Swartley, 2002). Although the project included Indigenous knowledge and farmers were 

initially impressed by the yields, they lacked commitment and abandoned the practice once 

incentives (financial) were withdrawn. Swartley’s investigation found that Indigenous farmers 

failed to commit to the project as the goals and outcomes of the project were designed by 

the researchers rather than developed and owned by the farmers they were working with. In 

contrast, the ESAD approach is farmer-centric and as demonstrated above, resulted in the 

farmers designing and owning the project, resulting in uptake of practices (see Table 4.29 and 

Table 5.37). 

6.2.3 Criterion 3: Bottom-up approach to extension 

The third criteria against which the two approaches (the ESAD and transfer of technology) are 

compared is the ability to provide a bottom-up approach to extension (Figure 6.2). The 

transfer of technology approach to agricultural extension is a vehicle to transfer technologies 

from the researcher to the extension officer and then to the farmer (van de Fliert, 2003). In 

contrast, the ESAD approach hinges on the farmer rather than on the extension officer. The 

first step to achieving a bottom-up approach was the establishment of a community of 

practice (as described in Section 3.6). The community of practice allowed farmers to share 

tacit knowledge (for example Section 4.2.3 and Appendix 4), explore their agricultural needs 

(Table 5.24) and create new knowledge through posters and farming manuals (sample shown 

in Appendix 5 and Appendix 9). 

However, despite the advantages of the ESAD, there were some limitations to the study in 

regard to having a bottom-up approach. The continuous farmer consultation of the ESAD 

approach increased the workload on all stakeholders. Continuous consultation required 

regular meetings with farmers, in addition to the workshops in which farmers were already 

participating. However, ceremonies, funerals and farm activities meant that it was often 

difficult to meet with farmers outside the workshop times.  As farmers expected extension 
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officers to simply deliver a technology, it took some time before farmers understood their 

role in the process and this inhibited the extent to which the ESAD approach could develop.  

Transfer of technology has been criticised for failing to meet farmer’s needs (van de Fliert, 

2003), yet transfer of technology continues to be the preferred practice in many developing 

countries as evidenced by Greer (2008), Thapa (2010), Sitapai (2012), Rasheed (2012), Curtis 

(2013), Abdullah et al. (2014), Buyinza et al. (2015), Mossie and Meseret (2015) and Ragasa 

and Niu (2017). A review of top-down extension projects in the North-West Province of South 

Africa found that out of 120 project participants, only 5% reported that all their needs were 

met, and 41% of participants surveyed responded that their needs were either slightly or not 

met at all (Matiwane & Terblanche, 2012). These authors identified that the extension 

content of these projects derived from political motivations and/or departmental goals with 

little, if any, participatory evaluation of community needs. Put simply, they were all linear top-

down transfer of technology projects which an examination of the literature has shown to 

provide poor outcomes for farmers. Extension agencies which seek to implement bottom-up 

and participatory extension projects should consider the implementation of the ESAD 

approach as it has been evidenced in this study to be more effective than transfer of 

technology. 

6.2.4 Criterion 4: Contextual learning 

The fourth criteria against which the two approaches (the ESAD and transfer of technology) 

are compared is contextual learning (Figure 6.2). Individuals learn best when constructing 

meaning within their environment; this is referred to as contextual learning (Imel, 2000).  To 

enhance contextual learning the ESAD approach incorporated the ‘communities of practice’ 

method, during which local agricultural issues were identified, and ideas to address these 

issues were discussed. In PNG and Vanuatu, the common agricultural issues were soil 

management and pest management. The ESAD approach used Indigenous knowledge, 

Indigenous culture and Western science to create contextual learning activities which sought 

to address agricultural issues identified by each community of practice. Facilitation of the 

ESAD approach was conducted within the villages and used community garden plots to 

explore potential solutions to local agricultural problems. The ESAD used local knowledge and 

Indigenous technologies where other technologies were either too expensive or not available 
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to the farmers, for example, the ESAD approach identified methods to use natural and local 

materials for natural pesticides and fertilisers43 (as shown in Figure 5.11 and Appendix 9). 

Transfer of technology extension projects often lack contextual learning curricula. As an 

example, the National Agricultural Advisory Services (NAADS) project of Uganda was 

established by an Act of Parliament in 2001 to address the lack of agricultural information and 

improve technology and knowledge among rural farmers of Uganda (National Agricultural 

Advisory Services, n.d). However, the extension project received nation-wide criticism and 

was perceived as a non-performing project (Kyambadde, n.d). A review of the NAADS project 

found that it was governed by a transfer of technology approach and instead of using field 

based hands-on learning relevant to farmers, the NAADS project emphasised classroom based 

training which farmers deliberately dodged due to the lack of local context for training 

(Kyambadde, n.d). In fact, an Auditor General’s report found that between 2006-2009, 63% 

of the money allocated for the NAADS was directed into classroom-based activities which 

farmers did not attend (Kyambadde, n.d). This example demonstrates the lack of 

effectiveness in transfer of technology offering contextual learning. Therefore, extension 

projects seeking contextual learning may be more effective through the implementation of 

the ESAD approach. 

6.2.5 Criterion 5: Community mobilisation 

The fifth criteria against which the two approaches (the ESAD and transfer of technology) are 

compared is community mobilisation (Figure 6.2). Local communities are rarely involved in 

key decision-making powers and processes (Tobin, 1999), yet according to Kaufman and 

Alfonso (1997) “the community is one of several critical loci of organisational change” (p. 10). 

Community mobilisation provides the vehicle for the community to be involved in change and 

occurs when people come together to take action on a specific issue (Watson-Thompson et 

al., 2008). Community mobilisation starts with an action plan for a local problem, where the 

community is then facilitated to formulate a community action plan, and key stakeholders at 

                                                      
43 It should be noted that the impact which these approaches had soil fertility and pest management was not 
included in this study. 
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higher levels are then mobilised to support the community in implementing their plan 

(Kubiriba et al., 2012). 

In order to promote community mobilisation, the ESAD approach, through communities of 

practice, provided opportunities for the community to meet together to discuss agricultural 

issues which had the potential to change the way in which the community practises 

agriculture. The community of practice were facilitated by village elders and pastors, and 

learning was guided by the internalisation mode (see Section 2.6.1.5). Study results show that 

participation in the ESAD program resulted in medium-term changed practices such as 

composting, mulching, pest management (Table 4.29 - PNG and Table 5.37 - Vanuatu), which 

have the potential for enhanced sustainability of the local agricultural systems. While this 

particular research study was not designed to collect data on community mobilisation, the 

rates of participation in SALF workshops (Section 3.9.2), community interest in the 

experimental plots (Section 5.6) and the involvement of community leaders may suggest that 

community mobilisation was achieved.   

In contrast, literature highlights the lack of capacity that the transfer of technology approach 

has regarding community mobilisation. As an example, Sharma (2002) undertook a review of 

transfer of technology projects in India and determined that transfer of technology projects 

failed to promote community mobilisation due to the lack of farmer involvement, and their 

linear information flow. Sharma (2002) suggests that extension which involves farmers needs 

to shift from a top-down approach to a bottom-up approach, as this will “generate a demand 

for information, technology and management techniques” and create community 

mobilisation (p. 3127). Extension projects seeking effective community mobilisation should 

consider applying the ESAD approach. 

6.2.6 Criterion 6:  Problem solving and management 

The sixth criteria against which the two approaches (the ESAD and transfer of technology) are 

compared is problem solving and management (Figure 6.2). Indigenous people solve 

problems through observation and practical experimentation, and often incorporate cultural 

systems to manage agricultural or environmental issues (Antweiler, 2004; Ellen & Harris, 

1996). The ESAD approach entwined Indigenous knowledge and Indigenous culture with 
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science, and this created a sense of pride among farmers who often perceived that their 

knowledge was of little value when compared to Western knowledge (Section 4.2.3). The 

ESAD approached agricultural problems by facilitating farmers in implementing Western 

methods of experimentation for example setting a control plot, monitoring, measuring and 

recording data, whilst still allowing for cultural adoption (for example, the inclusion of a ‘king 

taro’ at the top of each row in a taro trial, see Section 5.6).  

The transfer of technology approach does not promote problem solving, as evidenced by 

Sharma (2002), who describes the transfer of technology approach in India as being “well 

suited to the rapid dissemination of pre-set agronomic practices for the high yielding wheat 

and rice varieties, [but] failed to respond to more location specific, risk-prone agriculture” (p. 

3125). Sharma’s study of Indian transfer of technology extension found that the lack of 

effective feedback systems within the transfer of technology approach failed to link 

agricultural issues with research and extension organisations. Sharma concluded that 

extension officers in India were no longer seen as the expert, rather “the Indigenous technical 

knowledge of farmers and their ingenuity, individually and collectively, are recognised as a 

major source and solution to local problems” (p.3126), highlighting that the linear transfer of 

technology fails to establish appropriate farmer-driven solutions to local problems. 

Agricultural extension projects which seek to improve farmer learning through effective 

problem solving should consider the application of the ESAD approach. 

6.2.7 Criterion 7: Experimentation 

The seventh criteria against which the two approaches (the ESAD and transfer of technology) 

are compared is experimentation (Figure 6.2). A philosophy of the ESAD was to provide 

opportunities for farmers to learn through experimentation (Table 2.9). An example of the 

ESAD approach implementing experimentation was facilitating learning about soil 

management. A common agricultural issue among farmers at both PNG and Vanuatu ESAD 

trial sites, was declining soil fertility (Table 4.7 & Table 5.3). Methods of soil management 

were explored and farmers selected the systems they wanted to trial. Crop beds were set up 

by farmers (see for example Figure 4.15 and Figure 5.12) and different techniques of soil 

management were established, including mulching, composting, raised beds, flat beds, 

draining system design and natural fertilisers such as manures, fermented fruit juice, etc. 
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Farmers were involved in the soil management trials (see Section 4.4.2 and Section 5.6) and 

the experimentation phase promoted discussions around other types of trials (such as a 

banana trial which used a manure and compost mix)44. 

In contrast to this, the research and experiment phases of traditional transfer of technology 

extension approaches occur at the institutional end and rarely, if ever, involve the end users 

(van de Fliert, 2003). Transfer of technology is constructed on the notion of superiority of 

scientific theory and technology (Chambers, 1986) and fails to recognise the thousands of 

years of observation and practice upon which Indigenous knowledge has been constructed 

on. Farmer experimentation is an essential element for improved sustainable agricultural 

(Akpo, Crane, Vissoh & Tossou, 2015), thus an extension project which fails to promote farmer 

experimentation is unlikely to improve sustainable agriculture. Within the ESAD approach, 

experimentation was a key principle (see the principles of the SALF, Table 2.9) and extension 

projects seeking to enhance sustainable agriculture may have improved outcomes by 

implementing the ESAD approach, as was the case in this study (see Table 4.29 and Table 

5.37).  

6.2.8 Criterion 8: Promote new technologies 

The eighth criteria against which the two approaches (the ESAD and transfer of technology) 

are compared is the promotion of new technologies. Upon commencement of the ESAD 

program in Vanuatu the question was asked “What have you brought to give to the 

community, machinery, seeds or hand tools?’’ (Section 5.6). When asked why it was thought 

that they would receive such items, participants explained that they had heard that it was 

common for extension officers to supply villages with new technologies, and they themselves 

could not pay for any new technologies. The ESAD approached the promotion of new 

technologies from a different perspective. By integrating traditional practices with science 

and technology, the ESAD provided farmers with technologies that were cost effective and 

enhanced both sustainability and profitability of the farm. For example, the ESAD approach 

integrated Indigenous knowledge and science to establish the natural farming manual 

                                                      
44 It must be noted that due to the constraints of this study (personal time and personal cost) the ESAD project 
finished before yield could be calculated and compared, and therefore it is suggested that in order to validate 
these findings, further research is required 
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(Appendix 9). This manual presented natural farming recipes using cheap and readily available 

local materials (such as fermented fruit and fish carcasses45) to provided farmers with a 

technology they understood and it was low cost and promoted improved soil fertility. The 

ESAD approach aimed to improve farmer uptake of new technology by ensuring the new 

technology was easy to use, cheap and accessible and did not conflict with the needs and 

aspirations of the community. 

In contrast to this, the transfer of technology can fail to achieve high technology uptake rates 

among farmers, as evidenced by Moussa (2002) who found that despite the billions of dollars 

being poured into agricultural development in Africa, little has been achieved. In fact, any 

uptake has been has primarily by large scale and progressive farmers, whom the extension 

officers favoured, as explained by Rogers (1995, p.128-129) 

Development agencies tend to provide assistance especially to their innovative, 

wealthy, educated, and information-seeking clients. Following this progressive, or 

('easy to convince') diffusion strategy leads to a lower degree of equality. For example, 

more progressive farmers are eager for new ideas, and have the economic means to 

adopt; they can also more easily obtain credit if they need it. Because they have larger 

farms, the direct effect of their adoption on total agricultural production is also 

greater. 

Transfer of technology may result in ineffective technologies as it rarely includes farmer 

knowledge or farmer input. For example, a review of a System of Rice Intensification project 

in Madagascar found that despite being a low external-input sustainable system with the 

potential to triple rice yields for smallholder farmers, adoption rates were low and dis-

adoption rates (those who tried it and no longer practise it) was above 40% (Moser & Barrett, 

2003). The lack of adoption rates of the System of Rice Intensification program was not 

because farmers were resistant to the technology, but simply investement in SRI was at a time 

when poorer farmers had the least amount of both cash and rice, and needed to undertake 

off-farm work to satisfy immediate food requirements (Moser & Barrett, 2003). Effective 

uptake of agricultural technologies requires an extension approach which is contextual, 

                                                      
45 Fish carcasses were only applied in the Vanuatu context, as access to fish by PNG farmers was limited. 
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allows for farmer input and meets the needs and aspirations of farmers, and thus extension 

projects could consider the ESAD approach. 

6.3 Chapter summary 

The Extension for Sustainable Agricultural Development (ESAD) approach to agricultural 

extension was applied at two study sites, Papua New Guinea and Vanuatu, as outlined in 

Chapter 4 and Chapter 5 respectively. The purpose of this chapter (#6) was to compare the 

effectiveness of the ESAD approach against the transfer of technology across eight criteria to 

assess effective extension, as shown in Figure 6.2.   

The evidence presented in this chapter showed that the agricultural extension approach of 

transfer of technology may lead to failure or only partial success of agricultural development 

as it neglects to incorporate the philosophies of adult education, does not offer authentic 

partnerships to all participants, offers only top down linear communication, often lacks 

context and does little in the way of promoting community level problem solving and 

experimentation. In contrast, the ESAD approach may be considered successful within the 

small-scale studies undertaken, particularly when compared to the outcomes of the transfer 

of technology projects described in this chapter. The ESAD approach shifts the responsibility 

and ownership of problem solving to the farmers, whereby they become researchers, 

invoking curiosity, testing technology, sharing knowledge and creating new knowledge, and 

the role of the extension officer shifts from teacher to facilitator. 
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Chapter 7 Conclusion and recommendations 

7.1 Introduction 

It has been the purpose of this thesis to better understand the ways in which agricultural 

extension can enhance agricultural sustainability. The traditional transfer of technology 

approach, which continues to be the primary extension method in developing countries, is a 

top-down approach which fails to value the prior knowledge of farmers, lacks context and 

rarely meets the needs and aspirations of the farmers and their local community. The 

theoretical proposition presented in Section 2.6 provided an alternative approach to 

agricultural extension, the Extension for Sustainable Agricultural Development (ESAD) 

approach. The ESAD approach is based on the philosophies and practices of adult education 

and knowledge management and is bottom-up, participatory, and values prior knowledge. 

The ESAD approach was trialled in two study sites varying in context, the highlands of Papua 

New Guinea and the island of Espiritu Santo, Vanuatu. The study incorporated semi-

structured interviews, observations and surveys, resulting in 383 data-sets. The data was 

analysed using either thematic analysis or statistical analysis. The findings presented in this 

thesis were divided into two chapters, representing the two study sites: Chapter 4 described 

the study in the context of the Papua New Guinea and Chapter 5 described the study in the 

context of Vanuatu. Chapter 6 of this thesis then compared the ESAD approach against the 

transfer of technology approach using data gained from the two study sites and literature. 

