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Abstract 
The purpose of the current dissertation is to explore the contribution of development-oriented 
farmer groups to the diffusion of innovations in rural communities of Kenya and Ethiopia, to 
identify the key factors that determine the effectiveness of diffusion, and to derive recom-
mendations that aim at better utilizing the potential of groups for rural extension work.  

A profound review of four theoretical frameworks served to derive a multiple-pathway model 
of innovation diffusion that amalgamates major concepts of the social network and functional 
group theory. By accommodating multiplex social relationships and by facilitating analyses at 
multiple levels the model alleviates major conceptual shortcomings of previous research. 

The research employs a multiple case study design. Four peasant communities have been in-
vestigated that are largely comparable in respect with bio-physical conditions. The case stud-
ies aim to cover the maximum diversity with regard to the role of farmer groups in the pre-
vailing extension approach, as well as the mode of group organization. 

Data collection tools comprise reconnaissance surveys, standardized household interviews 
(N=841), qualitative key informant and in-depth interviews, participant observation, and the 
review of secondary sources. Group and non-group social networks constitute the units of 
analysis. Inferential statistical analyses mainly used multivariate linear regression techniques. 

The findings illustrate that farmers, through their group and non-group networks and under 
group-oriented and individual extension alike, exchange information, knowledge, social pres-
sures and other forms of influence that shape their individual adoption decisions. Yet, innova-
tions tend to disseminate more effectively in farmer groups vis-à-vis non-group networks, and 
the groups tend to be more effective when addressed by extension agents. 

Lack of access to extension services represents a crucial limitation to innovation adoption in 
the study villages. Yet, increased extension intensity has proved to foster innovation diffusion 
only in situations of group extension, whereas intensified individual extension services do not 
considerably increase horizontal farmer-to-farmer knowledge exchange. 

The research reveals that the advantage of farmer groups can be attributed to their dimorphic 
character combining the bridging and bonding effects of ‘weak’ and ‘strong’ ties. By facilitat-
ing the emergence of cohesive relationships among the group members and by simultaneously 
enhancing the members’ exposure to external information sources group-oriented extension 
work considerably contributes to foster the diffusion of innovations among farmers. 

Intermediate absolute levels of group homogeneity best facilitate the diffusion of innovations 
among the group members. The findings suggest that increased group activity can overcome 
diffusion barriers that arise from too heterogeneous or too homogeneous configurations alike. 

Member commitment is the group climate dimension most consistently related to diffusion 
effectiveness in farmer groups. The results suggest that group-oriented extension services can 
alleviate obstructions of the diffusion process that result from less favorable group climate. 

Thus, this research work proposes that the effectiveness of innovation diffusion among farm-
ers is under the managerial control of the extension agencies in group-oriented extension ap-
proaches through at least one of the following mechanisms: (a) promoting the emergence of 
cohesive member relationships, which in turn foster effective innovation spread; (b) stimulat-
ing the activity of farmer groups, which in turn compensates for less effective diffusion under 
unfavorable group composition; and (c) compensating for diffusion barriers that result from a 
less favorable group climate. Recommendations refer to the improvement of extension prac-
tice and directions for future research. 



 

 

 ix

Zusammenfassung 
Das Ziel vorliegender Dissertation ist die Untersuchung des Beitrags entwicklungsorientierter 
bäuerlicher Gruppen zur Ausbreitung von Innovationen in ländlichen Gemeinden Kenias und 
Äthiopiens, die Identifizierung von für die Wirksamkeit der Innovationsausbreitung bedeu-
tenden Schlüsselfaktoren und die Ableitung von Empfehlungen für eine verbesserte Nutzung 
der Potenziale dieser Gruppen für die ländliche Beratungsarbeit. 

Eine gründliche Analyse von vier theoretischen Rahmen dient als Ausgangspunkt für die Ab-
leitung eines Mehrpfad-Models der Innovationsausbreitung, welches grundlegende Konzepte 
der Sozialen Netzwerk- und funktionalen Gruppentheorie miteinander verbindet. Indem es die 
Multiplexität sozialer Beziehungen berücksichtigt und Analysen auf mehreren Ebenen ermög-
licht, geht das Modell über vorliegende Untersuchungen hinaus. 

Die Forschung ist als Mehrfachfallstudie konzipiert. Vier hinsichtlich ihrer bio-physikalischen 
Rahmenbedingungen weitgehend vergleichbare kleinbäuerliche Gemeinden werden unter-
sucht. Unterschiede zwischen den Fallstudien beziehen sich auf die Rolle der bäuerlichen 
Gruppen in der ländlichen Beratungsarbeit sowie die Art der Gruppenorganisation. 

Datenerhebungsinstrumente umfassen Gebietserkundungen, standardisierte Haushaltsinter-
views (N=841), qualitative Tiefeninterviews und Interviews mit Schlüsselinformanten, teil-
nehmende Beobachtung und Quellenstudien. Gruppen- und Nichtgruppen-Netzwerke stellen 
die Analyseeinheiten dar. Die multivariate lineare Regressionsanalyse ist das bevorzugte Ver-
fahren schließender Statistik. 

Die Ergebnisse zeigen, dass Kleinbauern die zur Fällung ihrer individuellen Adoptionsent-
scheidung relevanten Informationen, das Wissen, den sozialen Druck und andere Einflussme-
chanismen sowohl durch ihre Gruppen- als auch Nichtgruppen-Netzwerke sowie unter Grup-
pen- und Individualberatung gleichermaßen austauschen. Indessen sind bäuerliche Gruppen 
den Nichtgruppen-Netzwerken hinsichtlich der Innovationsausbreitung überlegen und die 
Ausbreitung von Innovationen in den Gruppen ist im Umfeld von Gruppenberatung besonders 
erfolgreich. 

Fehlender Zugang zu Beratungsdienstleistungen stellt eine wesentliche Begrenzung für die 
Ausbreitung von Innovationen in den Untersuchungsgebieten dar. Eine Intensivierung der 
Beratungsarbeit führt jedoch nur unter gruppenorientierter Beratung zu verbesserter Innovati-
onsausbreitung, während intensivierte individuelle Beratungsarbeit den Wissensaustausch 
unter den Bauern nicht wesentlich fördert. 

Die Forschung zeigt, dass die effektivere Innovationsausbreitung in Gruppen auf der Tatsache 
beruht, dass sie Eigenschaften ‚starker’ und ‚schwacher’ Sozialbeziehungen vereinen. Durch 
ihren Beitrag zur Entstehung enger Bindungen zwischen den Gruppenmitgliedern einerseits, 
sowie durch die Vermittlung des Kontakts zu äußeren Informationsquellen andererseits trägt 
Gruppenberatung entscheidend zur besseren Ausbreitung von Innovationen in Gruppen bei. 

Eine mäßige absolute Gruppenhomogenität ist der Ausbreitung von Innovationen unter den 
Gruppenmitgliedern am meisten dienlich. Die Ergebnisse zeigen, dass eine Steigerung der 
Gruppenaktivität die für zu heterogen oder homogen zusammengesetzte Gruppen typischen 
Diffusionsbarrieren überwinden helfen kann. 

Von den verschiedenen Dimensionen des Gruppenklimas bestimmt das Engagement der 
Gruppenmitglieder am eindeutigsten die Wirksamkeit der Innovationsausbreitung. Die Ergeb-
nisse zeigen, dass Gruppenberatung aus einem weniger günstigen Gruppenklima resultierende 
Störungen des Diffusionsprozesses ausgleichen kann. 

Insgesamt legt die Forschungsarbeit den Schluss nahe, dass die Wirksamkeit der Innovations-
ausbreitung unter den Bauern bei gruppenorientierter Beratungsarbeit durch die Beratungs-
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dienste gesteuert werden kann. Dafür ist mindestens einer der drei folgenden Mechanismen 
verantwortlich: (a) die Förderung enger Bindungen zwischen den Gruppenmitgliedern führt 
zu wirksamerer Innovationsausbreitung; (b) die Stimulierung der Gruppenaktivität gleicht die 
aus einer ungünstigen Gruppenzusammensetzung resultierenden negativen Folgen für die In-
novationsausbreitung aus; und (c) Diffusionsbarrieren, die einem ungünstigeren Gruppenkli-
ma entstammen, werden überwunden. Empfehlungen beziehen sich auf die Verbesserung der 
praktischen Beratungsarbeit und geben Hinweise für künftige Forschungsvorhaben. 
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1 Introduction 

1.1 Justification of the research 
The 24 nations with the lowest levels of human development are located in sub-Saharan Af-
rica (UNDP 2007:238 ff.). Between 29 and 70 % of the domestic population of these coun-
tries live from incomes ranging below the national poverty lines, which often lie at a per-
capita rate of less than 1 USD per day. Environmental degradation and adverse natural condi-
tions aggravate the socio-economic strain on the rural population of the region (UNEP 2006). 

Sustainable intensification and diversification of farm production is regarded as the way out 
of underdevelopment and rural poverty (WB 2007). On-farm cultivation and management of 
trees is acknowledged as one promising option to reverse the progressive degradation of the 
natural resource base in semi-arid regions and to simultaneously contribute to increase the 
socio-economic well-being of the largely subsistence-oriented farming population. Consider-
able efforts have been made to generate innovative farm management technologies that are 
socio-economically, environmentally and culturally adapted to the needs of farmers (e.g. An-
nen & Gebremedhin 2003, Böhringer 2001, Desta et al. 2005). Rural extension services are 
deemed to provide the integral link between research institutions, governmental bodies and 
non-governmental organizations (NGOs), markets and farmers to facilitate spread and im-
provement of peasant land management practices. 

Under traditional extension approaches the secondary transfer of technical messages from 
contact farmers to the wider community has been much less successful than anticipated 
(Röling & Pretty 1997). Inappropriate extension messages have been identified as one major 
failure cause, and participatory research and extension approaches have been developed to 
respond to this problem (cf. Belay & Abebaw 2004:145). Yet, successful examples of rural 
extension work that facilitates rural development and environmental rehabilitation largely 
stem from model projects that address spatially or socio-economically very confined popula-
tion strata (e.g. Amede et al. 2004, Assefa et al. 2004, Critchley & Cooke 1999, Reda et al. 
2005). Scaling-up of model experiences to larger levels often faces significant difficulties, and 
hardly has produced satisfactory outcomes. Hence, average adoption rates of innovative agri-
cultural technologies still remain much below official recommendations in large parts of sub-
Saharan Africa (e.g. Belay 2003:51, Chalchissa & Demeke 2002) and particularly the more 
sophisticated technologies have hardly been adopted by the majority of peasants (Gautam 
2000:24). 

Increased coverage of the farming community and improved dissemination of extension mes-
sages have been cited as major advantages inherent in group extension approaches (cf. 
Ofuoku et al. 2006:98). It has been argued that the reinforcing effects of group learning and 
group action have the potential to considerably increase extension efficiency (cf. Belay & 
Abebaw 2004:146). Effective communication and social organization at community level are 
regarded to equally benefit the generation (Engel 1997), adoption and spread of innovations 
(Hagmann et al. 1999). Towards the aim of self-sustaining innovation diffusion, initiating, 
intensifying and institutionalizing communication and horizontal knowledge exchange among 
farmers increasingly constitute core tasks of extension work (e.g. Scarborough et al. 1997, 
Selener et al. 1997). Indeed, group extension approaches have proved successful in many in-
stances in Africa (e.g. Simpson & Owens 2002, Wambugu et al. 2001). Examples show that 
agroforestry technologies can be more effectively scaled-up to larger areas through farmers 
groups as compared to conventional extension approaches (e.g. Noordin et al. 2001). 

Yet, some findings indicate that working with farmer groups does not per se guarantee suc-
cessful innovation spread (e.g. Davis 2006). Knowledge and technologies have not always 
disseminated beyond the targeted section of the population (e.g. Tripp et al. 2005). Group 
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extension has not inevitably led to a significant increase of agricultural productivity (e.g. 
Feder et al. 2004). It has been argued that groups sometimes fail to benefit low-resource and 
powerless farmers (e.g. Carney 1996), and that, despite the positive effect of farmer-to-farmer 
exchange, direct face-to-face contact between farmers and extension agents remains of key 
importance for increased innovation adoption (Glendinning et al. 2001). 

Simultaneously, research on the role of peasant groups in rural extension is scarce (cf. Davis 
2004:16-17). The conceptual base employed in existing research works is non-uniform and 
partly incoherent, and parts of the findings appear to be inconsistent. Due to their complex 
structure and highly context-specific functioning, peasant groups and the processes, which 
guide group performance in rural extension have not yet been adequately understood (e.g. 
Place et al. 2002). Hence, management options to purposefully increase the efficiency and 
effectiveness of farmer groups in rural extension work are limited and their potential cannot 
yet fully be exploited. Against this background, the purpose of the current research is to ex-
plore the contribution of farmer groups to the diffusion of innovations in rural communities, 
to identify the key factors that determine the effectiveness of this process, and to derive rec-
ommendations that aim at better utilizing the potential of these organizations for rural exten-
sion work. 

 

1.2 Group extension in Eastern Africa – the examples of Ethiopia and Kenya 
The involvement of farmer groups in the extension system is a relatively recent phenomenon 
in most countries of Eastern Africa, and the extent of group involvement differs markedly 
across countries. Yet, the current development traces back to common historical roots (see 
Belay & Abebaw 2004:142-146): After a long history of commodity-oriented extension that 
largely sidelined smallholder farmers and their indigenous organizations, top-down technol-
ogy transfer along the research-extension chain represented the guiding paradigm during the 
era of growth orientation after independence. During this time, the extension system mainly 
aimed to increase agricultural productivity and food security by popularizing ‘green revolu-
tion’ technologies, and extension services mainly targeted large-scale and/ or collectivized 
farms. Only the implementation of the structural adjustment programs during the 1980s and 
early 1990s that curtailed the activity of the bureaucratic and often inefficient governmental 
extension systems gave room for the emergence of more participatory extension and technol-
ogy development approaches that put their focus on small-scale farmers and their traditional 
institutions. Besides coupling modern scientific with indigenous technical knowledge for en-
hanced technology generation, these approaches aim to improve technology dissemination by 
exploiting the scale effects and farmer linkage mechanisms offered by farmer groups. In addi-
tion, agroforestry and farm forestry have started to become extension issues in the late 1970s 
and early 1980s only with the awaking concerns of firewood scarcity and growing environ-
mental degradation (cf. Holding et al. 1998:2). 