Whilst the findings of this study have been presented throughout this thesis, this chapter (#7) 

describes the implications that this research has on theory, methodology and practice. 

Chapter seven also provides suggestions for further research and presents an overall 

summary. 

7.2 Implications and recommendations 

7.2.1 Implications and recommendation for theory 

In response to the research question, findings have been identified from the field work and 

this has been supported by an examination of the literature. An implication for theory was 

the loss of Indigenous knowledge due to its devaluation by Indigenous farmers. It was noted 

in the literature review, and supported by evidence from this research, that Indigenous 
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knowledge may provide as much understanding of nature as is stored in the libraries of 

modern science and that a loss of Indigenous knowledge can result in unsustainable 

agricultural practices, reduction in biodiversity, food insecurity and a lack of diet diversity 

which may result in micronutrient deficiencies. Whilst literature values Indigenous 

knowledge, the research study found that many participants in the PNG study did not value 

Indigenous knowledge, and in fact, the participants viewed Indigenous knowledge as 

backward, referring to those who use it by the derogatory term kanakas. However, the study 

also found the participants in Vanuatu highly valued Indigenous knowledge. Such variance in 

the way Indigenous knowledge is valued is an important consideration in both theory and 

practice. Whilst the value of Indigenous knowledge is theoretically implied, the practice does 

not always align, as was the case in Papua New Guinea. However, whilst the perception 

among farmers in PNG that Indigenous knowledge is backward, it is imperative that for 

broader understanding, application and benefit, efforts should be made to ensure that 

Indigenous knowledge is understood and recorded, as was done during the ESAD project, 

otherwise 10,000 years of Indigenous agricultural knowledge may be lost.  

A further implication for theory is the inclusion of prior knowledge in agricultural extension. 

This research found that access to prior knowledge of Indigenous farmers in Vanuatu and PNG 

was limited. Access was constrained by the cultural connectedness, that is, the level of access 

to Indigenous knowledge was dependent on the participants’ cultural status within the 

community. As an example, the Indigenous knowledge possessed by a village Chief in Vanuatu 

was only shared between the Chiefs of other villages or those who gain or have a similar status 

in the village. Within this study the researcher was only privy to knowledge and practices 

which were generally known by all village members, and in order to access deeper and richer 

Indigenous knowledge, one would be required to undergo ceremonial stages (such as a pig 

killing ceremony in Vanuatu), however, this would generally only be available to members of 

the village. Studies found in the literature mostly argued that Indigenous knowledge should 

be preserved and safeguarded against the advancement of Western knowledge and culture 

(Chapter 2), however, it is likely that, due to its cultural connectedness and hierarchical 

access, much Indigenous knowledge will never be understood and as a result, not preserved. 

Having said this, the Vanuatu study did highlight that a kastom exchange, such as a woven 

mat, can be made for Indigenous knowledge. A recommendation from this study is that 



256 
 

 
 

extension officers should work with communities to establish appropriate exchange systems 

as a way of accessing and preserving Indigenous knowledge. 

The literature review identified that some theorists deem Indigenous knowledge as 

situational knowledge. The research study found that some Indigenous knowledge was 

indeed situational, as for example farmers from the Kudjip Ownim village based planting 

activities on the position of the sun against the peaks of the mountains during sunrise (Section 

4.2.3.1); the mountain range could only be viewed from Kudgip Ownim village and therefore 

is not relevant outside the context of that village. However, there were Indigenous knowledge 

and practices which may enhance the agricultural practices of other regions, for example, the 

use of moon phases for planting (Tale 5.8) used in one village may be applied in another village 

where such knowledge has been forgotten. Other practices such as pest and weed 

management and soil preparation from one village would certainly benefit another village 

who were managing such things less successfully. Such contextualisation is more easily 

incorporated in the ESAD approach as opposed to the linear and top-down approach of 

transfer of technology extension. 

7.2.2 Implications and recommendations for methodology 

Commencing research with a community of practice can be recommended for qualitative 

studies in fields where the aim is to obtain a holistic picture. The beginning research phase 

provided data for establishing semi-structured interviews and developing themes for analysis. 

The use of a church pastor or lead farmer, and an interpreter when language is a barrier, are 

essential in the facilitation of a community of practice.  

This study demonstrated the value of apprentice observations. Working as a farmer’s 

apprentice not only provided insight into agricultural practices and access to agricultural 

knowledge, but also created a relationship between the researcher and the participant, and 

helped build the trust essential to knowledge sharing. Extension projects seeking to promote 

sustainable agriculture require the trust of farmers, and the use of apprentice observations is 

recommended to facilitate extension officer to farmer trust, enhancing the process of two-

way knowledge sharing (extension officer to farmer and farmer to extension officer), as was 

achieved at both research study sites. 
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A further implication for methodology is that responses to semi-structured interviews which 

used audio/video recording devices resulted in very short responses from participants to 

questions asked, and which lacked detailed description. This radically changed when audio 

and video devices were removed, and participants were interviewed in their gardens and not 

being digitally recorded, whereby participant responses were more detailed and they seemed 

more willing to share. Of the literature referenced in this thesis, there was no mention of the 

impact of recording devices on participant response. 

A final recommendation with regard to methodology from this study concerns the importance 

of enriching the documents that are produced from the extension projects with the use of 

participant in-text quotations and photos, as was done during the ESAD project. In contrast 

with transfer of technology documents which generally ignore the position of the farmer, the 

insertion of quotations of those interviewed, along with a rich array of photos, not only gives 

the study context, but may also improve the readability of the ESAD documents by 

researchers, extension agencies and farmers, as it provides an insight into the lives of farmers. 

Literature within the field of transfer of technology which do not include direct quotations 

may leave readers with only a vague idea, or no idea, of the comments made by participants.  

7.2.3 Implications and recommendations for practice 

The study described within this thesis leads to several implications and recommendations for 

agricultural extension practice which aims to enhance sustainable agriculture among 

Indigenous farmers.  

An implication for practice concerns the publications of agricultural extension material. This 

research study found that farmers were drawn to posters with large diagrams and photos 

rather than pamphlets or booklets which contained paragraphs of words (even when in a local 

language), for example Figure 4.11. It was also found that agricultural terms such as soil types 

and Indigenous plants are often only known by farmers in the local language and extension 

officers need to be familiar with these terms to ensure that farmers grasp the content being 

discussed.  

As recommendations for extension practice when working with Indigenous farmers, several 

key principles arising from this study need to be considered, including: 
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• initial consent should be always be sought from Chiefs, landholders and/or the 

community pastor; 

• community cultural practices and activities (such as ceremonies, customs, hunting, 

and in many communities, church attendance) should be prioritised by extension 

agencies over meeting project targets and indicators; 

• trust, respect and equity should be given to all who participate in the extension 

projects, irrespective of their position in the village; and 

• the outcome of the extension project should be farmer directed and focused on 

empowering and capacity-building the entire village. 

For extension agencies in PNG and Vanuatu, it would be sufficient to apply the ESAD approach 

in order to enhance sustainable agriculture. However, the ESAD approach first requires 

testing more broadly than PNG and Vanuatu. For this to happen it is imperative to create a 

greater awareness amongst extension officers, (i) regarding the important value in applying 

the techniques of andragogy, (ii) the significant value of Indigenous knowledge and culture, 

and (iii) how this knowledge and culture can be entwined with science for deeper learning. 

This may be achieved through appropriate policy development at a national and 

departmental level, professional development of current extension staff, and relevant 

training at an institutional level for future extension officers.  

7.2.4 Further research 

Whilst this research study contributed to the field of education, extension and agriculture 

(see Radcliffe et al., 2016, Radcliffe, 2017; Radcliffe et al., 2018, Radcliffe et al., 2020), the role 

of continued research in theory, methodology and practice is essential. There are many 

challenges facing agricultural systems in developing countries such as climate change, 

population growth and urbanisation, all which require farmers, extension officers, 

researchers and policy makers to collaboratively research and design sustainable agricultural 

practices and policies which promote and maintain both food security and rural development. 

Future solutions will require a holistic approach and need to incorporate Indigenous 

knowledge, culture and Western science. That said, more research is needed to better 

understand methods and implications of entwining these systems of knowledge, and this will 

require extension and technical advisory services to work with farmers, village Chiefs and the 
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broader communities. The challenge for all further research in the field of agricultural 

extension is to ensure that developing countries establish a mechanism to enhance 

sustainable agricultural practices for improved food and nutrition security, and economic and 

social development. 

7.3 Summary 

The impact of modern agriculture on worldwide natural resources has become of great 

concern.  Intensive agriculture is resulting in soil degradation and pollution, and is reducing 

our capacity to maintain global food security. There is a need to transition current agricultural 

practices to become more sustainable whilst also improving the economic and social benefits 

from agriculture. Sustainable agriculture is complex and solutions are often specific to the 

agricultural context, and for farmers to make change they will need to learn relevant and 

appropriate information, knowledge and skills. Whilst there are many information sources 

available, farmers in developing countries will most likely be supported through agricultural 

extension programs. However, for extension officers in developing countries to better 

support farmers to transition to more sustainable practices, the practice of extension first 

needs to change. 

Chapter 2 presented a review of the current literature and found that agricultural extension 

systems in developing countries are unlikely, in their current form, to provide the appropriate 

extension services required to ensure food security, rural development, agricultural 

sustainability, or to help in maintaining the integrity of Indigenous culture and its valuable 

knowledge. Extension services in many developing countries have limited funding, minimal 

access to transport to visit farmers, and few extension resources. In addition, there is a 

tendency to promote pre-defined innovations, many of which were developed by researchers 

with little understanding of the context of the farmers being offered the innovation. This 

practice of agricultural extension is based on the traditional method of transfer of technology. 

However, solutions to sustainable agriculture will not come as pre-defined and ready-made 

packages, rather they will come from working collaboratively with farmers to develop 

innovative solutions to local problems, and they will be required to consider the unique social 

and natural conditions. 
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The purpose of this thesis was to discover if an agricultural extension approach which 

promoted local sustainable solutions to agriculture problems could be designed. This led to 

the establishment of the overarching research question, being how can an Extension for 

Sustainable Agricultural Development (ESAD) approach engage deeper learning by 

integrating Indigenous knowledge and culture with science and will it enhance agricultural 

sustainability among small holder farmers? This research question was divided into six sub-

research questions which allowed for specific responses to culminate in an absolute response 

to the overarching research question.  

In order to respond to this research question and the sub-research questions which stemmed 

from it, a theoretical proposition (Section 2.6) was developed. The theoretical proposition 

advocated a new approach to agricultural extension, the Extension for Sustainable 

Agricultural Development (ESAD). This approach was founded on the philosophies of adult 

education and was guided by the principles of knowledge management which are 

socialisation, externalisation, codification and internalisation. 

Chapter 3 of this thesis developed an appropriate research method by which to apply the 

theoretical proposition in two different contexts: the highlands of Papua New Guinea and the 

island of Espiritu Santo, Vanuatu. The approach taken was a mixed method, designed to 

triangulate data in order to enhance the confidence of the findings. As this research included 

the participation of Indigenous farmers it was important to limit the potential of the research 

to have power over the people, and therefore the Kaupapa Maori Research (KMR) philosophy 

was applied. The KMR was a valuable tool throughout the project and although it was not an 

explicit outcome of the research, the KMR was used to reflect on and measure practices and, 

as such, it is useful to review its effectiveness in the present research. In order to determine 

the effectiveness of the KMR, the four key questions, as outlined in the Chapter 3, were 

responded to and are summarised here. 

(1) What difference will the present study make to the community? In many developing 

countries, population growth, urbanisation, Western education and technology are 

shifting agricultural practices away from traditional techniques, resulting in loss of 

biodiversity, soil degradation, an increase in pests and disease, and higher inorganic 

inputs. The purpose of this research, as evidenced by the research question, was to 
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determine if agricultural extension could enhance the sustainable agricultural 

practices of Indigenous farmers. Data collected from a six-month follow up semi-

structured interview found that after participation in the research project, many 

farmers were implementing sustainable agricultural practices and therefore it may be 

concluded that the research made a positive difference to the sustainability of the 

study sites. 

 (2) What meaningful interventions will result? The research study presented had a short-term 

research life and therefore it is difficult to make projections about the future sustainability of 

the communities involved in the project. If farmers continue to apply the sustainable 

agricultural practices learned through the ESAD then it could be concluded that meaningful 

interventions resulted from the research. However, as has been repeated in this thesis, 

further and more long-term research on the ESAD approach is required but the findings of 

this research are hopeful. 

(3) How will the present research support cultural and agricultural aspirations? Traditional 

approaches to agricultural extension are linear and fail to recognise the needs and aspirations 

of farmers and the broader community. This study sought to explore an alternative bottom-

up and participatory approach to extension. One principle of ESAD, which provided a platform 

for farmers to share their aspirations for their farms, families and community, was the 

community of practice. The community of practice provided the forum for participants to 

share their agricultural experience and also to voice their concerns, ideas and long-term 

desires for community development.  

In addition to the community of practice, the present research study incorporated Indigenous 

knowledge and culture into the extension projects and in doing so, highlighted to Indigenous 

farmers that their knowledge and culture was equally of value as Western science knowledge 

when considering agricultural sustainability.  

 (4) Will I merely be repeating what Indigenous farmers already know? The extension 

approach presented in this present research study entwined Indigenous knowledge and 

Western science, thus in one way, the project was repeating what the farmer already knew 

(i.e. their own Indigenous knowledge). The difference in this study, however, was the way in 
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which it was presented, that is, when entwined with science new knowledge emerged as an 

alternative to the current agricultural practices, and the new knowledge became a 

recommendation rather than a required practice. It could be concluded from survey data, 

participation rates and the informal feedback that participants in this present research gained 

knowledge and skills and were applying them on their farms. 

The four Kaupapa Maori Research (KMR) philosophies strove to ensure that the present 

research study was village and farmer-centric whereby the extension project did not have 

power over the village, and worked within the cultural boundaries to facilitate relevant and 

contextual learning for enhanced agricultural sustainability. 

The method presented in this thesis (Chapter 3) and the KMR philosophy created the 

framework for the data collection phases of the research (Chapter 4 and Chapter 5). Of the 

findings from the data collection phases, five key learnings were acquired. Each of the five 

key learnings are listed and then summarised below. 

1. The importance of a relationship with farmers. 

2. Farmers in PNG and Vanuatu possess a vast repository of Indigenous knowledge, 

which is primarily shared through family networks. 

3. Culture has a pivotal role in Indigenous knowledge. 

4. Farmers within the PNG study contexts have a low value of Indigenous knowledge, 

however, there is potential, within the ESAD approach to use science to shift this 

perception. 

5. Compared to the transfer of technology approach, the ESAD approach enhanced 

sustainable agricultural practices among farmers in PNG and Vanuatu. 

Importance of a relationship with farmers: The most important element for data collection 

was to develop a relationship with the participants. This was achieved by spending time in the 

village, attending ceremonies, working in the gardens with farmers, sharing meals and 

hunting. The strong relationship enhanced the sharing of Indigenous knowledge and culture, 

and the responses to interviews and surveys. Extension agencies in developing countries 

should provide opportunities for relationship development between extension officers and 
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farmers prior to and during extension projects, as this may enhance the trust and extension 

uptake of the extension knowledge and skills. 

Possession of vast repositories of Indigenous knowledge: The data collection phase of 

socialisation, externalisation and codification found that farmers within the study contexts 

possess a deep understanding of Indigenous agricultural knowledge. The data collection 

phase found that knowledge sharing occurs primarily within family networks, thus limiting 

opportunities for dissemination of new knowledge outside of family groups. Agricultural 

extension officers need to promote knowledge sharing mechanisms to reach the wider 

community, such as the use of information and communications technology (ICT) to 

disseminate agricultural information. ICT platforms should include SMS text, downloadable 

video clips in local language and electronic pamphlets/brochures.  

Culture has a pivotal role in Indigenous knowledge: The data collection phase identified a 

strong connection between Indigenous knowledge and Indigenous culture. It was found in 

this study that cultural practices support the principles of sustainable agriculture and there is 

an opportunity for extension agencies to implement the ESAD approach to understand and 

learn from cultural practices. 