Abrupt shifts of the national political system, as well as changing preferences of bilateral do-
nors reflecting the predominant international paradigms of agricultural development at the 
time have triggered repeated organizational and conceptual re-orientations of the Ethiopian 
extension system (Kassa 2005). The line departments of the Ministry of Agriculture currently 
constitute the sole authorities responsible for rural extension in the country. Following the 
partial decentralization of the extension sector in the 1990s, a few NGOs also engage in agri-
cultural development activities (Belay 2003:51). Rural extension activities have largely been 
focused towards agricultural innovations. Agroforestry and farm forestry packages have only 
recently been included in the technology portfolio of the extension service (Kassa 2005:48). 
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The current national Ethiopian extension system1 is mainly geared towards increasing income, 
enhancing food security and conserving natural resources by improving the access of small-
scale farmers to appropriate technologies and credit in kind (Bonger et al. 2004:3). The ap-
proach explicitly stipulates that assisting farmers to organize themselves and to play a more 
active role in the extension system is part of the extension task (Kassa 2005:47). However, so 
far the new system has not fully been implemented across the country, and the involvement of 
farmer groups in the extension approaches of governmental and non-governmental actors var-
ies considerably. The task of group involvement has not been given due attention in most re-
gions (EEPRI 2005:35). Rather, community-based organizations and indigenous farmer 
groups are sometimes perceived as a threat to the function of the formal government structure, 
and no deliberate and positive interaction has been done to enhance these institutions (Aredo 
& Adal 2000:9 f.). Further criticism of the Ethiopian national extension system refers to the 
facts that extension agents largely remain conveyors of technical messages rather than being 
active facilitators of community capacity building (Ashworth 2005:8); that the majority of 
participant farmers have been selected by extension agents and advice is provided in a largely 
persuasive manner (Belay 2003:73); and that a coherent long-term extension strategy is lack-
ing, a fact which frequently leads to intensive but short-lived efforts to promote particular 
technologies in a campaign-like manner (Kassa 2005:51). 

National-level influences such as the weakening economy and corruption, as well as changing 
preferences of bilateral and international donors precipitated the recent shift of priorities in the 
national extension system of Kenya (Davis 2004:27 ff.). Whilst the Ministries of Agriculture, 
Environment and Natural Resources, and Energy had been the most prominent actors in agri-
cultural and agroforestry extension after independence until the 1990s (Tengnäs 1994:157 ff.), 
the national extension system disintegrated and a pluralistic extension system emerged, in 
which the state merely acts as a facilitator for the many providers of extension services, 
among them national and international NGOs, farmer groups and agro-business (Davis 
2004:35). Farm forestry extension services geared towards individual farmers already started 
in 1971, but the extension strategy shifted from the provision of seedlings to the facilitation of 
farmers and rural communities to establish their own nurseries (Muturi 1999:1-2). Currently, 
agroforestry extension is largely implemented as a component of integrated agriculture, natu-
ral resource management, or rural development projects (Stoney 1994:5). 

The current national extension system2 aims at enhancing the contribution of agriculture and 
livestock to social and economic development and poverty alleviation by promoting plural-
istic, efficient, effective and demand-driven extension services to farmers and agro-
pastoralists (Muyanga & Jayne 2006:14). Farmer groups are considered by both the Kenyan 
government and donors to be vehicles and entry points for new technologies (Davis 2004:44). 
A core strategy of the current extension system is the formation and facilitation of so-called 
‘common interest groups’ of farmers, which mostly center around the commercialization of 
minor agricultural businesses; and providing intensive extension services to these groups for a 

                                                 
1 The Participatory Demonstration and Training Extension System (PADETES) goes back to the extension ap-
proach SG-2000, which has been developed and successfully tested in Ethiopia by two international NGOs, viz. 
the Sasakawa Africa Association and the Carter Center (Kassa 2005). PADETES is being implemented through-
out Ethiopia. 
2 The National Agriculture and Livestock Extension Program (NALEP) constitutes an umbrella framework that 
integrates the pluralistic extension activities implemented by various actors, and serves to identify and facilitate 
replication of most successful approaches (Republic of Kenya 2001a). Design and implementation of the pro-
gram have been supported by the Swedish International Development Cooperation Agency (SIDA). Until the 
mid of 2005, NALEP has covered 43 of the 70 districts in Kenya (Cuellar et al. 2006). 
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limited period of time (Cuellar et al. 2006:3). As noted by Davis (2004:208), technical aspects 
related to the innovation and issues such as group dynamics, leadership and record-keeping 
would equally be addressed. Despite its merits, the system has been criticized on the ground 
that it is ambiguous on the specific roles of various actors in extension provision; that the ap-
proach reached only a limited number of farmers; and that it largely fails to benefit the poor 
and most disadvantaged strata of the rural population (cf. Muyanga & Jayne 2006:15). 

 

Given the desultory implementation of the governmental extension policy in parts of Ethiopia, 
and the plurality of extension stakeholders and approaches adopted in Kenya, the actual in-
volvement of farmer groups in rural extension varies considerably across both countries. From 
the coexistence of the diverse approaches and the varying roles that are assigned to farmer 
groups in the national extension systems emerge the need for – and the opportunity of – com-
parative evaluation and impact assessment. It is believed that studying farmer groups in vary-
ing external contexts is suited to effectively elucidate the diffusion of innovations among 
peasants. 

 

1.3 Objectives of the research 
The current research pursues the following general objective: 

- to characterize the diffusion of rural innovations in peasant communities of Kenya 
and Ethiopia through farmer groups and other pathways, and to create comprehen-
sive understanding of the factors that influence the diffusion of innovations in farmer 
groups. 

 

The following specific objectives will be pursued in this dissertation: 

- to develop a plausible framework to comparatively analyze the diffusion of selected 
agroforestry, forestry and agricultural technologies in farmer groups and through 
non-group pathways; 

- to assess the contribution of farmer groups to the technology diffusion process;  

- to identify and to evaluate the external and internal factors that determine the effec-
tiveness of the diffusion process in farmer groups; and 

- to identify and prescribe improvements of current extension practice with special 
emphasis on the enhancement of sustainable agroforestry practices. 

 

1.4 Organization of the dissertation 
The review of theoretical frameworks most commonly used to explain the adoption and diffu-
sion of innovations in rural communities constitutes the focus of Chapter 2. The chapter shall 
disclose the key independent variables and indicators that influence the diffusion process from 
a multi-theoretical perspective, and lead to the formulation of a coherent model of innovation 
diffusion suited to guide the research process, and to deriving research hypotheses. 

Chapter 3 presents the methodological framework of the current research. This includes the 
operationalized research variables derived from the theory review and the guiding model, the 
design of the research process, and the criteria used to identify suitable study sites. The chap-
ter shall, furthermore, elaborate in detail the data collection tools utilized and the analytical 
approach employed. 
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The natural, socio-economic and cultural conditions that prevail at the study sites shall be 
described in Chapter 4. Information concerning the type and intensity of the extension inter-
ventions implemented at the study areas, and the character and profiles of local farmer groups 
is of particular relevance for the research and shall be covered in depth. The purpose of these 
descriptions is to demonstrate the conformity of the study areas with the theoretically derived 
selection criteria and to validate the suitability of the study sites for the purpose of the current 
research. 

The research hypotheses shall be exposed to empirical testing in Chapters 5 through 7 con-
secutively. Comparing the diffusion of innovations through group and non-group pathways in 
Chapter 5 aims to reveal the diffusion effectiveness of farmer groups. The impact that external 
factors have on the diffusion of innovations in groups constitutes the focus of Chapter 6, in 
which the influence of the prevailing extension work shall be scrutinized. Chapter 7 investi-
gates how group-level factors, viz. group composition, activity and group processes, deter-
mine the effectiveness of innovation diffusion. 

Chapter 8 serves to synthesize and summarize the findings of the current research work. Con-
clusions shall be drawn, and recommendations for extension work and further research shall 
be derived. Relevant formulae, the research instruments used, a list of key informants inter-
viewed, statistical tabulations, and photographs of major agroforestry and related innovations 
studied, as well as of typical group and extension activities are included in the appendices. 
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2 Explaining the adoption and diffusion of innovations  

2.1 General remark 
A diversity of theoretical frameworks has been developed to explain the adoption and the dif-
fusion of innovations3 from the perspective of different scientific disciplines. Among the most 
frequently referred to theoretical frameworks are the decision-making theory, the theory on 
diffusion of innovations, and the social network theory. Although not explicitly covering the 
field of innovation adoption and dissemination, group theory provides the concepts necessary 
to adequately understand group processes, which is regarded as a precondition to fully grasp 
the diffusion of innovations in farmer groups. 

In the following, these theories shall be briefly characterized in terms of their roots, key con-
cepts, theoretical mechanisms, as well as major empirical research findings; and their rele-
vance for the current research shall be evaluated. By revealing the mechanisms that explain 
the diffusion of innovations from the perspective of different theoretical frameworks, this 
chapter seeks to establish a sound theoretical foundation of the current research. Furthermore, 
the multi-theoretical review shall disclose the domains of key independent factors that govern 
the adoption and diffusion process from the perspectives of each of these theories. Rather than 
the multitude of theoretically and empirically derived variables and indicators these domains 
are deemed the pertinent elements of a model suited to infer the research hypotheses and to 
guide the current research process.  

Although the four theories are not easily delineated from neighboring theoretical frameworks 
and despite the fact that their concepts and empirical findings partially overlap, they shall be 
presented in separate sections for conceptual reasons in the following. The key variables and 
indicators that shall be taken up to derive the relevant domains at the end of this chapter will 
be highlighted by underline in the following sections. 

 

2.2 Decision-making theory 
Decision-making theory is a framework frequently referred to for the explanation of innova-
tion adoption by individuals. At its early stages, the theory had mainly been shaped by 
mathematical economists and psychologists. The works of von Neumann & Morgenstern 
(1947), Black (1948), Edwards (1954) and Simon (1959) have widely been cited as the major 
foundations of the theory. 

The theoretical framework of decision-making has explicitly or implicitly been employed in a 
multitude of studies to investigate the adoption of new technologies by farm households (HH) 
in the tropics. Recent contributions in the field of agroforestry and farm forestry adoption in-
clude, for example, Achalu Debella (2003), Caveness & Kurtz (1993), Franzel (1999), and 
Salam et al. (2000). The basic presumption of the theory is that the adoption of an innovation 

                                                 
3 The individual-level aspect of innovation spread, i.e. the uptake of an innovation by an individual person or 
entity is termed adoption. This process starts from the point of first awareness and unfolds through the stages of 
persuasion, decision, implementation and confirmation (Rogers 2003:168-218). The term diffusion, in contrast, 
relates to the spread of an innovation at the aggregate system level that takes place through processes of imita-
tion and homogenization across time and space (Leeuwis & van Ban 2004:132, Mercer 2004:312, Metcalfe 
2005:172, Frenzel Baudisch & Grupp 2006:19). Rogers (1995:365, cited in Greenhalgh et al. 2004:192) differen-
tiated centralized and decentralized diffusion, the former referring to traditional ways of providing extension 
services by technical experts, and the latter denoting the horizontal spread among, and the continuous modifica-
tion, adaptation and re-invention of innovations by farmers. 
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by a household is based on the evaluation of information about alternative options, and results 
from a deliberate choice made among these alternatives in order to best attain a desired objec-
tive (Carroll & Johnson 1990, cited in Achalu Debella 2003:5). 

The theory is strongly rooted in the rational-choice paradigm that postulates rational utility 
maximization subject to various constraints as the ultimate objective of every decision-
making. Two approaches to decision-making studies exist: whilst the normative approach is 
concerned with identifying and prescribing optimal decisions and largely adopts highly for-
malized macro-level models that rest on a set of axioms about ideal individual human behav-
ior, the positive, or constative, approach assumes a descriptive perspective and aims to under-
stand how decisions are actually made in practice (ibid.:6-7, Sonkkila 2002:29). 

Empirical studies have contributed to considerably advance the notions of decision-making 
theory. Gladwin (1980), for example, introduced heuristic concepts into the theory by analyti-
cally dividing the decision-making process into two stages of rapid and unconscious elimina-
tion of unfeasible alternatives and thorough in-depth evaluation by ordering of the remaining 
alternatives along relevant constraints. The bargaining framework has amended the notion 
that the household constitutes a single unit of analysis by accounting for the different prefer-
ences of, and conflict and bargaining among the household members that ultimately influence 
the decision outcome (McGregor et al. 2001:68). The concept of bounded rationality moder-
ates the notion of rationality by acknowledging that decisions are usually made under situa-
tions of incomplete information, and that a diversity of objectives other than mere utility 
maximization may guide the decision-maker (Sonkkila 2002:31-32). McGregor et al. 
(2001:64), for example, quote stable food or cash sufficiency, economic survival, appropriate 
leisure time, and maintaining a position within the local community as the minimum objec-
tives pursued by a household. In addition it has been argued that the objectives of farmers are 
not static (Sonkkila 2002:35). 

As cited in Achalu Debella (2003:15), much of agricultural decision-making research has 
been focused on decision events rather than the process of decision-making. Mercer 
(2004:314-317) gives an overview on most commonly used models to study agroforestry 
adoption decisions. Bekele & Drake (2003:440) argue that the adoption decisions made by 
farmers are inherently multivariate decisions. Among the germane variables that have been 
identified as explaining individual adoption decisions are personality4, cognitive style5, and 
socio-economic characteristics6 of the decision-maker, inherent attributes of the innovation7, 
                                                 