Low value of Indigenous knowledge by farmers: The data collection phase also found that 

farmers using traditional and sustainable practices were perceived by other farmers as 

backward, however, such practices need to be encouraged by using Western science to 

greater explain how and why traditional practices offer long term benefits to the farm and 

broader community. The data collection phase identified the important role which culture 

plays in agriculture and it is vital for extension officers to encourage and support cultural 

practices, as many of these practices promote sustainable use of resources. The data 

collection phase also highlighted the need for researchers to allow for disruptions. Tribal 

fighting was problematic in PNG and impacted on the consistency of the research, and there 

were days when the village could not be accessed. During the PNG study, all but one 

participant in the village of Kukan was arrested for burning down the neighbouring village, 

restricting access to the participants for several weeks. There were no tribal fighting issues in 

Vanuatu, but the research process was often interrupted with cultural practices such as 

circumcision ceremonies, funerals and weddings, each of which often lasted for over two 
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weeks. Whilst these ceremonies were inconvenient from a research perspective, they 

provided an opportunity to be further immersed into the village by attending these 

ceremonies when invited. 

Analysis of data showed that only 10% and 20% of participants in PNG and Vanuatu 

respectively had attended school past primary level. As many participants only had a basic 

knowledge of science, explanations during the Sustainable Agriculture Learning Framework 

(SALF) took longer than anticipated. A balance was required regarding how much time was 

spent on explanations without a) spending too much time on explanations and therefore 

disengaging participants and, b) spending too little time on the fundamentals and therefore 

participants disengaging from lack of understanding. Data analysis identified that the ESAD 

shifted many of the participants’ perceptions of sustainable agriculture and the value of 

Indigenous agriculture. The data also showed that many farmers made medium-term changes 

to their agricultural practices after participating in the ESAD. Significant changed practices 

included composting, mulching, soil monitoring, tree planting programs, and natural 

pesticides and fertilisers.  

Enhancement of sustainable agriculture: Whilst there are many agricultural extension 

approaches available for agricultural development, in developing countries the transfer of 

technology remains the primary extension approach. This approach fails to promote 

sustainable agricultural practices and with economic cutbacks in many developing countries, 

extension organisations are required to select an extension approach that not only promotes 

sustainable agriculture but which also efficiently meets the needs of farmers from varying 

contexts. The Extension for Sustainable Agricultural Development (ESAD) approach 

developed in the present study counters the issues of top down transfer of technology and 

starts to close that gap in enhancing sustainable agricultural practices among Indigenous 

farmers in varying contexts. The ESAD approach is a bottom up participatory approach; 

promoting the philosophy of adult education, it values Indigenous knowledge and culture, it 

uses science to enhance farmer learning, it works in different contexts and, importantly, it is 

focused on improving sustainable agriculture for food security and rural development.  

Thus, in response to the overarching research question, how can an Extension for Sustainable 

Agricultural Development (ESAD) approach engage deeper learning by integrating 
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Indigenous knowledge and culture with science and will it enhance agricultural 

sustainability among small holder farmers?, the ESAD model can, by implementing the KMR 

research philosophies along with knowledge mamangement practices and the principles of 

the Sustainable Agricultural Learning Framework, integrate Indigenous knowledge and 

Indigenous culture to enhance farmer learning, which result in an increased application of 

agricultural sustainable practices among small holder Indigenous farmers in the study sites 

where the ESAD approach was applied, however, limitations were found during this study and 

further research is required. 
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Polyani, M. (1958). Personal knowledge: Towards a post-critical philosophy. USA: University 

of Chicago Press. 

Polanyi, M. (1966). The tacit dimension. New York: Doubleday & Company Inc.  

Polanyi, M. (1962). Personal Knowledge: Towards a Post-Critical Philosophy (Corrected Ed.). 

London: Routledge & Keegan Paul Ltd. 

Polit, D. & Beck, C. (2010). Generalization in quantitative and qualitative research: myths and 

strategies. International Journal of Nursing Studies, 47, 1451-1458. 

Ponisio, L. C., M'Gonigle, L. K., Mace, K. C., Palomino, J., de Valpine, P., & Kremen, C. (2015). 

Diversification practices reduce organic to conventional yield gap, Proceedings of the 

Royal Society B, 282(1799). Doi:https://doi.org/10.1098/rspb.2014.1396  

Popova, O., Tomashevska, O., & Popova, S. (2017). Decision making based on the principles 

of sustainability for providing the profitable business activity. In P. Glowski and O. 

Kvilinskyi (Eds.) Economic transformation in Ukraine: comparative analysis and 

European experience. Warsaw: Consilium. 

Pray, C. E. (1981). The green revolution as a case study in transfer of technology. The Annals 

of the American Academy of Political and Social Science, 458(1), 68-80. 

Pretty, J. (1995). Participatory learning for sustainable agriculture. World Developement, 

73(8), 1247-1263. 

Pretty, J. (2008). Agricultural sustainability: Concepts, principles and evidence. Philosophical 

Transactions: Biological Sciences, 363(1491), 447-465. 



302 
 

 
 

Punch, K.F. (2005). Introduction to social research: Quantitative and qualitative approaches. 

London: Sage. 

Purnomo, S. & Lee, Y. (2010). An assessment of readiness and barriers towards ICT 

programme implementation: perceptions of agricultural extension officers in Indonesia. 

International Journal of Education and Development using Information and 

Communication Technology, 6(3), 19-36. 

QSR International. (2013). NVivo 10. Retrieved from 

http://www.qsrinternational.com/products_nvivo.aspx. 

Quintas, P., Lefrere, P., & Jones, G. (1997). Knowledge management: a strategic agenda. Long 

Range Planning, 30(3), 385-391. 

Quintero-Angel, M., & González-Acevedo, A. (2018). Tendencies and challenges for the 

assessment of agricultural sustainability. Agriculture, ecosystems & environment, 254, 

273-281. 

Quisumbing, A. R. & Pandolfelli, L. (2010). Promising approaches to address the needs of poor 

female farmers: Resources, constraints, and interventions. World Development, 38(4), 

581-592. 

R Development Core Team. (2010). R: A language and environment for statistical computing 

[Computer software manual]. Vienna, Austria.  

Radcliffe, C. (2012). Linking community knowledge and the triple bottom line. [Unpublished 

Masters Dissertation]. 

Radcliffe, C. (2017). The sustainable agriculture learning framework: An extension approach 

for indigenous farmers. Rural Extension and Innovation Systems Journal, 13(2), 41-51. 

Radcliffe, C., Parissi, C., & Raman, A. (2016). Valuing indigenous knowledge in the Highlands 

of Papua New Guinea: A model for agricultural and environmental education. Australian 

Journal of Environmental Education, 32(3), 243-259. 



303 
 

 
 

Radcliffe, C., Rihai, N., Parissi, C. & Raman, A. (2018). More than a political slogan: the value 

of kastom in extension for sustainable agriculture. Rural Extension & Innovation Systems 

Journal, 14(1), 91-100. 

Ragasa, C. & Niu, C. (2017). The state of agricultural extension and advisory services 

provision in Malawi: insights from household and community surveys. International 

Food Policy Research Institute. Retrieved from 

http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/131093.  

Rajasekaran, B. (1993). A framework for incorporating indigenous knowledge systems into 

agricultural research, extension, and NGOs for sustainable agricultural development. 

Studies in technology and social change, 21. Ames: Iowa State University. 

Rappaport, J. (2008). Beyond participant observation: Collaborative ethnography as 

theoretical innovation. Collaborative Anthropologies, 1(1), 1-31. 

Rao, S. (2006). Indigenous knowledge organisation: an Indian scenario. International Journal 

of Information Management, 26, 224-233. 

Rasheed, S. (2012). Agricultural extension in India: Current status and way forward. 

Background paper prepared for the Roundtable Consultation on Agricultural Extension 

(pp.15-17). Beijing, 15-17 March. 

Ray, T. & Clegg, S. (2007). Can we make sense of knowledge management’s tangible rainbow? 

A radical constructivist alternative. Prometheus, 25(2), 161-185. 

Reddy, S. (2006). Globalisation, labour markets, and social outcomes in developing countries. 

Retrieved from https://papers.ssrn.com/sol3/papers.cfm?abstract_id=942087 

Reischmann, J. (2004). Andragogy: History, meaning, context, function. Retrieved from 

http://www.jost.reischmannfam.de/lit/2004-Andragogy-Internet.pdf 

Rice, J. & Rice, S. (2005). The applicability of the SECI model to multi-organisational 

endeavours: An integrative review. International Journal of Organisational Behaviour, 

9(8), 671-682. 



304 
 

 
 

Riggs, E. M. (2005). Field‐based education and indigenous knowledge: Essential components 

of geoscience education for Native American communities. Science Education, 89(2), 

296-313. 

Rikowski, R. (2007). Knowledge management: Social, cultural and theoretical perspectives. 

Oxford: Chandos Publishing. 

Rivera, W.M. & Zijp, W. (2002) Contracting for agricultural extension: International case 

studies and emerging practices. New York: CABI Publishers. 

Rivera, W., Qamar M., & Van Crowder, L. (2001). Agricultural and rural extension worldwide: 

Options for institutional reform in the developing countries. Rome: Food and Agriculture 

Organization. 

Rodgers, C. (2002). Defining reflection: Another look at John Dewey and reflective thinking. 

Teachers College Record, 104(4), 842-866. 

Rogers, A. (1996). Participatory training: Using critical reflection on experience in agricultural 

extension training. Training for Agriculture and Rural Development, Economic and Social 

Development Series (54). Rome: FAO. 

Rogers, E. (1995). Diffusion of innovations (4th Ed.). New York: Free Press. 

Röling, N. (1993). Agricultural knowledge and environmental regulation in the Netherlands: A 

case study of the Crop Protection Plan. Sociologia Ruralis, 33(2), 261-280. 

Röling, N. & Pretty, J. N. (1997). Extension's role in sustainable agricultural development. In 

B. Swanson, R. Bentz, & R. Sofranko (Eds.), Improving agricultural extension: A 

reference manual (pp. 181-192). Retrieved from 

http://www.fao.org/3/w5830e/w5830e00.htm#Contents 

Röling, N. & Wagemakers, A. (Eds). (1998). Facilitating sustainable agriculture: Participatory 

learning and adaptive management in times of environmental uncertainty. Cambridge: 

Cambridge University Press. 



305 
 

 
 

Rollet, H. (2003). Knowledge management processes and technologies. Norwell, MA: Kluwer 

Academic Publishers. 

Ross, A., Pickering Sherman, K., Snodgrass, J., Delcore, H., & Sherman, R. (2010). Indigenous 

peoples and the collaborative stewardship of nature: Knowledge binds and institutional 

conflicts. California: Left Coast Press. 

Rowley, J. (2012). Conducting research interviews. Management Research Review, 35(3/4), 

260-271. 

Rubenstein-Montano, B., Liebowitz, J., Buchwalter, J., McCaw, D., Newman, B., & Rebeck, K. 

(2001). A systems thinking framework for knowledge management. Decision Support 

systems, 31, 5-16. 

Said, E. (1978). Orientalism. New York: Pantheon Books. 

Saito, K., Linquist, B., Keobualapha, B., Shiraiwa, T., & Horie, T. (2006). Farmers’ knowledge of 

soil in relation to cropping practices: A case study of farmers in upland rice based slash-

and-burn systems of northern Laos. Geoderma, 136, 64-74. 

Sanchez, R. (2001). Managing knowledge into competence: The five learning cycles of the 

competent organization. In R. Sanchez (Ed.), Knowledge management and 

organizational competence (pp. 3-37). Oxford: Oxford University Press. 

Saunois, M., Stavert, A. R., Poulter, B., Bousquet, P., Canadell, J. G., Jackson, R. B., ... & 

Zhuang, Q. (2020). The global methane budget 2000–2017. Earth System Science 

Data, 12(3), 1561-1623. 

Sawyer, K. (2006). The new science of learning. In K. Sawyer (Ed.), The Cambridge handbook 

of the learning sciences. Cambridge: Cambridge University Press. 

Schensul, S., Schensul, J., & LeCompte, M. (1999). Essential ethnographic methods: 

Observations, interviews and questionnaires. Walnut Creek: AltaMira Press. 



306 
 

 
 

Schiere, J., Groenland, R., Vlug, A., & Van Keulen, H. (2004). Systems thinking in agriculture: 

An overview. In K. Rickert (Ed.), Emerging challenges for farming systems – lessons from 

Australian and Dutch agriculture. Kingston: RIRDC. 

Schön, D. A. (1983). The reflective practitioner: How professionals think in action. New York: 

Basic Books. 

Schultze, U. (2000). A confessional account of an ethnography about knowledge work. MIS 

Quarterly, 24(1), 3-41. 

Seliger, H. W. & Shohamy, E. G. (1989). Second language research methods. Oxford: University 

Press. 

Sharma, R. (2002). Reforms in agricultural extension: New policy framework. Economic and 

Political Weekly, 37(30), 3124-3131. 

Shawn, W. (2001). What is indigenous research methodology? Canadian Journal of Native 

Education, 25(2), 175-179. 

Sheather, S. (2009). A modern approach to regression with R. Texas: Springer. 

Sillitoe, P. (1993). Forest demons in the Papua New Guinea highlands. Australian Journal of 

Anthropology, 4(3), 220-232. 

Sillitoe, P. (1998). Knowing the land: Soil and land resource evaluation and indigenous 

knowledge. Soil Use and Management, 14, 188-193. 

Sillitoe, P. (2009). Local science vs. global science: An overview. In P. Sillitoe (Ed.), Local science 

vs global science: Approaches to indigenous knowledge and international development. 

New York: Berghahn Books. 

Sillitoe, P. (Ed.). (2017). Indigenous knowledge: Enhancing its contribution to natural 

resources management. Oxfordshire: CABI. 

Simpson, B. & Owens, M. (2002). Farmer field schools and the future of agricultural extension 

in Africa. Journal of International Agriculture and Extension Education, 9(2), 29-36. 



307 
 

 
 

Sinclair, F. L. & Walker, D. H. (1999). A utilitarian approach to the incorporation of local 

knowledge in agroforestry research and extension. In L. Buck, P. Lassoie & E. Fernandes 

(Eds.), Agroforestry in sustainable agricultural systems (pp.245-275). Boca Raton: CRC 

Press 

Singer, J. (2009). Ethnography. Journalism of Mass Communication Quarterly, 86(1), 191-198. 

Sisaye, S. (1978). Social science research on rural development: issues and perspectives from 

the Ethiopian experience. Agricultural Administration, 6, 55-77. 

Sitapai, E. (2012). A critical analysis of agriculture extension services in Papua New Guinea: 

Past, present and future. CIMC National Agriculture Conference, Lae. Retrieved from 

http://www.inapng.com/pdf_files/A%20Critical%20Analysis%20of%20Agriculture%20

Extension%20Services%20in%20Papua%20New%20Guinea.18%20July%202012.pdf 

Sjoberg, S. (2007). Constructivism and learning. In E. Baker, B. McGaw, & P. Peterson (Eds). 

International encyclopaedia of education (3rd Ed.). Oxford: Elsevier 

Skinner, C. (2010). Applied comparative effectiveness researchers must measure learning 

rates: A commentary on efficiency articles.  Psychology in Schools, 47(2), 166-172. 

Slater, S. F. & Atuahene-Gima, K. (2004). Conducting survey research in strategic 

management. In D. Ketchen, D. Ketchen, & D. Bergh (Eds.), Research methodology in 

strategy and management (Vol. 1, pp. 227-249). Emerald Group Publishing Limited. DOI: 

https://doi.org/10.1016/S1479-8387(04)01108-7 

Smith, E. (2001). The role of tacit and explicit knowledge in the workplace. Journal of 

Knowledge Management, 5(4), 311-321. 

Smith, H. & Sharp, K. (2012). Indigenous climate knowledges. WIREs Climate Change, 3, 467-

476. doi:10.1002/wcc.185 

Smith, L. (1999). Decolonizing methodologies: Research and indigenous peoples. New York: 

Zed Books. 



308 
 

 
 

Sowei, J. W. (2001). Sustainable resource management and food security. Food Security for 

Papua New Guinea, 11, 365. 

SPC. (2006). The importance of the pig in Pacific island culture: An annotated bibliography. 

Suva: Secretariat of the Pacific Community. 

SPC. (2011). Food security in the Pacific and East Timor and its vulnerability to climate change. 

Noumea: Secretariat of the Pacific Community. 

SPC. (2015). Vanuatu. Suva: Pacific Community. Retrieved from 

http://ccprojects.gsd.spc.int/vanuatu/ 

Spradley, J. P. (1980). Participant observation. New York: Holt, Rinehart & Winston. 

Srikantaiah, D. (2005). Education: Building on indigenous knowledge. IK Notes, 

87(December), 1-4. Retrieved from  www.worldbank.org%2Fafr%2Fik%2Fiknt87.pdf 

Stoecker, R. R. (2005). Is community informatics good for communities? Questions 

confronting an emerging field. The Journal of Community Informatics, 1(3). Retrieved 

from http://ww.ci-journal.net/index.php/ciej/article/view/183 

Strauss, A. & Corbin, J. (1990). Basics of qualitative research: Grounded theory procedures and 

techniques. California: SAGE Publications 

Šūmane, S., Kunda, I., Knickel, K., Strauss, A., Tisenkopfs, T., des Ios Rios, I., Rivera, M., 

Chebach, T. and Ashkenazy, A. (2018). Local and farmers' knowledge matters! How 

integrating informal and formal knowledge enhances sustainable and resilient 

agriculture. Journal of Rural Studies, 59, 232-241. 

Swanson, B. (2006). The changing role of agricultural extension in a global company. Journal 

of International Agricultural and Extension Education, 13(3), 5-17. 

Swanson, B. (2008). Global review of good agricultural extension and advisory service 

practices. Rome: FAO. 

Swanson, B., Bentz, R., & Sofranko, A. (Eds.). (1998). Improving agricultural extension: A 

reference manual. Rome: Food and Agriculture Organization of the United Nations. 



309 
 

 
 

Swartley, L. (2002). Inventing indigenous knowledge: Archaeology, rural development, and the 

raised field rehabilitation project in Bolivia. New York: Routledge. 

Taber, K. (2006). Beyond constructivism: The progressive research programme into learning 

science. Studies in Science Education, 42, pp 125-184 

Tarakan, I. & Ratsch, R. (2009). Sweet potato cultivation on composted mounds in the 

highlands of Papua New Guinea. In G. Kirchhoff (Ed.), Soil fertility in sweet-potato based 

cropping systems in the highlands of Papua New Guinea. ACIAR Technical Reports No. 

71. Canberra: ACIAR. 

Taye, H. (2013). Evaluating the impact of agricultural extension programmes in sub-Saharan 

Africa: Challenges and prospects. African Evaluation Journal, 1(1), 1-9. 

Teddlie, C. & Tashakkori, A. (2009). Foundations of mixed methods research: Integrating 

quantitative and qualitative approaches in the social and behavioural sciences. 

California: SAGE Publications. 

Thapa, T. (2010). Agricultural extension services delivery systems in Nepal. Nepal: Food and 

Agriculture Organization. 

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. 

(2018). The IPBES regional assessment report on biodiversity and ecosystem services 

for Asia and the Pacific. Bonn, Germany. Retrieved from https://ipbes.net/assessment-

reports/asia-pacific. 

The International Commission on the Future of Food and Agriculture (2006). Manifesto on 

the future of seeds. Retrieved from 

http://www.navdanyainternational.it/images/manifesti/semi/futurosemi_eng.pdf 

Thompson, M. & Walsham, G. (2004). Placing knowledge management in context. Journal of 

Management Studies, 41(5), 725-747. 

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable 

intensification of agriculture. Proceedings of the National Academy of Sciences, 108(50), 

20260-20264. 



310 
 

 
 

Tobin, G. A. (1999). Sustainability and community resilience: The holy grail of hazards 

planning? Global Environmental Change Part B: Environmental Hazards, 1(1), 13-25. 

Tongco, M. (2007). Purposive sampling as a tool for informant selection. Ethnobotany 

Research and Applications, 5, 147-158. 

Torrance, H. (2008). Building confidence in qualitative research: Engaging the demands of 

policy. Qualitative inquiry, 14(4), 507-527. 

Trochim, W. (2006). Deduction and induction. Retrieved from  

http://www.socialresearchmethods.net/kb/dedind.php 

Tsou, J. Y. (2006). Genetic epistemology and Piaget's philosophy of science: Piaget vs. Kuhn 

on scientific progress. Theory & Psychology, 16(2), 203-224. 

Turcsanyi-Szabo, M. (1998). Designing logo-based microworlds for effective learning – a road 

to improving teacher learning. In G. Marshall & M. Ruohonen (Eds.), Capacity building 

for IT in education in developing countries. Springer Science & Business Media. 

UNESCO. (1991). Environmentally sustainable economic development: Building on 

Brundtland. Paris: United Nations Education. 

UNESCO. (2008). Indigenous people indigenous voices. [Fact sheet]. Seventh Session of the 

UN Permanent Forum on Indigenous Issues. New York: United Nations 

UNEP (2005). Geo year book 2004/5: An overview of our changing environment. Nairobi: 

United Nations Environment Programme. 

UNEP (2016). UNEP Frontiers 2016 report: Emerging issues of environmental concern. 

Retrieved from 

https://wedocs.unep.org/bitstream/handle/20.500.11822/7664/Frontiers_2016.pdf?s

equence=1&isAllowed=y 

United Nations. (1992). Convention on biological diversity.  Retrieved from 

https://www.cbd.int/doc/legal/cbd-en.pdf 



311 
 

 
 

United Nations (2010). Who are indigenous peoples? [Factsheet]. Retrieved from 

www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf 

United Nations. (2015) Sustainable development goals. Retrieved from 

https://sustainabledevelopment.un.org/?menu=1300 

United Nations Department of Economic and Social Affairs. (2004). The concept of Indigenous 

people. Workshop on Data Collection and Disaggregation for Indigenous peoples. New 

York: United Nations. 

United Nations Statistical Division. (2019). Goal 2: Zero hunger. New York: UNSD. 

Vanclay, F. (2004). Social principles for agricultural extension to assist in the promotion of 

natural resource management. Australian Journal of Experimental Agriculture, 44, 213-

222. 

van de Fliert, E. & Braun, A. (2002). Conceptualizing integrative, farmer participatory research 

for sustainable agriculture: from opportunities to impact. Agriculture and Human 

Values, 19, 25-38. 

van de Fliert, E., Christiana, B., Hendayana, R., & Murray-Prior, R. (2010). Pilot Roll-out: 

Adaptive Research in Farmers' Worlds. Extension Farming Systems Journal, 6(1), 63-71. 

van Teijlingen, E. & Hundley, V. (2001) The importance of pilot studies. Social Research 

Update, (35), 1-4. Retrieved from 

http://aura.abdn.ac.uk/bitstream/handle/2164/157/SRU35%20pilot%20studies.pdf?s

equence=1&isAllowed=y 

Vanuatu National Statistics Office (2010). 2009 Population and housing census: Basic tables 

report, vol 1. Port Vila: Vanuatu National Statistics Office. 

Verlinden, A. & Daycot, B. (2005). A comparison between indigenous environmental 

knowledge and a conventional vegetation analysis in north central Namibia. Journal of 

Arid Environments, 62, 143-175. 



312 
 

 
 

Von Hayek, F. (1975). The pretence of knowledge. The Swedish Journal of Economics, 77(4), 

433-442. 

Von Krogh, G., Ichijo, K., & Nonaka, I. (2000). Enabling knowledge creation. New York: Oxford 

University Press. 

Vygotsky, L. (1978). Mind in society: The development of higher psychological processes. 

Cambridge: Harvard University Press. 

Wadel, C. (2015). Participatory work-along as an apprentice – a qualitative research tool in 

studying organisations and work practices. Nordic Journal of Working Life Studies, 5(3a), 

85-103. 

Watson-Thompson, J., Fawcett, S., & Schultz, J. (2008). A framework for community 

mobilisation to promote healthy youth development. American Journal of Preventative 

Medicine, 34(3), S72-S81. 

Warner, K. (2008). Agroecology as participatory science: Emerging alternatives to technology 

transfer extension practice. Science, Technology and Human Values, 33(6), 754-777. 

Warren, M. (1989a). Linking scientific and indigenous agricultural systems. In J. L. Crompton 

(Ed.), The transformation of international agricultural research and development. 

Boulder: Lynne Rienner Publishers. 

Warren, M. (1989b). Utilizing indigenous healers in national health delivery systems: The 

Ghanian experiment. In J. Van Willigen (Ed.), Making our research useful: Case studies 

in the utilization of anthropological knowledge. Boulder: Westview Press. 

Warren, M. (1991). Using indigenous knowledge in agricultural development: World Bank 

Discussion Papers No. 127. Washington: The World Bank. 

Warren, M. (1999). Indigenous knowledge for agricultural development. In F.J. Pichon, J.E. 

Uquillas, & J. Frechione (Eds.), Traditional and modern natural resource management in 

Latin America. Pittsburgh: University of Pittsburgh Press. 



313 
 

 
 

Warrick, O. (2011). The adaptive capacity of the Tegua island community, Torres islands, 

Vanuatu. Retrieved from 

https://www.environment.gov.au/system/files/resources/26e3a6ec-d45e-4c95-8cda-

fecfe9ae981c/files/usp-adaptive-capacity-vanuatu.pdf 

Weir, D. & Hutchings, K. (2005). Cultural embeddedness and contextual constraints: 

Knowledge sharing in Chinese and Arab cultures. Knowledge and Process Management, 

12(2), 89-98. 

Weis, T. (2010). The accelerating biophysical contradictions of industrial capitalist agriculture. 

Journal of Agrarian Change, 10(3), 315-342. 

Welle T., Birkmann J., & Rhyne J. (2014) The World Risk Index 2014. In M. Garschagen, P. 

Mucke, A. Schauber, T. Selbert, T. Welle, J. Birkmann, & J. Rhyner, The World Risk Report 

2014 (pp. 1-74). Berlin: Bündnis Entwicklung Hilft (Alliance Development Works) and 

United Nations University-Institute for Environment and Human Security. 

Wenger, E. (1998). Communities of practice: Learning meaning and identity. New York: 

Cambridge University Press 

Wenger, E., McDermott, R., & Snyder, W. (2002). Cultivating communities of practice: A guide 

to managing knowledge. Boston, MA: Harvard Business School Press. 

Wiig, K.M. (1993). Knowledge management foundations, thinking about thinking. 

Massachusetts: Lexington Books. 

Wiig, K. (1997). Knowledge management: where did it come from and where will it go? Expert 

Systems with Applications, 13(1), 1-14. 

Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., ... & Jonell, M. 

(2019). Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from 

sustainable food systems. The Lancet, 393(10170), 447-492. 

Williams, D. & Muchena, O. (1991). Utilizing indigenous knowledge systems in agricultural 

education to promote sustainable agriculture. Journal of Agricultural Education, Winter, 

52-56. 



314 
 

 
 

Wolfley, J. (1998). Ecological risk assessment and management: Their failure to value 

indigenous traditional ecological knowledge and protect tribal homelands. American 

Indian Culture and Research Journal, 22(2), 151-169. 

Woodhouse, P. (2010). Beyond industrial agriculture? Some questions about farm size, 

productivity and sustainability. Journal of Agrarian Change, 10(3), 437-543. 

World Commission Environment and Development (1987). Our common future: Report of the 

World Commission of Environment and Development. Published as Annex to General 

Assembly document A/42/427. Retrieved from http://www.un-documents.net/wced-

ocf.htm 

Wyatt, A. (2003). Paramedic practice–knowledge invested in action. Australasian Journal of 

Paramedicine, 1(3-4).  

Wyatt, J. (2001). Management of explicit and tacit knowledge. Journal of the Royal Society of 

Medicine, 94, 6-9. 

Yin, R. K. (2008). Case study research: Design and Methods. (4th Ed.). Thousand Oaks, CA: Sage 

Publications. 

Zack, M. (1999). Managing codified knowledge. Sloan Management Review, 40(4), 45-58. 

Zhang, W. (2018). Global pesticide use: Profile, trend, cost/benefit and more. Proceedings of 

the International Academy of Ecology and Environmental Sciences, 8(1), 1-27. 

Zhihong, B. (2003). Indigenous knowledge and development. Landscapes of diversity, 

indigenous knowledge, sustainable livelihoods and resource governance in Montane 

Mainland Southeast Asia. In X. Jianchu & S. Mikesell (Eds.), Proceedings of the III 

Symposium on MMSEA. Kumming Yunnan: CBIK. 

Zeleny, M. (1987). Management support systems: Toward integrated knowledge 

management. Human Systems Management, 7, 59-70. 

 

 



315 
 

 
 

 

 

 

 

Appendices 

 

 

 

 

 

 

 

  



316 
 

 
 

 

Appendix 1: Participant Information Statement 
  



317 
 

 
 

 

  

Student Chris Radcliffe Contact: 0561418907471 

Supervisor Dr Anantanarayanan Raman Contact: (05612) 6365 7833 

Supervisor Dr Cesidio Parissi Contact: (05612) 6365 7633 

Dear community member, 

My name is Chris Radcliffe and I am currently undertaking a Doctorial Degree in Sustainable 

Agriculture at Charles Sturt University. As a part of my research I am have designed a 

program which uses local agricultural knowledge and Western agricultural science to 

improve the sustainability of agriculture 

You have been identified as a resident of the Jiwaka Province/ Espiritu Santo and are invited 

to participate in this research. Participation is entirely voluntarily. There are four parts to 

this research.  

1. Firstly I will study the way you work in your garden, I will take photos, video and 
audio recordings. 

2. The second part is an interview, where you will need to respond to a number of 
questions about your farm, your community and your culture. The interview will take 
around 35 minutes.  

3. You will be invited to join a community of practice. This will be a forum where we 
will share farming knowledge and experiences, things which work and things which 
don’t work. 

4. Finally I will ask you to teach me how to do a specific agricultural practice, eg 
planting cassava. 

The things I learn from you will be used to form an education program which I will deliver in 

June, 2016. All information gathered will strictly be used for research purposes and no 

individual names or addresses will be published. All information collected is the intellectual 

property of those involved in the research. 

Participation is voluntary. Participants can withdraw from their participation at any stage 

of the process. 

It is asked that the people wishing to be involved in this research are over 18 years of age.  

All data will be retained physically in a locked filing cabinet and electronically with password 

protection for a minimum of 8 years in accordance to the Public Records Office of Victoria 

Standard (02/01). 

Sustainable Agricultural Learning Framework 

Information Statement 

I 

Information Statement 
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You will notice a number on the top right hand corner of your interview sheet, this number 

is the id number which all data will be directed through and therefore your name or address 

is never used during or after the research. 

The aim of this research is talk to the people of this community and find out what they know 

about agriculture, the environment and their community. 

 Further information 

Charles Sturt University is one of Australia’s largest Universities with campuses local and 

international, with courses ranging from Agriculture and Business through to Teaching and 

Nursing. Charles Sturt University can be contacted on 0561 1800 334 733. 

Please feel free to contact myself at any time regarding the interview via the email address 

above. 

Kind regards 

Chris Radcliffe 

PhD Student 

Charles Sturt University 

Student No: 11418002 
 

NOTE: The Charles Sturt University’s Ethics Committee has approved this project. I 

understand that if I have any complaints or reservations about the ethical conduct of this 

project, I can contact: 

 Executive Officer 

 Human Research Ethics Committee 

 Office of Academic Governance 

 Charles Sturt University 

 Panorama Avenue 

 Bathurst, Australia, NSW 2795 

 Ph: (05612) 6338 4628 

 Email: ethics@csu.edu.au 

  

  

Any issues you raise will be treated in confidence and investigated fully and you will be 

informed of the outcome. 
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Appendix 2: Verbal consent statement 
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Verbal Consent Form 

Note: The following statement must be read in a slow, clear and concise manner to ensure 

potential participants fully understand its intention. Potential participants shall be provided 

24 hours to consider consent. 