4 This dimension refers to the attitudes or beliefs of an individual, for example the attitude towards risk and the 
probabilities he/she assigns to future events (Fleisher 1990, cited in Sonkkila 2002:34). The effect of attitudinal 
factors on social and agroforestry adoption has been highlighted by Mahapatra (2002:3-6) and Rai & Singh 
(1998); and Sood & Mitchell (2004) point at the importance of farmers’ perceptions. 
5 Cognitive style is the way in which individuals process information and arrive at judgments. Individuals with a 
higher education level or living in urban environments are generally able to process more information and use 
more complex decision rules (van Raaij 1988, cited in Sonkkila 2002:34). 
6 Asset heterogeneity is a major explicans of adoption decisions (Schuck et al. 2002:62-63). Larger farm size, 
significant family on-farm labor constraints and heavy dependence on off-farm income sources have been found 
to favor afforestation by farmers in Costa Rica (Thacher et al. 1997). The relationship of wealth and innovation 
adoption has been investigated by Dewalt & Musante Dewalt (1980). Gladwin (1980:51) highlights the ability of 
the decision-makers to bridge the time gap between investment and enjoyment of benefits. The importance of 
land tenure for the adoption of farm innovations has been stressed by Aw-Hassan et al. (2000), Manyong & 
Houndékon (2000) and Place & Swallow (2002) among others. However, as noted by Smucker et al. (2002), 
perceived stability of customary access to land via stable personal and social relationships is a more important 
determinant of technology adoption than formal land title in Haiti. Similarly, Amsalu & de Graaff (2007) have 
not found land tenure security influencing the adoption of soil conservation practices in Ethiopia. 
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bio-physical properties of the farmland8, and access to information and support programs9. 
This wing of decision-making research is methodologically and conceptually not very well 
separated from some of the research work undertaken within the diffusion of innovations 
framework (see Chapter 2.3). 

Research on decision-making in groups constitutes one of several areas of interest within the 
small group research (McGrath 1997:10; see Chapter 2.5). Most work has been undertaken in 
the fields of social psychology and organizational sciences. Publications on group decision-
making in the context of forestry or agroforestry are extremely rare.10 Experimental research 
represents the prevailing research approach. Yet, the premise of rational decision-making has 
scarcely been adopted since, as noted in Griffin (1994:253), not all decisions faced by a group 
are subject to rational consideration and reflective thinking, and decision-makers in reality are 
rarely fully informed, nor act they completely rational (Johnson & Johnson 1991:247). Con-
sequently, group decision-making research mainly addresses the way of how groups collect, 
process, and evaluate information, how consensus is being reached, as well as the socio-
psychological dynamics underlying the decision-making process (Guzzo 1982:4). The adop-
tion of innovations by groups in real-world situations has hardly been addressed by group 
researchers given the fact that most adoption decisions are inherently individual-level deci-
sions, and a research approach that could resolve the incompatibility of micro and macro-level 
methods of decision analysis is lacking (Strang & Soule 1998:286, McGregor et al. 2001:63). 
The study of individual adoption decisions in social groups conceptually falls into the realm 
of diffusion of innovations research. 

Compared to individual decision-making groups tend to make more informed decisions (Holl-
ingshead et al. 2005:31), but are less efficient than individuals in terms of decision-making 
speed (Ellis & Fisher 1994:48). Group decision-making has been conceptualized as a proc-

                                                                                                                                                         
7 Bekele & Drake(2003:444), for example, cite high cost of soil conservation structures as an inherent constraint 
on their adoption in Ethiopia. Amsalu & de Graaff (2007) found perceived and actual technology profitability 
explaining the adoption of such practices in Ethiopia. Economic importance of the resource and the demand for 
the product have been cited as major factors in Place & Dewees (1999:326-327) and Gladwin (1980:51). Glad-
win (1980:51) highlights the appropriateness of the innovation to the bio-physical conditions at the farmer’s field 
as one of several minimal conditions for innovation adoption. 
8 Slope and size of the farm plot (Bekele & Drake 2003) and soil fertility (Amsalu & de Graaff 2007) have been 
found to influence the adoption of soil conservation measures by Ethiopian farmers. Bannister & Nair (2003) 
found that land fertility, slope and distance to homesteads guide the adoption of agroforestry by farmers in Haiti. 
9 Casey et al. (2002:392 ff.) provide evidence that optimal information about the processes and outcomes associ-
ated with agroforestry technologies facilitates the adoption of these practices in Latin America. Bekele & Drake 
(2003) found intensive communication with agricultural experts increasing the adoption of soil conservation 
measures in Ethiopia, but not so Amsalu & de Graaff (2007). High visitation rates by extension agents have 
reduced the likelihood of adoption of slash-and-burn agriculture by farmers in Cameroon (Schuck et al. 2002). 
Besides socio-economic indicators, extension-related factors have also been shown to drive adoption of gum 
arabic gardens in Sudan (Mohamend 1982), of agroforestry practices in Cameroon (Nkamleu & Manyong 2005), 
and of agricultural innovations in Ethiopia (Weir & Knight 2000). Membership in farmer groups and participa-
tion in community organizations, among other factors, have been found to facilitate adoption of agroforestry 
practices by farmers in Cameroon (Adesina et al. 2000) and of tree planting in the Philippines (Emtage & Suh 
2004). Support programs for initial investment had a positive effect on adoption of soil conservation measures in 
Ethiopia (Bekele & Drake 2003). 
10 Among the reviewed literature, only Tecle et al. (1998) apply econometric algorithms towards the optimiza-
tion of multiple forest management objectives that conceptually are meant to represent the desires and aspira-
tions of different decision-makers in forestry. 
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ess11 that all groups undergo in a similar way before they reach consensus. Outcomes of group 
decision-making are equally rooted in group-level and individual-level factors (Gibson & 
Saxton 2005:210). Most relevant factors include group homogeneity12, group structure13, 
group cohesiveness14, members’ cognitive style15, as well as the type of the decision16. 

Decision-making research has been criticized for both the lack of validity of its formal models 
(e.g. Johnson 1980:20, McGregor et al. 2001:72), as well as the lack of rigor of its ethno-
graphic case descriptions (Johnson 1980, cited in Achalu Debella 2003:6-7). The concept of 
utility maximization has been criticized as substantively vacuous and tautological (van den 
Bulte & Lilien 1999:4-13). Greenhalgh et al. (2004:143) highlight the influence of factors not 
amenable to rational reasoning, such as social norms and unwritten rules, on the adoption de-
cision made by individuals. Leeuwis & van Ban (2004:91-92) generally call the applicability 
of rational decision-making models to the field of innovation adoption by farmers into ques-
tion by stressing that  

“[…] even if farmers engage in reasoning about certain practices, it is misleading to regard 
farmers’ practices as the outcome of a rational decision-making process in the sense that 
farmers deliberately and objectively analyse problems, set goals, analyse causes of problems, 
review a range of alternative solutions, and choose the best possible solution […]. Rather, 
farmers’ practices are shaped over time by routine, ever-changing and often implicit aspira-
tions, and social pressures and continuous feedback from the natural and the social world, 
which only on specific occasions become part of a deliberate and explicit attempt to make a 
decision. And even then, considerations of other than objective facts are likely to influence the 
outcome […]”. 

                                                 
11 According to the interact system model of decision emergence, for example, while making a decision groups 
pass through four stages labeled orientation, conflict, emergence, reinforcement (Griffin 1994:254-257). The 
stages are distinguished by the character of verbal interaction among group members. According to the author, 
clarification and agreement are the major forms of verbal interaction during stage one, whilst expressions of 
conflict and disagreement prevail at stage two. Ambiguity of statements levels the path for unanimity towards 
the end of stage three, and group solidarity and commitment of all group members to the final outcome charac-
terizes stage four. 
12 Clark et al. (2000) found that demographic and functional diversity of a group determines the way of how 
information is processed by the group during the process of decision-making. As cited in Gibson & Saxton 
(2005:211), heterogeneity enhances team creativity but generates conflict, whilst homogeneity has been shown 
to facilitate group cohesiveness and satisfaction and reduce absenteeism and member turnover. Hogg et al. 
(2004:264) argue that heterogeneous groups may make better decisions than homogeneous groups because of the 
presence of identity-related unshared information. 
13 As cited by Christensen & Fjermestad (1997:354), power centralization and formal structure of organizations 
are positively associated with rational decision making. Haslam et al. (1998, cited in Henningsen et al. 2004:63) 
found that the mode of leader selection influenced the performance of decision-making groups. High-status 
members have particular influence on the decision-making of the group (Wittenbaum 2000, cited in Henningsen 
et al. 2004:63). Collaborative interaction and free exchange of ideas enhance the probability of finding reason-
able solutions (Hoegel & Parboteeah 2003:7). 
14 Cohesive groups outperform non-cohesive groups (Jackson 1992; McGrath 1984, cited in Christensen & 
Fjermestad 1997:354-355). Groups whose members are familiar with each other take less time to reach group 
consensus and are more satisfied, but may be prone to poor decision accuracy (Adams et al. 2005:349). Collec-
tive efficacy, i.e. members’ shared perception that they can succeed, proved to be a predictor of effectiveness in 
a number of studies (Sundstrom et al. 2000:56-59). 
15 Group members’ average cognitive ability has been found to be a consistent predictor of group effectiveness 
(ibid.:56-59). Groups composed of members who prefer an ‘intuitive’ mode of decision-making showed an intui-
tive approach to task accomplishment, whilst groups composed of ‘analytic’ individuals employed the principles 
of logic (Priola et al. 2004). 
16 Decision complexity has been found to increase decision time (Christensen & Fjermestad 1997:355). 



Explaining the adoption and diffusion of innovations  

 

 10 

Whilst decision-making theory provides a practicable framework to elucidate the underlying 
psychological and group-dynamic principles of the decision-making process at individual and 
group levels, it is believed that the lack of appreciation of patterns of social influence, as well 
as the unresolved methodological problem of combining individual and group-level variables 
render it less suitable to the study of diffusion of agroforestry innovations in farmer groups. 

 

2.3 Diffusion of innovations theory 
The diffusion of innovations theory is perhaps the most commonly referred to framework to 
investigate the adoption and diffusion of innovations in social systems. The research frame-
work originated from contributions in various scientific disciplines including anthropology, 
geography, rural sociology, public health, communication and marketing research (Rogers 
2003:101). The works of Tarde (1903, cited in Greenhalgh et al. 2004:71-72), Ryan & Gross 
(1943), Griliches (1957), Mansfield (1963) and Coleman et al. (1966) have widely been ac-
knowledged as influential foundations of diffusion research. The different streams have been 
consolidated into a single research tradition in the 1960s by Rogers (1962) and others (cf. 
German et al. 2006:354). 

Most of the overlap of decision-making and diffusion of innovations research can be attrib-
uted to the failure (Feder et al. 1985, cited in Mercer 2004:312), if not the genuine impossibil-
ity to precisely separate the individual from the aggregate level of analysis. Whilst adoption 
innately falls in the domain of decision-making models, diffusion models, too, verge toward 
models of individual choice, since they often treat the adopter as a reflective decision-maker 
(Strang & Soule 1998:266-267). On the other hand, normative macro-level decision-making 
models resemble diffusion models in that they aggregate individual-level adoption. The per-
haps most useful distinction between both research fields has been suggested by Strang & 
Soule (1998:266) who argue that diffusion must not merely been understood as the increase of 
incidence of an innovation but as the complex process of flow of a behavior, belief, or tech-
nology via social relationships that finally leads to the outcome of increased spread. In this, 
diffusion of innovation theory directly borders social learning theory (cf. Rogers 2003:341-
342) and social cognitive theory (cf. Bandura 2006) that stress, inter alia, the role of an indi-
vidual’s perceived self-efficacy for the adoption process. However, as socio-psychological 
explanations of diffusion processes lie beyond the focus of the current research they shall not 
be covered in this theory review. 

Based on this distinction, two lines of contemporary diffusion research can be differentiated: 
interpersonal studies of contagion and influence; and macro-level diffusion analysis in social 
systems such as organizations (Strang & Soule 1998:268). A plethora of diffusion models 
have been developed in both fields.17 Frenzel Baudisch & Grupp (2006:12) argue that the 
strength of diffusion models mainly lies in their constative as opposed to normative nature. 
The models differ in terms of the extent to which they attribute diffusion to economic or so-
cial variables. 

                                                 
17 Parker (1993) presents 14 quantitative diffusion models commonly used in marketing research. Geroski (2000) 
reviews a number of diffusion models and distinguishes four major types, viz. epidemic, probit, density-
dependent and information cascade models. Besides a number of rationality-based individual-level adoption 
models, Mercer (2004) distinguishes induced innovation and spatial diffusion models and Dearing & Meyer 
(2006) differentiate the rhetorical, trading and evolutionary perspectives on diffusion. Frenzel Baudisch & 
Grupp’s (2006) typology comprises 10 classes of diffusion models, namely logit, epidemic, probit, hazard-rate, 
density-dependent, stock and order effect, information cascade, increasing return, agent-based and neo-
Schumpeterian models.  
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Supporters of the economic perspective view the diffusion of innovations as driven by their 
profitability and relative advantage (Skinner & Staiger 2005:1). The prevailing proposition is 
that differences between individual adopters affect the timing of their adoption decisions and 
thus determine the macro-level pattern of innovation diffusion (Geroski 2000:610-615). Fac-
tors at the level of the individual18, the innovation19 and external effects20 have been demon-
strated to influence the diffusion process by such models. 

Proponents of the social perspective agree that economic factors clearly influence the adop-
tion of new technologies but they argue that non-economic factors21 may be of equal or higher 
importance. Based on the proposition that people adopt a new idea by copying others who 
have already adopted it, interpersonal communication and influence have been conceptualized 
as key factors in the diffusion process (Greenhalgh et al. 2004:75). Whilst early diffusion re-
search had been constrained by the lack of an elaborated methodology to study such relation-
ships (Valente 2006:65), the development of theoretical notions and analytical tools of social 
network research has recently made diffusion networks a major center of scholarly interest. 
The theoretical base of social network research, as well as its relation to innovation diffusion 
will be presented in Chapter 2.4. 

Assuming human traits such as innovativeness being normally distributed among the target 
population, the diffusion process, i.e. the cumulative number of adopters over time, has been 
shown to take a sigmoid growth curve (cf. Rogers 2003:272). Whilst the characteristic shape 
of the diffusion curve is often interpreted as evidence of social contagion, van den Bulte & 
Lilien (1999:14) argue that it can also result from population heterogeneity rather than from 
contagion. It has also been pointed out that given the dynamic nature of the frame conditions, 
diffusion processes in reality often result in asymmetric diffusion curves, whilst unsuccessful 
innovations fail to follow the sigmoid curve at all (Geroski 2000:609, Frenzel Baudisch & 
Grupp 2006:6). The sigmoid diffusion curve and its related assumptions, thus, represent an 
over-simplistic model of reality. 