My name is Chris Radcliffe and I am a PhD student studying sustainable agriculture at 

Charles Sturt University in Australia. I want to learn more about your community, your 

culture and the ways that you farm, as I believe that we can learn a lot from you. I wish to 

watch you farm, take photos and video footage and ask you questions about the way you 

farm, who helps you to farm, what you farm and what you know about your environment. I 

also want to talk to you about your culture. You do not have to agree to do this and if you 

refuse there are no consequences. If you do agree to this, but later wish to stop working 

with me, this is also ok and there are no consequences for this. All the information I gather 

will be used in my research and may also be published in scientific journals, so If there are 

any questions that you do not wish to everyone to know, you do not have to answer, and 

again there are no consequences to this. Any photos, videos and audio recordings will be 

stored on a computer with a password. I will not record your name or where you live. 

Do you agree to me asking you questions, taking photos, video footage, watching you on 

your farm and using this information for my research and publication? Please answer yes or 

no. 
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Research Instrument 1 

Cultural Limitations 
Note: All questions will be presented as a verbal semi-structured interview and responses will 

be recorded using an audio device. 

 

1. I will not be talking with any of the children in the community, however, I do wish to 

interview some of the women in the community about the things they do on the farms. Is 

this ok? 

2.  Are there any women that I should not talk to? 

3. I do not wish to intrude on areas which are important to your people. Are there any 

sacred sites or places where a foreigner should not go to? 

4. I wish to understand more about your culture, can I talk to people about: 

• Ceremonies 

•  Relationships 

• Creation stories 

• Dances 

• Songs 

5. Is it ok that I come here early in the morning and leave late at night? 

6. Are there any days when I should not come here? 

I need you to understand that all people who will be involved in the research must do so at 

their own willingness. They must volunteer if they want to be involved. Even if they say yes 

to start with, they can later change their minds and stop being involved. I would ask you, as 

elders, not encourage or discourage people from being involved. People must be able to 

make up their own minds. Do you understand this? 

7. Given this, I would like you to tell me who the best people to talk to about farming in this 

village/community are.  
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Research Instrument 2 

Ethnographic log and sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date: ______________ 

Time: ______________ 

Location (GPS): _____________ 

Climate:___________________ 

Description: 

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

_____________________________________

____________________ 

Sketches: 

Video               Frame: ______ 

Photo               Number:  ___ 

Audio                Frame: _____  

 

 

 

 

Specific Agricultural Processes: 

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

___________________________ 

Specific Cultural Processes: 

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

_______________________________________

___________________________ 
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Research Instrument 3 

Farmer Survey 
 

Note: All questions are verbal and responses will be recorded by the interviewer. Responses 

will also be recorded with an audio/video device. The questions below are all semi-

structured open and closed ended questions. 

Background 

1. What is your age 

____________________________________________________________________ 

2. Gender _____________________ 

3. To what level have you completed your education 

_____________________________________________________________________ 

4. What is the size of your farm 

_____________________________________________________________________ 

 

Knowledge: 

1. How old were you when you started farming 

_____________________________________________________________________ 

2. Who taught you how to farm 

_____________________________________________________________________

_____________________________________________________________________ 

3. How did they do this – can you give examples 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

4. Can you tell me any folklore/stories that the old people tell, which help you with 

your farming 

_____________________________________________________________________

_____________________________________________________________________ 

5. Who tells you about your place (social structure) in the community  

_____________________________________________________________________

_____________________________________________________________________ 

6. Are you able to tell me about the types of mens/womens ceremonies (question is 

gender dependent) 

_____________________________________________________________________

_____________________________________________________________________ 
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7. If you are able to talk about these, can you tell me what it is like for you during these 

ceremonies 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

8. Can you tell me about the initiation rites during adolescents 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

9. Are there groups in or around the community who help you with learning about 

farming 

_____________________________________________________________________ 

10. Are you involved in these groups 

_____________________________________________________________________ 

11. How often do you talk to these people about your farm 

_____________________________________________________________________ 

12. You have so much knowledge about your farm and the environment around us, how 

do you make sure all this knowledge lives on after you 

_____________________________________________________________________

_____________________________________________________________________ 

13. What things have you discovered about this farm by yourself 

_____________________________________________________________________

_____________________________________________________________________ 

14. Have you inherited any secret knowledge which helps you to farm 

_____________________________________________________________________

_____________________________________________________________________ 

 

Use of ICT for agricultural knowledge 

1. Do you use any of the following; internet, mobile phone or email to help you farm? 

___________________________________________________________________________

___________________________________________________________________________ 

2. Please list which ones. 

___________________________________________________________________________

___________________________________________________________________________ 

3. How regular do you use it? 
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a. daily 

b.weekly 

c. monthly 

d. yearly 

e. whenever you have access eg trips to town. 

f. other (explanation) 

___________________________________________________________________________ 

Learning: 

1. When people are teaching you how do you like to learn (provide local examples of 

visual, kinaesthetic, reading, written etc) 

________________________________________________________________________

________________________________________________________________________ 

2. When the extension agents show you something do you always follow their instructions 

________________________________________________________________________

________________________________________________________________________ 

3. If the extension agent or someone else tells you to try something on your farm, what do 

you do, give examples 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

4. How do you remember things in your head 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

5. What things about farming would you really like to learn about that could help you 

________________________________________________________________________

________________________________________________________________________ 

6. If I was to teach you something, what would be the right way for me to do it 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

 

 

Soils 
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1. Can you describe to me the story of how this land was formed 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

2. How does the soil change across your land 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

3. How does the soil change across the other farmers lands compared to yours 

_____________________________________________________________________

_____________________________________________________________________ 

4. Can you tell me the names of the soils on your land 

_____________________________________________________________________

_____________________________________________________________________ 

5. What does the soil mean to you and your family 

_____________________________________________________________________

_____________________________________________________________________ 

6. Have you noticed any changes to your soil over the past 10 seasons 

_____________________________________________________________________

_____________________________________________________________________ 

7. What do you add to your soils before you start the planting of your crop 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

8. What methods do you use to turn the soil over 

_____________________________________________________________________

_____________________________________________________________________ 

9. What kinds of animals do you find in your soil 

_____________________________________________________________________

_____________________________________________________________________ 

 

10. What kind of weeds do you find in your soils 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

 

 

Water 
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1. Tell me the story about the seasons of this country (local context) 

_____________________________________________________________________

_____________________________________________________________________ 

2. What ceremonies are a part of each seasons 

_____________________________________________________________________

_____________________________________________________________________ 

3. When the wet season comes, tell me how your farm looks different 

_____________________________________________________________________

_____________________________________________________________________ 

4. What crops do you irrigate 

_____________________________________________________________________

_____________________________________________________________________ 

5. How do you irrigate 

_____________________________________________________________________

_____________________________________________________________________ 

6. Which organisations help you with irrigation 

_____________________________________________________________________

_____________________________________________________________________ 

7. How does your community organise the irrigation system 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

8. Which community member is in charge of the irrigation system 

_____________________________________________________________________

_____________________________________________________________________ 

9. Can you tell me the rain story 

_____________________________________________________________________

_____________________________________________________________________ 

10. Have you noticed any changes in the seasons, does it seem to rain longer, is it colder, 

is it hotter, does the dry season go for longer 

_____________________________________________________________________

_____________________________________________________________________ 

11. Tell me how the water moves through the land 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

12. What tells you when the plants need more water and when they have had enough 

water 
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_____________________________________________________________________

_____________________________________________________________________ 

 

Cropping 

1. What is the history of farming in this area 

_____________________________________________________________________

_____________________________________________________________________ 

2. Tell me about the community calendar 

_____________________________________________________________________

_____________________________________________________________________ 

3. What crops do you grow in the wet/dry season 

_____________________________________________________________________

_____________________________________________________________________ 

4. What can you grow all year round 

_____________________________________________________________________

_____________________________________________________________________  

5. Can you tell me if there are any crops which are native/traditional to this region 

_____________________________________________________________________

_____________________________________________________________________ 

6. What does your cropping layout look like 

_____________________________________________________________________

_____________________________________________________________________ 

7. What crops do you rotate with each other 

_____________________________________________________________________

_____________________________________________________________________ 

8. What are your current yields 

_____________________________________________________________________ 

9. Have you noticed any changes in your yields 

_____________________________________________________________________ 

10. Which organisations assist you with crop selection 

_____________________________________________________________________ 

11. Does the government provide funding for any crops in particular 

_____________________________________________________________________ 

12. Are there any animals or plants which help your crops to grow better 

_____________________________________________________________________

_____________________________________________________________________ 

13. Can you tell me about any crop failures you have had in the past 

_____________________________________________________________________

_____________________________________________________________________ 
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14. How do you harvest your crops 

_____________________________________________________________________

_____________________________________________________________________ 

15. Who helps you during harvest 

_____________________________________________________________________ 

16. How do you celebrate harvest 

_____________________________________________________________________

_____________________________________________________________________ 

 

Social 

1. What foods do you eat more often 

_____________________________________________________________________ 

2. How much food do you need to buy to supplement your farm – describe per season 

_____________________________________________________________________

_____________________________________________________________________ 

3. Where do you buy your extra goods from 

_____________________________________________________________________

_____________________________________________________________________ 

4. Do you make or sell art, craft or food at the markets or anywhere else 

_____________________________________________________________________

_____________________________________________________________________ 

5. Who sells these 

_____________________________________________________________________ 

6. What are the roles of the family members on the farm and around the house 

_____________________________________________________________________

_____________________________________________________________________ 

7. Do other members of the community work on your farm and is this paid or voluntary 

_____________________________________________________________________

_____________________________________________________________________ 

8. What are the religious celebrations you have and what is involved in these 

_____________________________________________________________________

_____________________________________________________________________ 

9. Describe how the role of the children change as they grow into adults 

_____________________________________________________________________

_____________________________________________________________________ 

10. What types of technology do you use 

_____________________________________________________________________

_____________________________________________________________________ 
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11. How do you use these to help your farming 

_____________________________________________________________________

_____________________________________________________________________ 

12. If my cow walks onto your land and eats your crops what do you and I do? 

_____________________________________________________________________

_____________________________________________________________________ 

13. If there are arguments between people in the community, who are they sorted out 

by  

_____________________________________________________________________

_____________________________________________________________________ 
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Questions Please circle a response 

How often do you think about the future of 
your soil? 

 
Always                often                sometimes             rarely             never 

How often do you think about the future of 
your rivers? 

 
Always                often                sometimes             rarely             never 

Choose one of more areas of your farm can 
pesticides harm? 

 
Family          soil         fish           birds        mammals/reptiles          crops           water 

Are traditional ways good for farming?  
Always                often                sometimes             rarely             never 

Is western science the only way to improve 
farming? 

 
Always                often                sometimes             rarely             never 

Do you think farmers need to change the way 
they do things? 

 
Yes          No 

What difference can you make to the health of 
your community? 

 
No difference              a bit of difference                a good difference         a big difference 

Is it important that farmers plan for sustainable 
agriculture? 

 
Very important        important      not important    I don’t care about it        I don’t understand it 

Is it important that the community plans for 
sustainable agriculture? 

 
Very important        important      not important    I don’t care about it        I don’t understand it 

Who do you plan the future for? Choose one or 
more 

Self                   family                    community                       country                all of these 

Who is negatively impacted by your farming 
practices? Choose one or more 

Self                   family                    community                       country                all of these 

Choose one or more areas which of are 
negatively affected by your farming choices 

 
Local animals               rivers              soil              atmosphere 

Do you feel cash crops will fix all of your 
problems 

All of your problems      some of your problems        none of your problems 

Research Instrument 4 

Sustainable Agricultural Learning Framework Survey (Pre and Post) 
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Research Instrument 5 

Changed Agricultural Practices Survey 

 

 

1. What do you remember from the training? 

___________________________________________________________________________

___________________________________________________________________________ 

2. What topics were the most important for you? 

___________________________________________________________________________

___________________________________________________________________________ 

3. Have you changed any of the ways you do things since the training? If so, please list. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

4. Do you feel you have made the right choices for you and your family? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

5. What training or support do you need now? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

6. Do you think that the training would help other communities in Papua New Guinea? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

Name:_________________

______________ 

Participant no. :_________ 
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Appendix 4: Semi-structured interview data 
  



336 
 

 
 

Semi-structured interview questions and data 

Background 

Question 1: What is your age? 

Table 1 

Papua New Guinea 

Coded response Code Frequency Percent 

10 to 20 1 2 7.2 

21-30 2 2 7.2 

31-40 3 11 39.3 

41-50 4 8 28.6 

51-60 5 2 7.2 

61-70 6 2 7.2 

71-80 7 1 3.6 

    28 100 

 

Table 2 

Vanuatu 

Coded response Code Frequency Percent 

10 to 20 1 0 0.0 

21-30 2 5 14.3 

31-40 3 9 25.7 

41-50 4 11 31.4 

51-60 5 6 17.1 

61-70 6 3 8.6 

71-80 7 1 2.9 

    35 100 

 

Question 2: What is your Gender? 

Table 3 

Papua New Guinea 

Coded response Code Frequency Percent 

Male 1 23 82.1 

Female 2 5 17.9 

    28  100 
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Table 4. 

Vanuatu 

Coded 
response Code Frequency Percent 

Male 1 19 54.29 

Female 2 16 45.71 

    35  100 
    

 

Question 3: To what level have you completed your education? 

Table 5. 

Papua New Guinea 

Coded response Code Frequency Percent 

None 1 15 53.5 

Primary 2 4 14.3 

Year 10 3 3 10.7 

Secondary 4  0  0.0 

Vocational Ed 5 5 17.9 

Tertiary 6 1 3.6 

    28  100 

 

Table 6. 

Vanuatu 

Coded response Code Frequency Percent 

None 1 4 13.3 

Primary 2 20 66.7 

Year 10 3 3 10.0 

Secondary 4 3 10.0 

Vocational Ed 5  0 0.0 

Tertiary 6  0 0.0 

    30 100.0 
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Question 4: What is the size of your farm? 

Table 7. 

Papua New Guinea 

Coded response Code Frequency Percent 

1-10 1 15 53.6 

11-20 2 1 3.5 

21-30 3  0  0.0 

31-40 4  0  0.0 

41-50 5  0  0.0 

50+ 6 2 7.1 

unsure 7 10 35.7 

    28 100 

 

Table 8. 

Vanuatu 

Coded response Code Frequency Percent 

1-10 1 28 93.3 

11-20 2  0 0.0 

21-30 3  0 0.0 

31-40 4 1 3.3 

41-50 5  0 0.0 

50+ 6 1 3.3 

unsure 7  0 0.0 

    30 100.0 

 

Knowledge 

Question 1: How old were you when you started farming? 

Table 9. 

Papua New Guinea 

Coded response Code Frequency Percent 

0-10 1 9 34.6 

11-20 2 14 53.8 

21-30 3 3 11.6 

31-40 4 0 0.0 

41-50 5 0 0.0 

    26 100 
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Table 10. 

Vanuatu 

Coded response Code Frequency Percent 

0-10 1 9 30 

11-20 2 18 60 

21-30 3 3 10 

31-40 4  0 0 

41-50 5  0 0 

    30 100 

 

 

Question 2: Who taught you how to farm? 

Table 11. 

Papua New Guinea 

Coded response Code Frequency Percent 

Family 1 22 78.6 

College 2 1 3.6 

extension agent 3 2 7.1 

self taught 4 3 10.7 

   28 100 

 

Table 12. 

Vanuatu 

Coded response Code Frequency Percent 

Family 1 28 93.3 

College 2 1 3.3 

extension agent 3 1 3.3 

self taught 4  0 0.0 

    30 100.0 
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Question 3: How were you taught to farm? Give examples. 

Table 13. 

Papua New Guinea 

Coded response Code Frequency Percent 

Practical 1 3 11.5 

Observation 2 5 19.2 

Demonstration 3 15 57.7 

Instruction 4 3 11.6 

    26 100 

 

Table 14. 

Vanuatu 

Coded response Code Frequency Percent 

Practical 1 9 34.6 

Observation 2 7 26.9 

Demonstration 3 9 34.6 

Instruction 4 1 3.8 

    26 100.0 

 

Question 4: Can you tell me any folklore/stories that the old people tell, which help you 

with your farming? 