Much of the diffusion research has been dedicated to investigate the influence of adopter 
characteristics22 and the properties of the innovations23 on the adoption and diffusion process. 

                                                 
18 Individual risk taking capacity has been identified as one key indicator (e.g. Geroski 2000:610-615, Mercer 
2004:325). 
19 Major attention has been dedicated to the cost-benefit structure of the innovation as influenced by, for exam-
ple, suppliers, competition and input prices, learning and search costs, switching costs, opportunity costs, differ-
ences in labor productivity, or environmental regulatory costs (Geroski 2000:610-615, Sunding & Zilberman 
2001:60, Frenzel Baudisch & Grupp 2006:8). 
20 Such as secure tenure; access to credit and complementary inputs; infrastructure; appropriate policies, e.g. 
price supports, taxation etc. (Sunding & Zilberman 2001:71-72). 
21 These mainly comprise individual-level factors. For example, indicators of education and measures of social 
capital have been shown to determine the diffusion of technical innovations across federal states in the U.S. 
(Skinner & Staiger 2005); and prestige accruing from innovation adoption has been cited as one example by 
Rogers (2003:115). The number of adopters known to a person increases the likelihood of innovation adoption 
(Bandiera & Rasul 2002). 
22 As cited in Greenhalgh et al. (2004:74-76) wealth, education, cosmopolitanism and social integration have 
been found to facilitate the early adoption of innovations. Early adopters possess greater access to media sources 
of information (Bandura 2006:115). Indicators positively related to adoption also comprise social status; opinion 
leadership; commercial orientation; favorable attitudes towards credit, change, and education; change agent 
contact; exposure to interpersonal channels; more active information seeking; and knowledge of the innovation 
(Leeuwis & van Ban 2004:132). 



Explaining the adoption and diffusion of innovations  

 

 12 

Research has revealed that the type of the innovation-decision, the nature of the social system, 
and the type of extension interventions24 also influence the diffusion process (Rogers 
2003:265). Strang & Soule (1998:271-272) further underline the role of key external sources. 

The theoretical framework of innovation diffusion has relatively rarely been applied to the 
field of agriculture, tree planting and agroforestry in the tropics (exceptions are, for example, 
Elsey & Sirichoti 2001 and Glendinning et al. 2001). In agreement with the findings of the 
general adoption and diffusion research, factors at the individual, innovation and aggregate 
system level explain the adoption and diffusion of agricultural and forestry innovations.25 As 
cited in Mercer (2004:319), early adoption can mainly be explained by individual level vari-
ables, whilst system-level variables such as population density, market access, and infrastruc-
ture become more important determinants during later stages of the diffusion process. Afolabi 
(1987) points out that adoption time and intensity of innovation adoption are determined by 
different sets of variables. 

The diffusion of innovations framework has faced severe criticism. Parts of it have been con-
cerned with the usefulness and theoretical soundness of particular types of diffusion models 
and their distinct model specifications (e.g. Geroski 2000:620-621, Lissoni 2000:4, Green-
halgh et al. 2004:74, Mercer 2004:316, Metcalfe 2005:173-174). Frenzel Baudisch & Grupp 
(2006:20) regret that the use of rich and elaborate models is often restricted by limited data 
availability. Other critics refer to the theoretical fuzziness of current models concerning the 
micro-processes involved in diffusion (Strang & Soule 1998:269). More substantive critique 
has been directed towards the pro-innovation, progressive farmer, individual blame, context 
transferability and other biases inherent in the research framework, the one-dimensional view 
of innovations, and the neglect of the social consequences of innovation diffusion (Green-
halgh et al. 2004:85, Leeuwis & van Ban 2004:134-140, Sunding & Zilberman 2001:68-70). 
Hoffmann (2007) highlights the largely empiricist nature of the framework that lacks a sound 
theoretical foundation as one of several points of criticism. The disregard of farmer-
innovation interactions; the failure to capture how innovation characteristics determine the 
diffusion pattern; the neglect of system influences and social networks; and the failure to inte-
grate qualitative and quantitative methods and to distinguish correlation from causality are 
perceived as major weaknesses of the framework (Greenhalgh et al. 2004:15, German et al. 
2006:355-356). Greenhalgh et al. (2004:84) further argue that some of the assumptions of the 
classical diffusion paradigm do not hold for developing countries. From a methodological 
point of view, the prevalence of a static perspective in which adoption is only assessed at one 
point in time, and the reliance on retrospective analyses have been criticized (German et al. 
                                                                                                                                                         
23 Rogers (2003:265) cites the perceived relative advantage, compatibility, complexity, trialability, and ob-
servability of an innovation as major factors influencing its diffusion. Greenhalgh et al. (2004:13-15) further cite 
the innovation’s openness towards modification and re-invention, its task relevance and task usefulness, its fea-
sibility, implementation complexity, divisibility and the nature of the knowledge required to use it as being of 
direct influence. 
24 For example, the nature of the communication channels diffusing the innovation at various stages in the inno-
vation-decision process and the extent of the change agents’ efforts in diffusing the innovation. 
25 In their meta-analyses of agroforestry adoption Pattanayak et al. (2003) and Mercer (2004:319-323) identify 
preferences, human capital, resource endowments and land tenure, market incentives and profitability of the 
innovation, biophysical factors, and risk/ uncertainty as most important factors used to explain innovation adop-
tion. Only few authors explicitly acknowledge the role of the social system: Social structure has proved to influ-
ence the diffusion of on-farm tree growing by farmers in Western Himalaya (Sood 2005), and farmer access to 
social networks, inter alia, has been found influential by German et al. (2006:354) and Wu & Pretty (2004), but 
not so by Parkins (1997). The neglect of customary management systems has led to the failure of extension in-
terventions in Syria (Rae et al. 2001). 
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2006:355). Strang & Soule (1998:279-281) highlight that considerable advancement of diffu-
sion theory could be expected from comparative diffusion studies that investigate the diffu-
sion of different practices in a single population or the same practice in different settings. 

Diffusion of innovations theory as presented above has undoubtedly yielded a wealth of in-
sight into the principles and general patterns of innovation spread; and its easily comprehensi-
ble and attractive concepts provide a popular reference for the study of innovation adoption 
and dissemination in social systems, as well as for practical extension work. However it is 
believed that, whilst diffusion processes at the aggregate macro-level might indeed be well 
enough represented using such concepts, the study of agroforestry innovations in relatively 
small farmer groups requires an approach being more capable of grasping the intricate pat-
terns and flows of social structure, influence, and communication among individuals than the 
framework actually permits. Bandura (2006:124) criticizes exactly this point by emphasizing 
that  

“Specifying the channels of influence through which innovations are dispersed provides 
greater understanding of the diffusion process than simply plotting the rate of adoptions over 
time […].” 

This apparent need is, too, evidenced by the increasing popularity that network models of 
innovation diffusion have gained among the research community during the past decades. The 
social network approach will be briefly presented in the following section. 