No responses were made to this question in Papua New Guinea or Vanuatu 

Question 5: Who tells you about your place (social structure) in the community? 

Table 15. 

Papua New Guinea 

Coded response Code Frequency Percent 

Father 1 13 43.3 

Mother 2 4 13.4 

In laws 3 2 6.7 

grandparents 4 11 36.7 

    30 100 
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Question 6: Are you able to tell me about the types of mens/womens ceremonies (question 

was gender dependent)?  

No responses were recorded. 

 

Question 7: If you are able to talk about these, can you tell me what it is like for you during 

these ceremonies? 

Table 16. 

Vanuatu 

Coded response Code Frequency Percent   

None 1   2 11.8 

Sacred 2   1 5.9 

unfair  3    0 0.0 

Supply yam 4   4 23.5 

Feel happy 5   10 58.8 

      17 100.0 

Question 8: Can you tell me about the initiation rites during adolescents 

No responses were recorded. 

Question 9: Are there groups in or around the community who help you with learning about 

farming? 

Table 17. 

Papua New Guinea 

Coded response Code Frequency Percent 

Experienced farmers 1 8 33.4 

NGO 2 3 12.5 

None 3 12 50 

Government 4 1 4.2 

    24 100 
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Table 18. 

Vanuatu 

Coded response Code Frequency Percent 

Govt Extension 1 1 3.7 

NGO 2 0 0.0 

Family 3 8 29.6 

None 4 7 25.9 

Womens group 5 1 3.7 

Community sharing 6 10 37.0 

    27 100.0 

 

Question 10: Are you involved in these groups? 

Table 19. 

Papua New Guinea 

Coded response Code Frequency Percent 

Yes 1 8 40 

No 2 12 60 

    20 100 

 

Question 11: How often do you talk to these people about your farm? 

Table 20. 

Vanuatu 

Coded response Code Frequency Percent   

Daily 1   3 23.1 

Weekly  2   5 38.5 

Monthly 3   5 38.5 

      13 100.0 

 

Question 12: You have so much knowledge about your farm and the environment around 

us, how do you make sure all this knowledge lives on after you? 

Table 21. 

Papua New Guinea 

Coded response Code Frequency Percent 

Teaching Children 1 21 95.5 

Is not passed on 2 1 4.5 

    22 100 

 



343 
 

 
 

Question 13: What this have you discovered about this farm by yourself? 

Table 22. 

Papua New Guinea 

Coded response Code Frequency Percent 

Soil nutrition 1 2 10.5 

Careful maintenance 2 3 15.8 

Increasing yield 3 3 15.8 

Diversity of crops 4 2 10.5 

Markets 5 8 42.1 

Chemical input 6 1 5.3 

    19 100 

 

Table 23. 

Vanuatu 

Coded response Code Frequency Percent 

Soil nutrition 1 2 11.8 

Careful maintenance 2 0 0.0 

Increasing yield 3   0.0 

Diversity of crops 4 3 17.6 

Markets 5 5 29.4 

Chemical input 6  0 0.0 

Farming is a 
responsibility 7 1 5.9 

Pests 8 5 29.4 

Changed yield times 9 1 5.9 

    17 100.0 

 

Question 14: Have you inherited any secret knowledge which helps you to farm? 

Table 24. 

Papua New Guinea 

Coded response Code Frequency Percent 

Chemical inputs 1 4 18.2 

Integrating inputs 2 3 13.6 

Natural inputs 3 2 9.1 

Crop care 4 3 13.6 

Did not share 5 10 45.5 

    22 100 
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Table 25. 

Vanuatu 

Coded response Code Frequency Percent 

Chemical inputs 1 0 0.0 

Integrating inputs 2 0 0.0 

Natural inputs 3 2 6.7 

Crop care 4 0 0.0 

Did not share 5 27 90.0 

Traditional methods 6 1 3.3 

    30 100 

 

Use of ICT for agricultural knowledge 

Question 1: Do you use any of the following; internet, mobile phone or email to help you 

farm? 

Table 26. 

Papua New Guinea 

Coded response Code Frequency Percent 

Mobile Phone 1 8 32 

Internet 2  0  0.0 

Email 3  0  0.0 

None 4 17 68 

    25 100 

 

Table 27. 

Vanuatu 

Coded response Code Frequency Percent 

Mobile Phone 1 13 86.7 

Internet 2 2 13.3 

Email 3  0 0.0 

None 4 15 100.0 
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Question 2: Please list which ones. 

 

 

 

Question 3: how regular do you use it? 

a. daily 

b.weekly 

c. monthly 

d. yearly 

e. whenever you have access eg trips to town. 

f. other (expaination) 

Table 28. 

Papua New Guinea 

Coded response Code Frequency Percent 

Daily 1 3 37.5 

Weekly 2 5 62.5 

monthly 3  0  0.0 

Yearly 4  0  0.0 

Whenever access is 
available 5  0  0.0 

Other 6  0  0.0 

    8 100 

 

Table 29. 

Vanuatu 

Coded response Code Frequency Percent 

Daily 1 8 53.3 

Weekly 2 4 26.7 

monthly 3 1 6.7 

Yearly 4  0 0.0 

Whenever access is 
available 5 2 13.3 

Other 6  0 0.0 

    15 100.0 
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Learning 

Question 1: When people are teaching you how do you like to learn (provide local examples 

of visual, kinaesthetic, reading, written etc? 

Table 30. 

Papua New Guinea 

Coded response Code Frequency Percent 

Visual 1 12 42.9 

Kinaesthetic 2 8 28.6 

Reading 3 5 17.9 

Writing 4 3 10.7 

Listening 5 0  0.0 

    28 100 

 

Table 31. 

Vanuatu 

Coded response Code Frequency Percent 

Visual 1 19 65.52 

Kinaesthetic 2 1 3.45 

Reading 3 3 10.3 

Writing 4 3 10.3 

Listening 5 3 10.3 

    29 100.0 

 

Question 2: When the extension agents show you something do you always follow their 

instructions? 

Table 32. 

Papua New Guinea 

Coded response Code Frequency Percent 

Yes 1 16 84.2 

No 2 2 10.5 

Sometimes 3 1 5.3 

    19 100 
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Question 3: If the extension agent or someone else tells you to try something on your farm, 

what do you do, give examples. 

No responses were provided to this question. 

Question 4: How do you remember things in your head? 

Table 33. 

Papua New Guinea 

Coded response Code Frequency Percent 

Practical repetition 1 18 78.3 

Internal repetition 2 2 8.7 

Written 3 3 13.0 

    23 100 

 

Table 34. 

Vanuatu 

Coded response Code Frequency Percent 

Practical repetition 1 16 66.7 

Internal repetition 2 5 20.8 

Written 3 3 12.5 

    24 100.0 

 

 

Question 5: What things about farming would you really like to learn about that could help 

you? 

Table 35. 

Papua New Guinea 

Coded response Code Frequency Percent 

Any aspects relevant 1 2 9.5 

Chemical application 2 3 14.3 

Cash crops 3 10 47.7 

Soil Fertility 4 1 4.8 

Plant care and 
maintenance 5 5 23.7 

    21 100 
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Table 36. 

Vanuatu 

Coded response Code Frequency Percent 

Any aspects relevant 1 1 4.2 

Chemical application 2 0 0.0 

Cash crops 3 1 4.2 

Soil Fertility 4 2 8.3 

Plant care and 
maintenance 5 12 50.0 

Improve yields 6 1 4.2 

Market access 7 2 8.3 

Weather 8 5 20.8 

    24 100.0 

 

Soil 

Question 1: Can you describe to me the story of how this land was formed? 

Table 37. 

Papua New Guinea 

Coded response Code Frequency Percent 

Scientific 1 9 60.00 

Biblical 2 5 33.33 

Cultural 3 1 6.67 

    15 100.00 

 

Table 38. 

Vanuatu 

Coded response Code Frequency Percent 

Scientific 1 6 28.57 

Biblical 2 13 61.90 

Cultural 3 2 9.52 

    21 100.00 

  

Question 2: How does the soil change across your land? 

No responses were recorded. 

Question 3: How does the soil change across the other farmers lands compared to yours? 

No responses were recorded. 
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Question 4: Can you tell me the names of the soils on your land? 

Table 39. 

Papua New Guinea 

Coded response Code Frequency Percent 

Four soil types 1 3 18.75 

Three soil types 2 6 37.50 

Two soil types 3 4 25.00 

One soil type 4 3 18.75 

    16 100.00 

 

Table 40 

Vanuatu 

Coded response Code Frequency Percent 

Four soil types 1 0 0.00 

Three soil types 2 3 15.00 

Two soil types 3 12 60.00 

One soil type 4 5 25.00 

    20 100.00 

 

Question 5: What does the soil mean to you and your family? 

Table 41. 

Papua New Guinea 

Coded response Code Frequency Percent 

Mother 1 11 47.8 

Survival 2 12 52.2 

    23 100 

 

Table 42. 

Vanuatu 

Coded response Code Frequency Percent 

Mother 1 10 28.6 

Survival 2 16 45.7 

Money 3 7 20.0 

Home 4 1 2.9 

Identity 5 1 2.9 

    35 100.0 
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Question 6: Have you noticed any changes to your soil over the past 10 seasons? 

Table 43. 

Papua New Guinea 

Coded 
response Code Frequency Percent   

Yield 
decrease 1 8 36.4 

Many responses which highlight 
yield decrease relate it to a 
drop in soil nutrients 

Decrease 
in soil 
fertility 
level 2 8 36.4   

Yes 3 6 27.2 some just responded with a yes 

    22 100   

Table 44.  

Vanuatu 

Coded response Code Frequency Percent 

Yield decrease 1 1 4.2 

Decrease in soil 
fertility level 2 22 91.7 

Yes 3 1 4.2 

    24 100.0 

 

Question 7: What do you add to your soils before you start the planting of your crop? 

Table 45. 

Papua New Guinea 

Coded response Code Frequency Percent 

Manure 1 14 43.75 

Ash 2 4 12.5 

Compost 3 9 28.125 

Chemical input 4 3 9.375 

Nothing 5 2 6.25 

    32 100 
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Table 46. 

Vanuatu 

Coded response Code Frequency Percent 

Manure 1 1 5.0 

Ash 2  0 0.0 

Compost 3  0 0.0 

Mulch 4 5 25.0 

Chemical input 5  0 0.0 

Nothing 6 12 60.0 

traditional 7 2 10.0 

    20 100.0 

 

Question 8: What methods do you use to turn the soil over? 

No responses were recorded to this question. 

Question 9: What kinds of animals do you find in your soil? 

Table 47. 

Papua New Guinea 

Coded response Code Frequency Percent 

Macrofauna 1 24 96 

Mesofauna 2 1 4 

Microfauna 3 0  0 

    25 100 

 

No responses were recorded from participants in Vanuatu. 
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Question 10: What kind of weeds do you find in your soils? 

Table 48. 

Papua New Guinea 

Coded response Code Frequency Percent 

No English Term 1 3 7.89 

goat weed 2 12 31.58 

Wagi Grass 3 4 10.53 

Wandering zoo 4 1 2.63 

Mimosa 5 10 26.32 

Thickhead 6 4 10.53 

Mayflower 7 4 10.53 

    38 100.00 

 

Water 

Question 1: Tell me the story about the seasons of this country (local context) 

No responses were recorded. 

Question 2: What ceremonies are a part of each season? 

No responses were recorded in PNG. 

Table 49. 

Vanuatu 

Coded response Code Frequency Percent 

None 1 2 20 

land diving for kava cermony 2 1 10 

Yam planting/harvest 
ceremony 3 3 30 

Marriage in dry season 4 4 40 

    10 100 
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Question 3: When the wet season comes, tell me how your farm looks different. 

No responses were recorded. 

 

 

Question 4: What crops do you irrigate?  

Table 50. 

Vanuatu 

Coded response Code Frequency Percent 

root 1 3 20 

leaf 2 9 60 

fruit 3 3 20 

    15 100 

 

Question 5: How do you irrigate? 

Table 51. 

Vanuatu 

Coded response Code Frequency Percent 

Pump 1  0 0  

Bucket/container 2 9 90 

Truck 3  0 0 

Pipes 4 1 10 

    10 100 

 

Question 6: Which organisations help you with irrigation? 

Not relevant in this context 

Question 7: How does your community organise the irrigation system? 

No relevant to the context 

Question 8: Which community member is in charge of the irrigation system? 

Not relevant to the context 

Question 9: Can you tell me the rain story? 

No responses were recorded. 
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Question 10: Have you noticed any changes in the seasons, does it seem to rain longer, is it 

colder, is it hotter, does the dry season go for longer? 

Table 52. 

Papua New Guinea 

Coded response Code Frequency Percent 

Become 
unpredictable 1 12 70.59 

Equal wet/dry 
periods 2 1 5.88 

More prolonged dry 
season 3 3 17.65 

Extended wet 
season 4 1 5.88 

    17 100.00 

 

Table 53. 

Vanuatu 

Coded response Code Frequency Percent 

Become unpredictable 1 1 4.35 

Equal wet/dry periods 2  0 0.00 

More prolonged dry 
season 3 19 82.61 

Extended wet season 4 0 0.00 

Colder 5 3 13.04 

    23 100.00 

 

Question 11: Tell me how the water moves through the land 

No responses were recorded. 

Question 12: What tells you when the plants need more water and when they have had 

enough water? 

Table 54. 

Papua New Guinea 

Coded response Code Frequency Percent 

Soil texture 1 13 76.47 

Plant Colour 2 4 23.53 

    17 100.00 
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Cropping 

Question 1: What is the history of farming in this area? 

No responses were recorded. 

Question 2: Tell me about the cropping calendar 

Table 55. 

Papua New Guinea 

Coded response Code Frequency Percent 

Planting 
determined by 
months 1 13* 65.00 

Planting 
determined by 
weather 2 1 5.00 

Planting 
determined by 
the sun 3 5# 25.00 

Planting 
determined by 
animals 4 1 5.00 

    20 100.00 

*92% = of Kukan Village 

#Kudjip Ownim Village 

Question 3: What crops do you grow in the wet/dry season? 

Table 56. 

Vanuatu 

Coded response Code Frequency Percent 

Dry       

Banana 1 6 15.00 

yam 2 9 22.50 

Kava 3 0 0.00 

cabbage 4 1 2.50 

kumula 5 13 32.50 

taro 6 2 5.00 

Manioc 7 9 22.50 

    40 100.00 
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Table 57. 

Vanuatu 

Coded response Code Frequency Percent 

Wet       

Manioc 1 8 20.51 

Cabbage 2 10 25.64 

Kumula 3 3 7.69 

Kava 4 5 12.82 

taro 5 9 23.08 

Banana 6 2 5.13 

yam 7 1 2.56 

Beans 8 1 2.56 

    39 100.00 

Question 4: What can you grow all year round? 

Table 58. 

Papua New Guinea 

Coded response Code Frequency Percent 

Kaukau 1 21 41.18 

Banana 2 13 25.49 

Greens 3 3 5.88 

Capsicum 4 3 5.88 

Corn 5 3 5.88 

Sugar cane 6 3 5.88 

Coffee 7 1 1.96 

Peanut 8 3 5.88 

Cucumber 9 1 1.96 

    51 100.00 

Table 59. 

Vanuatu 

Coded response Code Frequency Percent 

Kumula 1 14 29.17 

Banana 2 6 12.50 

Greens 3 0 0.00 

Capsicum 4 0 0.00 

Corn 5 0 0.00 

Sugar cane 6 0 0.00 

Coffee 7 0 0.00 

Peanut 8 0 0.00 

Cucumber 9 0 0.00 

Manioc 10 17 35.42 

Island cabbage 11 4 8.33 

Taro 12 6 12.50 

Beans 13 1 2.08 

    48 100.00 
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Question 5: Can you tell me if there are any crops which are native/traditional to this 

region? 

Table 60. 

Papua New Guinea 

Identification of 
Native crops       

Pitpit 1 4 6.25 

Red pandanus 2 8 12.50 

Banana 3 17 26.56 

Wing bean 4 2 3.13 

Sugar cane 5 15 23.44 

kaukau 6 14 21.88 

Taro 7 4 6.25 

    64 100.00 

Question 6: What does your cropping layout look like? 

Responses did not suit the interview format – question was asked during observations 

Question 7a: What crops do you intercrop with each other?  

Table 61. 

Vanuatu 

Coded response Code Frequency Percent 

1-2 crops 1 13 52.00 

3-4 crops 2 10 40.00 

5-6 crops 3 2 8.00 

    25 100.00 

Question 7b. What crops do you rotate? 

Table 62. 

Vanuatu 

Coded response Code Frequency Percent 

Root to leaf 1 3 10.34 

leaf to fruit 2 7 24.14 

Legume to root 3 7 24.14 

Fruit to legume 4 1 3.45 

Root to fruit 5 2 6.90 

Do not rotate 6 2 6.90 

root to root 7 7 24.14 

    29 100.00 
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Question 8: What are your current yields?  

No responses were recorded to this question. 

Question 9: Have you noticed any changes in your yields? 

Table 63. 

Vanuatu 

Coded response Code Frequency Percent 

Loss 1 15 93.75 

increase 2  0 0.00 

no change 3  0 0.00 

have not noticed 4 1 6.25 

    16 100.00 

 

Question 10: Which organisations assist you with crop selection? 

Table 64. 

Papua New Guinea 

Coded response Code Frequency Percent 

None 1 24 100.00 

 

Table 65. 

Vanuatu 

Coded response Code Frequency Percent 

None 1 23 79.31 

Govt 2 0 0.00 

Commercial 3 5 17.24 

NGO 4 1 3.45 

    29 100.00 

 

Question 11: Does the government provide funding for any crops in particular? 

Table 66. 

Papua New Guinea 

Coded response Code Frequency Percent 

Yes 1 0   

No 2 24 100.00 
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Question 12: Are there any animals or plants which help your crops to grow better? 

Table 67. 

Papua New Guinea 

Coded response Code Frequency Percent 

Earthworm 1 8 38.10 

Snake 2 1 4.76 

Lizard 3 2 9.52 

Birds 4 5 23.81 

bees 5 5 23.81 

    21 100.00 

 

Question 13: Can you tell me about any crop failures you have had in the past?  

Table 68. 

Papua New Guinea 

Coded response Code Frequency Percent 

No failure 1 2 11.76 

Chemical input 2 0 0.00 

Organic input 3 1 5.88 

Pest  4 6 35.29 

Disease 5 2 11.76 

Weather 6 1 5.88 

other 7 5 29.41 

    17 100.00 

 

Table 69. 

Vanuatu 

Coded response Code Frequency Percent 

No failure 1  0 0.00 

Chemical input 2  0 0.00 

Organic input 3  0 0.00 

Pest  4 3 37.50 

Disease 5  0 0.00 

Weather 6 5 62.50 

other 7  0 0.00 

    8 100.00 
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Question 14: How do you harvest your crops?  

Table 70. 

Vanuatu 

Coded response Code Frequency Percent 

Hand tools 1 12 42.86 

Traditional 
instruments 2 13 46.43 

Hands 3 3 10.71 

    28 100.00 

 

Question 15: Who helps you during harvest? 

Table 71. 

Papua New Guinea 

Coded response Code Frequency Percent 

Family 1 21 95.45 

Community 2 1 4.55 

    22 100.00 

 

Table 72. 

Vanuatu 

Coded response Code Frequency Percent 

Family 1 25 73.53 

Community 2 9 26.47 

    34 100.00 

 

Question 16: How do you celebrate harvest? 

Table 73. 

Papua New Guinea 

Coded response Code Frequency Percent 

Meat 1 11 52.38 

Feast 2 10 47.62 

    21 100.00 

 



361 
 

 
 

Table 74. 

Vanuatu 

Coded response Code Frequency Percent 

Meat 1 1 5.56 

Feast 2 11 61.11 

no harvest, just sell 3 2 11.11 

Church 
blessing/offering 4 4 22.22 

    18 100.00 

 

Social 

Question 1: What foods do you eat more often?  

Table 75. 

Papua New Guinea 

Coded response Code Frequency Percent 

Kaukau 1 22 100 

 

Table 76. 

Vanuatu 

Coded response Code Frequency Percent 

Kumula 1 14 25.0 

Rice 2 6 10.7 

Greens 3 1 1.8 

Banana 4 15 26.8 

Taro 5 7 12.5 

Manioc 6 12 21.4 

yam 7 1 1.8 

    56 100 
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Question 2: How much food do you need to buy to supplement your farm?  

Table 77. 

Papua New Guinea 

Coded response Code Frequency Percent 

Processed food 1 7 27% 

None 2     

    25   

 

Table 78. 

Vanuatu 

Coded response Code Frequency Percent 

Rice 1 30 86.7 

None 2  0 0.0 

bread 3 1 2.9 

Sugar 4 4 11.4 

    35 100 

Question 3: Where do you buy your extra goods from?  

Table 79. 

Vanuatu 

Coded response Code Frequency Percent 

town stores 1 21 67.7 

Cooperative 2 4 12.9 

Market 3 6 19.4 

    31 100 

 

Question 4: Do you make or sell art, craft or food at the markets or anywhere else?  

Table 80. 

Papua New Guinea 

Coded response Code Frequency Percent 

Yes 1 24 100% 

No 2 0   

Table 81. 

Vanuatu 

Coded response Code Frequency Percent 

Yes 1 17 1 

No 2 0 0 

    17 100 
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Table 82. 

Papua New Guinea 

Coded response Code Frequency Percent 

Food 1 14 73.68 

Art 2 1 5.26 

Craft 3 3 15.79 

Nothing 4 1 5.26 

    19 100.00 

 

Question 5: Who sells these?  

Table 83. 

Papua New Guinea 

Coded response Code Frequency Percent 

Male 1 9 40.9 

Female 2 13 59.1 

Other 3 0  0 

    22 100 

 

Table 84. 

Vanuatu 

Coded response Code Frequency Percent 

Male 1  0 0 

Female 2 16 94 

Other 3 1 6 

    17 100 

 

Question 6: What are the roles of the family members on the farm and around the house?  

No responses recorded. 
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Question 7: Do other members of the community work on your farm and is this paid or 

voluntary?  

Table 85. 

Papua New Guinea 

Coded response Code Frequency Percent 

Paid with food 1 10 43.5 

Paid with money 2 8 34.8 

Voluntary 3 5 21.7 

  Total 23 100 

 

Table 86. 

Vanuatu 

Coded response Code Frequency Percent 

Paid with food 1 4 18.2 

Paid with money 2 9 40.1 

Voluntary 3 9 40.1 

  Total 22 100 

Question 8: What types of technology do you use? 

Table 87. 

Vanuatu 

Coded response Code Frequency Percent 

IPad/Computer 1 0 0 

Hand tools 2 17 80.6 

Mobile phone 3 1 5 

Tractor 4 3 14.4 

    21 100 

Question 9: How do you use these to help your farming?  

No responses recorded. 

Question 10: If my cow walks onto your land and eats your crops what do you and I do?  

Table 88. 

Papua New Guinea 

Coded response Code Frequency Percent 

Work together 1 2 10 

Monetary  2 13 65 

Violence 3 4 20 

Nothing 4 1 5 

    20 100 
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Table 89. 

Vanuatu 

Coded response Code Frequency Percent 

Work together 1 3 10.6 

Monetary  2 23 82.1 

Violence 3 2 7.3 

Nothing 4 0 0.0 

    28 100 

 

Question 11: If there are arguments between people in the community, who are they sorted 

out by?   

Table 90. 

Papua New Guinea 

Coded response Code Frequency Percent 

Village leaders/elders 1 23 100 

Police 2  0  0.0 

Family 3  0  0.0 

 

Table 91. 

Vanuatu 

Coded response Code Frequency Percent 

Chief 1 26 81.3 

Police 2 0 0.0 

Family 3 0 0.0 

pastor 4 6 18.7 

    32 100 
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Appendix 5: Sample Poster 
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Sample extension poster 

Kumus – Healthy foods

Amaranth

Karakap

Kaukau leaves

Cassava leaves

Wara kebis

Letis

Cabis

Vitamin C – 275mg
Iron  7.6mg

Vitamin C 64mg
Iron  8.9mg

Vitamin C 58mg

Iron  2.9mg

Iron  3.4mg
Vitamin C 35mg

Vitamin C 20mg
Iron  1mg

Vitamin C 46mg

Iron  0.8mg

Vitamin C  13mg

Iron  0.7mg

Water celery

Vitamin C 14mg

Iron  3mg
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Appendix 6: Extracts and samples of notes and transcripts from Papua 

New Guinea  
 

Refer to Google Drive found at: 

https://drive.google.com/drive/u/2/folders/1_UjZP6CLHMMe8QU2YTCPOhQGRpKPgi8K 
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Appendix 7: Extracts of notes and transcripts from Vanuatu 
 

 

Refer to Google Drive documents found at: 

https://drive.google.com/drive/u/2/folders/1D07WO7kUw8n7OvIYT6H2ofm6EJSpqCoF 
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Appendix 8: Comparative of European vs PNG traditional food crops 
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Comparison of western vs Indigenous food (based on 100g of produce) 
  

                      

English Name Tok Pisin name Scientific name 
Protein 
(g) 

Zinc 
(mg) 

Energy 
(Kj) 

Iron 
(mg) 

Vitamin A 
(RAE) 

Vitamin C 
(mg) 

Calcium 
(mg) 

Method of 
preparation 

Peanuts Galip Pinat Arachis hypogaea 25.19 4.43 2481 2.55 0 0 89 raw 

Winged bean 
(seeds, dry) Asbin 

Psophocarpus 
tetragonolobus 29.65 4.4 1764 15 0 0 440 raw 

Taro  taro tru Colocasia esculenta 1.96 3.2 1231 0.7 4 5 12 boiled 

Winged bean 
(roots)     11.6 1.4 619 2 0 0 30 raw 

Potato Peteta Solanum tuberosum 3.5 0.49 424 0.83 0 26 6 boiled 

Corn Kon Zea mays 3.27 0.46 359 0.52 11 6.8 2 raw 

cauliflower   Brassica oleracea 2.82 0.41 142 0.73 0 89.2 47 raw 

snake bean snake bean Vigna unguiculata 2.8 0.37 196 0.47 43 18 50 raw 

Cassava Tapiok Manihot esculenta 1.4 0.34 669 0.27 1 20.6 16 raw 

pumpkin pamkin Cucurbita maxima 1 0.32 108 0.8 426 9 21 raw 

Sweet potato Kaukau Ipomoea batatas 1.57 0.3 360 0.61 709 2.4 30 raw 

Yam Yam Dioscorea 1.53 0.24 493 0.54 7 17.1 17 raw 

cabbage cabis Brassica oleracea 1.28 0.18 106 0.47 5 36.6 40 cooked 

Capsicum Capsicum Solanaceae 0.86 0.13 83.6 0.34 18 80.4 10 raw 

Banana     3.3     1.5 3   20   

sago Saksak Metroxylon sagu 0.2   1197 0.7   0 10 raw 

Sorghum     7.6     4.7 0   11   
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Leafy Green 
Tok Pisin 
Name scientific name Protein (g) Zinc (mg) Energy (Kj) Iron (mg) 

Vitamin A 
(RAE) 

Vitamin C 
(mg) 

Calcium 
(mg) Raw Leaves 

Amaranth 
leaves   

Amaranth 
Cruentus 4.9   189 5.7   108 215 raw 

Cassava 
leaves   

Manihot 
esculenta 7.1   382 7.6   275   raw* 

Winged Bean Asbin 
Psophocarpus 
tetragonolobus 5 1.3 197 6.2 13 30   leaves 

Watercress Wara Kebis 
Nasturtium 
officinale 2.9 0.7 110 3   101 85 raw 

Water drop 
wart   

Oenanthe 
javanica 1.8 0.5 117 3 40 6   leaves 

Sweet Potato Kaukau Ipomoea batatas 3.5   168 8 105 58 70 Leaves  

Blackberried 
nightshade 

Karakap 
leaves Solanum nigrum 4.3   60 1 70 20   leaves 

cabbage cabis 
Brassica 
oleracea 1.28 0.18 106 0.47 5 36.6 40 cooked 

Lettuce Letis Lactuca Sativa 1 0.21 40 0.61   4 19 Leaves 

Taro Taro Tru 
Colocasia 
esculenta 4.98 0.41 177 2.25 241 52 107   

Kapiak   
Ficus 
dammaropsis               

young leaves and fruit, 
leaves are used for 
wrapping food whil 
being cooked 

Swamp 
Morning 
Glory Kangkong 

Ipomoea 
aquatica 3.9 0.2 84 4.5   16 71   

Vegetable 
Fern Fern 

Diplazium 
esculentum 3.6   88 4.4   25     

Rungia   Rungia klossii               leaves 
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Appendix 9: Extract from the Natural Farming Book for Vanuatu 
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Yumi improvem oli gardens blong one 
community 

 

How hem nitrogen helpem yield? 

Natural Farming Intraodaksen 

1. Natural farming hem I wan new method blong mek use long natural power blong 

kasem full performance blong hem. 

2. Hem I usum ol natural materials blong producem wan gudfala result. Ol natural 

materials ia  

• Yu save faenem mo I available locally  

• Ol farmas nomo oli mekem 

• Ol materials ia oli cheap 

• Ol materials ia oli I ol waste nomo 

3. Natural farming hem I no usum 

➢ Ol herbicides 

➢ Ol pesticides 

➢ Antibiotics 

➢ Hormones 

➢ Artificial chemicals 

 

 

Name of fertilizer Benefits 

Soil Plants 

Indigenous micro 
organisms (IMO) 

➢ Use in compost to 
speed up fermentation 
process. 

➢ Improves activity of 
microbes. 

➢ Increase population of 
earthworms. 

➢ Increase plant’s 
resistance to pests 
and diseases. 

➢ Improves nutrient 
intake of plants. 

➢ Encourage plants to 
have a lot of roots, 
shoots, flowers and 
fruits. 

Fermented fruit juice 
( FFJ) 

➢ It provides potassium. 
➢ Improves activity of 

microbes. 
 

➢ It provides good 
quality fruits. 

➢ Produces strong and 
healthy branches, 
stems and shoots. 
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➢ Increase plant’s 
resistance to weeds. 

Fermented plant 
juice ( FPJ) 

➢ Improves activity of 
microbes. 

➢ It provides 
phosphorous, iron and 
manganese . 

➢ Cause plants to grow 
fast.  

➢ Increase plant’s 
resistance to weeds. 

➢ Produces plants with 
strong stems and 
branches. 
 

Fish amino acids ( 
FAA) 

➢ It provides nitrogen 
➢ Increase the population 

of earth worm. 
➢ Increase microbial 

activity in the soil. 

➢ Increase plant’s 
resistance to weeds. 

➢ Help weak plants to 
grow well. 
 

Water soluble 
calcium  
( WCA) 

➢ Supply calcium to the 
soil. 
 

➢ Produces plants with 
high quality fruits. 

➢ Plants have good 
growth. 

Lactic acid bacteria 
serum (LAS) 

➢ Increase population of 
beneficial microbes. 

➢ Increase microbial 
activity. 
 

➢ Produces plants with 
healthy leaves. 

➢ Increase plant’s 
resistance to pests 
and diseases. 

 

Oriental herbal 
nutrient 
 ( OHN) 

➢ Increases microbial 
activity in the soil. 

 

➢ Produces strong and 
healthy plants. 

➢ Prevent pests and 
diseases that damage 
plants. 

 

 

FASIN BLONG MEKEM FERMENTED FRUIT JUS (FFJ) 
Ol samting we yu nidim: 

➢ 1 double page nius pepa(Daily post) 

➢ 1 kilo braon suka 

➢ 1pis rope blong wan mita 

➢ 1 baket 

➢ 1 skel 

➢ 1 smol klin timba 

➢ 1 smol knaef 

➢ 1 big spun 

➢ 1 sieve 

➢ 1 bandel ripe banana 

Yu save usem ol nara fruits tu olsem popo 

 

Hao blong mekem 
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1. Yu pelem aot ol skin blong ripe banana mo slicem i smolsmol 

2. Yu skalem 1 kilo mo putum long baket mo addem 1 kilo blong braon suka 

3. Afta yu kapremap baket witem nius pepa mo fasem tight witem rope 

4.Mo yu labelem after putum long wan ples we hem i dak mo colcol blong wan wik 

5.Afta long wan wik yu seperetem ol  ripe banana long wota blong ol.Now ia hem i ready 

now blong yu usem now. 

Hao blong usum FFJ  

◆ Yu save usem long kraon, ol plants, ol animol mo ol man 

1. Ol plants: Mixim witem wota mo wotarem long ol plants o long ol livs blong ol 

 

2.Ol animol: Mixim witem kaekae o driking wota 

 

3. Kraon: Mixim witem wota mo wotarem long kraon 

 

◆ Mixture: 8 Table spoon (tsp) = 4 liters of water  

 

Ol gudfala samting we FFJ I save mekem 

 

1.Kraon 

• Improvem activiti blong ol microbes 

• I mekem se kraon i helti 

• I addem potasium long kraon 

 

2. Ol plants 

• I mekem se ol branch, stampa , ol shuds mo ol livs oli stron 

• I mekem gud qualiti fruits 

• Mekem se plants oli helti 

• Mekem ol plants oli kompit witem ol wids 

 

 

3. Ol animol 

• I mekem se oli helti mo oli gat gud resistant blong fightem sikness 

• I mekem se oli save kaekae gud 

• I karem aot rubbish smel 

 

FASIN BLONG MEKEM FERMENTED PLANT JUS (FPJ) 
Ol samting we yu nidim: 

➢ 1 double page nius pepa(Daily post) 

➢ 1kilo braon suka 

➢ 1 pis rope blong wan mita( nylon) 

➢ 1 baket 

➢ 1  skel 

➢ 1 smol klin timba 

➢ 1 smol knaef 

➢ 1 marka 
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➢ 1big spun 

➢ Siev 

➢ Ol young shuts  blong banana( P) 

 

Wei blong mekem 

1. Yu go karem ol shut blong banana before sun i kirap 

2. Katem ol banana ia i smolsmol  afta yu skalem wan kilo mo putum long baket 

3. Yu putem wan kilo brown suka i go mo mixem gud witem spun 

4. Afta yu putum sam stone i go long baket blong mekem se ol banana shuts ia 

oli drown gud witem suka 

5. Yu kapremap baket witem nius pepa , mo fasem tight witem rope mo ritem dei 

we yu stat mo dei we bae yu havestem. 

6. Afta yu putum long ples we i dak mo colcol. 

7. Afta 24 hours yu openem mo karem out ol stone. 

8. Yu kapremap backegen mo putum bak long dak colcol ples ia blong wan wik 

9. Afta wan wik yu karem out ol shuts ia mo yu save usem wota we i stap . 

 

Wei blong usum FPJ  

 

➢ Yu save givem long ol plants, ol animol mo long kraon.Ol man tu oli save drik be 

i depen long wanem plant nao yu usem blong mekem. 

 

1. Ol plants: Yu mixim witem wota mo wotarem long ol or yu save sprayem long ol 

leaves 

 

2.  Ol animol: Mixim witem kaekae or wota blong ol.Yu save sprayem long fence blong 

ol pig blong karem out rubbish smel 

 

3. Kraon: Mixim witem wota afta yu wotarem long kraon blong incresem activiti blong 

ol microbes.Yu save mixim too witem kompost after lego blong wan wik before yu 

applaem kompost  

 

4.  Ol man: Oli save takem one part FPJ to 5 parts blong wota.Yu save putum lemon tu 

witem blong i mekem se hem i taste gud 

 

Mixture: 8 Table Spoon = 4 liters of  water 

 

 

Ol gudfala samting we FPJ i provaedem 

 

1. Kraon 

• Helpem activity blong ol microbes 

• I mekem se kraon i helti 

• I provaedem phosphrus 

 

2. Plants 

• I mekem se ol branches mo stampa i stron 
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• I mekem se ol ruts mo flowa oli effcient blong mekem ol fruits 

• I mekem se plants oli helti 

• I mekem se ol plants oli kompit witem ol wids 

• I mekem se ol plants oli gru quik 

 

3. Animols 

• 3. Ol animol 

• I mekem se oli helti 

• Oli save kaekae gud 

• I karem aot rubbish smel 

 

 

FASIN BLONG MEKEM FISH AMINO ACID (FAA) 

Ol samting we yu nidim: 

➢ 1 double page nius pepa(Daily post) 

➢ 1kilo braon suka 

➢ 1 pis rope blong wan mita( nylon) 

➢ 1 baket 

➢ 1  skel 

➢ 1 smol klin timba 

➢ 1 smol knaef 

➢ 1 marka 

➢ 1big spun 

➢ Siev 

➢ Fish waste ( kut/ sitsit) 

 

Wei blong mekem 

1. Scalem 1kg waste blong fish ( kut/ sitsit) 

2. Katem ol waste ia i go long smolsmol pis 

3. Putum ol i go long wan bucket. 

4. Addem 1 kg brown sugar i ko long bucket witem ol waste blong fish 

5. Stirem gud everi samting inside long bucket 

6. Kavremap mouth blong bucket witem wan butcher paper mo fasem witem 

rope 

7. Markem witem wan marker start date mo date blong harvest 

8. Putum bucket long wan colcol , dark place blong 3 weeks 

9. Afta long three weeks yu harvestem mo separate liquid long ol solid 

10. Now ia FAA  I ready . 

 

Wei blong usum FAA 

1. Ol plants: Yu save wotarem ol leaves mo yu save spray direct long ol plants 

 

2. Ol animals: Yu save mixim FAA witem ol kakai mo water blong ol animals. 
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3.  Long kraon: Yu save mixim FAA witem wota mo spray directly long kraon we plants 

i stap long hem.Yu save mixim witem compost leavem long wan week long wan dark 

place mo usum after long wan week blong broad cast long ol plants long farm. 

 

 

Mixture: 8 Table Spoon = 4 liters of water 

Ol gudfala samting we FAA i provaedem 

 

1. Kraon 

a. Mekem soil i rich mo stopem ol rabis bacteria blong kam 

b. Hem i increasem earth worm long kraon 

c. I mekem ol plants i strong blong compete witem ol wids 

d. Hem i increasem micro activity long kraon 

 

 

2. Plants 

• I mekem ol leaves blong ol plants i strong 

• I helpem ol weak plants blong oli save grow gud 

• I save helpem ol plants blong save fightem ol pest mo diseases 

 

  

 

 

3. Animols 

• I mekem animal i luk healthy 

• I  mekem animal i  grow quick taem 

• I tekem aot rubbish smell blong sisit blong ol animal 
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Appendix 10: Sample learning plan for the Sustainable Agricultural 

Learning Framework 
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Sample learning plan for the Sustainable Agricultural Learning Framework  

Date: 
 

Consent completed: 
 
YES      NO 

Place: 

Expected Outcomes: 
 
 
 

No. of 
Participants 

Name of interpreter: 
 

Introduction: 
 

• Give a background on myself and what I hope will be achieved (5mins) 

• Why am I doing this training (2 mins) 

• What will participants gain from this (2 mins) 

• How this will occur (1min) 

• Individual consent forms (20 mins) 

• 13 question survey (1hr) 
 

Body 
 
Climate Change: 

• Outline farmer discussions regarding the impacts of climate change in Vanuatu 
 

• Images of agriculture in Australia – Describe the benefits of this system (profits) 
and the pitfalls of this system (environmental and social) 

• Introduce the concept of sustainable agriculture – three legged stool 

• Introduce sustainable agriculture intensification 

• What is stopping Vanuatu from being sustainable – Climate change, urbanisation, 
land intensification and population. 

 
We will look at each of the three legs of the stool, starting with the 
environmental/agricultural: 
 
Environmental 

o Soil management practices 
- Mulching 
- Crop Rotation 
-Intercropping/mixed cropping 
- Cover Crop  
- Land Fallow 

Conclusion 
Review what was learnt 
Outline what will be included in the next program 
 

Resources used 

• PPT 

• Videos 
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• Prepare materials for mulching – three different types, place them in some 
rubbish bags 

• Print out Crop rotation poster 1 and 2 

• Print out companion plants as a poster 

 

 

Use of IK 
Climate Change 
Traditional use of Taro – reinforce the 
uptake as a climate resilient food source 
Methods of traditional adaption practices 
Mulch 
Use of local and traditional materials for 
the mulch 
Incorporate mulch into traditional garden 
practices 
Shift from slash and burn to just slash and 
mulch during appropriate times. 
 
Crop Rotation 
Identify advantages of traditional rotation 
methods with different rations 
Tell the story of nitrogen fixation through 
the lens of certain rotations 
 
Intercropping/mixed Cropping 
Explore the story of some farmers 
experimenting with different intercropping 
The plant which may scare pigs with 
Explore taro with agroforestry 
Identify the advantages of border cropping, 
 
Cover Crops 
 
 
Fallow 
Describe traditional periods of fallow and 
the advantages of this 
 

Components of the SALF 

• Incorporates principles of sustainable 
agriculture 

• SALF program is founded on discussions 
from farmers - particular request for 
improving soil 

• Uses the stool concept to connect the 
system 

• Multi modal – SALF program includes 
videos, diagrams, posters, charts and 
practical aspects 

• Contextual – SALF in implemented 
within the boundaries of the village 

• Questions used to provide 
opportunities for reflection 

• Use of village pastor/chief to facilitate 

• Built on internal motivations – directed 
from COP 

• Some material written in Bislama 

•  
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Connection between IK , SALF and Western Science 

 

Philosophy Understandings of the philosophy Application of Western Science Application of IK to meet 
objectives of the philosophy 

Sustainable agriculture The foundational philosophy of the 
SALF is to provide learning which 
promotes sustainable agricultural 
practices. 

- Composting techniques 

- Plant health identification 

- Nutrient testing/control 

- Crop rotations 

- Erosion control 

- Using ICT 

- Natural pesticides 

- Basic climate science 

- Western calanders 

- Agroforestry systems 

Adaption techniques: 
- Burying taro 

- Clearing circles in the jungle 

- Fallow periods 

- Intercropping/border cropping 

- Crop rotations 

- Using mulch 

- Traditional calendars 

- Use of traditional materials and 

tools 

- Improved agroforestry systems  

Integration of 
agricultural Indigenous 
knowledge, Indigenous 
culture and western 
science. 

The framework entwines IK, IC and 
Western Science in order to ensure 
that learning is relevant, contextual 
and adds value to current sustainable 
practices. 
 

  

Social negotiation and 
shared responsibility of 
farmers 

A shared responsibility between 
farmers and extension workers 
provides a sense of ownership and 
engagement. 

Use of communities of practice 
and establishment of farmer 
cooperatives 

Use nakamals for meetings and use 
Chief for facilitation of meetings 
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Evaluates the multiple 
systems involved 

The framework incorporates systems 
incorporates the natural, social and 
artificial systems. 

Explore cash crops as artificial 
systems?? 
Use scientific examples of ways in 
which the environment, social 
and economic connect and how 
sustainable practices promote 
this 

Kastom knowledge of natural and 
social systems 

Multi-modal The framework identifies and allows 
for multiple intelligence and 
incorporates multiple modes of 
learning. 

Include video, posters, numerical, 
written, visual and demonstration 

Use of traditional communication 
techniques such as stories, 
symbols and songs and application 

Farmer centred The framework encourages deeper 
learning by allowing farmers to 
create knowledge as opposed to 
passively receiving information. 

SALF learning is built on COP 
responses and continued 
communication 

Identification of agricultural wants, 
needs and direction of the village 
this will ensure engagement of 
farmers 

Contextual/ Authentic The framework offers contextual 
learning, that is, it: 

- has an emphasis on problem 

solving and critical thinking 

- enhances self regulated 

learning 

- encourages shared learning 

- is authentic/real (Clifford and 

Wilson, 2000) 

Use western science to develop 
processes for deeper learning. 
Ensure all learning is based on 
local context. 
Agricultural issues include: 

- climate change adaption 
- soil management 
- financial planning 
- market access etc 

All content to be farmer driven and 
must focus on local issues. 

Facilitated learning The framework facilitates dialogue, 
experimentation and evaluation of 
these knowledge and resources. 

The researcher will also act as the 
facilitator, demonstrating 
methods of facilitation 

Use of village chief to support 
learning by acting as the facilitator 
of knowledge 
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Critical 
thinking/reflection 

Opportunities to reflect during and 
after learning provide farmers to 
critical evaluate their learning. 

Use mind maps, and SWOT 
analysis for reflection 

Spend time in the Nakamal 
discussing their thoughts on 
current and past agricultural 
practices 

Built from internal 
motivations 

Clearly identifying farmer internal 
motivations enhances engagement, 
participation and a willingness to 
learn. 

Internal motivations include: 
- ensuring a future for their 

children 
- paying of school fees 
- improved yields 
- maintaining soil nutrient 

levels 
- building a stronger village 
- Improving the church 
- Developing a cooperative 

etc 

Focus on the wants and needs of 
farmers 

Empirical Learning should be based on 
observation and experimentation 
within the socio-cultural and 
economic contexts 

Use of western science to develop 
good experimental methodology, 
including the processing and 
storing of data 

All practical components of the 
SALF will be undertaken within the 
grounds of the village, utlisaing 
resources which are accessible for 
farmers 

Shared knowledge The framework relies on knowledge 
being shared, farmer to farmer, 
farmer to extension agents, 
government and non-government 
oganisations. 

Use ICT to record aspects of the 
SALF to ensure relevant 
information is shared. Photos and 
other information may be placed 
on a website 

Use traditional stories to share the 
importance of agricultural 
knowledge. Use stories and songs 
to share agricultural knowledge 
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Current Extension Feedback Systems 

  

 

 

 

 

 

SALF Feedback System 

 

 

Technology 

generated by 

research 

institution 

Technology 

transferred to 

farmers 

   Technology 

applied 

Internal 

Motivations 

Identified through 

COPs 

Specific Agriculture 

Needs/problems 

identified via 

farmer 

consultation 

Indigenous 

knowledge/cultur

e identified & 

evaluated 

Expert Advice, 

scientific options 

identified & 

evaluated 

Indigenous and 

scientific 

knowledge 

integrated 

SALF designed 

and resourced 

SALF 

facilitated 
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Sample topics for the SALF as highlighted through the Vanuatu COP: 

Mens group 

Requested knowledge Potential IK link IK/Western Science 

Management in farming – look 
at integrated farming system 

Intercropping agroforestry 

Information on crop adaption to 
climate change 

Cutting circles 
Intercropping with 
shade plants 
Water storage and 
management 

Cutting circles - 
spacing 

Information about soils (testing, 
identifying the best soil) 

Using local soil names 
 

pH testing kits and 
charts 
 

How to use a small piece of land 
continuously 

Mulch 
 

Compost 

Irrigation techniques Local materials, bamboo  Water tanks 

Animal health/welfare Cattle, pigs, chickens Paravet techiques 

Methods of intercropping Utilise current methods Support this with 
explanation of 
western science 

How to grow citrus Application of traditional 
experimental techniques 

Western guides to 
planting citrus 

Calendar for planting of crops Identify traditional 
calendar 

Western calendar, 
discuss shifts in 
seasons 

Ladies 

Requested knowledge Potential IK link Western Science link 

Soil management Soil names Soil horizons 
Management 
practices 

Compost Local materials Western techniques 

Fish   

Plant health Local indicators 
Pest management 
techniques 
Local products to make 
natural pesticides 

Western indicators 
Identification and 
control methods 

Coffee Wild coffee Introduction only 

Young men 

Requested knowledge Potential IK link Western Science link 

Mahogany – specifically spacing 
and running cattle in the same 
area 

Traditional value of 
trees 

Agroforestry 
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Planting lemon orchard As above  

Finance  Western 
spreadsheets 

Melon and cucumber – planting 
times, requirements and 
calendars 

Use of planting 
indicators 

 

Coffee Wild coffee Introduction only 
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Appendix 11: Pre SALF and Post SALF Survey Data 
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Pre & Post SALF Program Survey Data 
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Pre and Post SALF Program Survey Data 
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