 

2.4 Social network theory 
On account of their universal nature and their appealing focus on social relationships, social 
network concepts have been applied to a diversity of contexts within a range of scientific dis-
ciplines, such as the emergence of social movements and the spread of collective action (e.g. 
Crona & Bodin 2006, Diani et al. 2003); the influence of power relations within and between 
enterprises (e.g. Heracleous & Murray 2001, Macri et al. 2001); choice, negotiation and ex-
change processes (e.g. Braun & Gautschi 2006, Yamaguchi 2000); the generation and impli-
cations of social capital (e.g. Godquin & Quisumbing 2006, van Emmerik 2006); mechanisms 
of social support (e.g. Schweizer et al. 1998); information flow among scientists (e.g. Liber-
man & Wolf 1997); word-of-mouth (e.g. Goldenberg et al. 2001); and the influence of digital 
community networks (e.g. Ishida 1999, Keeble et al. 2002), to name but few. Contributions 
from the fields of general sociology, social psychology, and mathematical sociology helped to 
shape and gradually advance social network concepts and sociometric methods during the 19th 
and early 20th century. Much of the early development of social network research has been 
directly related to, and motivated by, the study of small group behavior (cf. Scott 1998:8-16). 
The work of Moreno (1934/1996) has widely been cited as the foundation of contemporary 
social network research. The development, roots and precursors of this research tradition have 
been traced by Freeman (2004) and Scott (1998:7-38), inter alia. 

The study of communication and diffusion networks represents one research tradition within 
the social network framework (e.g. Abrahamson & Rosenkopf 1997, Assimakopoulos 2000, 
Overton 1985:216, Schenk et al. 1997). The seminal work of Coleman et al. (1957) is ac-
knowledged as one of the earliest network studies on the diffusion of innovations. 

Academic disagreement centers on the actual epistemological status of the social network 
framework. Whilst some authors have seen it as a mere connection of analytic procedures that 
are not well related to the main theoretical and empirical concerns of social research (cf. 
Wasserman & Faust 1998:9), other scholars imply the lack of a coherent network theory by 
arguing that a diversity of social theories can serve as a basis of social network research 
(Kilduff & Tsai 2005, Monge & Contractor 2003:141), and that the analytical methods and 
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theoretical concepts of social network analysis are deeply rooted in a multitude of social theo-
ries to which they can considerably contribute (e.g. Scott 1998:38, Wasserman & Faust 
1998:9). Valente (1999:3-4), for example, explicitly places network models in the diffusion of 
innovations paradigm. A third view is that the social network approach represents a distinct 
theory of social structures (e.g. Degenne & Forse 1999, Hummon & Carley 1993, Borgatti & 
Foster 2003; Berkowitz 1982, cited in Kilduff & Oh [in press]:3). 

Turner (2003:1) attributes the dispute on the status of the social network framework mainly to 
the considerable controversy over the definition of theory. When understood in the sense of 
Neuman (2000:7)26 and Vollmer (1990)27, social network concepts indeed are linked to a 
body of independent – though comparatively new and undeveloped – theory that is distin-
guished from other sociological theories by its focus on the objective pattern of ties within 
and between micro and macro levels of social reality (Ritzer 1996:433, Weyer & Abel 
2000:26). Nevertheless, due to its partly overly methodological focus, and the apparent lack 
of traditional concepts of social theory adequately translated into network terminology, net-
work sociology has yet to fully realize its potential utility (Turner 2003:512-513). Whilst ac-
knowledging that concepts and analytical methods of the social network theory have been 
applied to, and undoubtedly complemented, other fields of research and their respective theo-
retical frameworks, this is the perspective shared in the current research work. 

Social network theory emphasizes the influence of social structure over individualistic deci-
sion-making (Warriner & Maul 1992:281). The basic presumption is that human behavior, but 
also attitudes (Erickson 1991:99-100), values (Stahr 2001:9), and norms (Friedkin 2001) are 
socially constructed, modified and transferred through interpersonal relationships. These rela-
tionships, thus, are seen as a more powerful source of sociological explanation of human be-
havior than personal actor attributes or intrinsic psychological factors, which have dominated 
traditional social theory (Wellman 1991:31-33). The work of Simmel (1908, e.g. cited in Scott 
1998:10) on the sociological components of interpersonal relations is regarded as the major 
precursor of the attempt to explain human behavior by social relationships. Another funda-
mental proposition of the social network theory is that of an individual’s cross-cutting mem-
berships in multiple social circles (Wellman 1991:43) that ultimately conceptualizes the entire 
social systems as composed of a multitude of networks. 

Social network theory entails both normative and descriptive usage. According to Wasserman 
& Faust (1998:5), network analysis can provide formal network description as well as theory 
evaluation and testing. Wellman (1983:162, cited in Ritzer 1996:424) emphasizes the pre-
dominance of the descriptive perspective towards explaining social behavior, whilst Cointet & 
Roth (2007:1) point out that most social network modeling features normative assumptions. 

Social network analysis denotes the set of techniques used to measure and analyze the pattern 
of interpersonal interaction and influence in a social system (Valente 1999:2). Communica-
tion network analysis (Rogers & Kincaid 1981:75, Rogers 2003:337) represents the sub-
section of social network analysis that is commonly applied to the diffusion of innovations. 
Network analysts have developed a variety of measures and concepts that are used to charac-
terize social networks, the most important of which shall briefly be introduced here: Social 

                                                 
26 According to the author, social theory can be defined as “a system of interconnected abstractions or ideas that 
condense and organize knowledge about the social world.” 
27 The author argues that theories need to be internally and externally consistent, empirically testable, and need 
to have explanatory power. 
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networks are composed of a finite set of actors28 who are linked by a set of relationships29 
(Wasserman & Faust 1998:20). Network relationships can be characterized in terms of their 
direction30, strength31, content32, and symmetry33, whilst most common network measures at 
the actor level comprise degree34 and centrality35. Pairs of actors can be characterized by their 
distance36 and structural equivalence37. Typical global, i.e. network-level measures comprise 
network size38, density39, cohesion40, network centralization41, and the number of compo-

                                                 
28 Actors are discrete individual, corporate, or collective social units (Wasserman & Faust 1998:17). Networks 
that are composed of the same type of actors are called one-mode networks, whilst networks linking conceptu-
ally different types of actors (e.g. persons and their institutional affiliation) are referred to as two-mode net-
works. The current study exclusively employs one-mode networks. A focal network actor is commonly referred 
to as ego, whilst other actors are called peers, alters, vertices, or nodes. 
29 Network relationships are also termed arcs, edges, links, or ties. 
30 Network relationships can be directional, i.e. pointing from one network partner to another, or non-directional. 
31 Relationships can be binary, i.e. either existent or non-existent, or valued according to their frequency, dura-
tion, affectional intensity, or other qualities. 
32 E.g. knowing, friendship, communication, exchange relationships etc. The content of relationships is also 
referred to as “relation” (Wasserman & Faust 1998:20). Uniplex social networks consist of only one relation, 
whilst multiplex networks amalgamate two or more content layers. 
33 Bidirectional relations (if binary) of the same strength (if valued) are called symmetric, mutual, or reciprocal 
(Monge & Contractor 2003:40). 
34 Degree refers to the number of direct relationships with other actors. In-degree denotes the number of ego’s 
nominations by other network actors, whilst out-degree refers to the number of nominations ego makes. In a 
directional communication network, the in-degree of a node could be interpreted as node popularity, whilst the 
out-degree would signal its expansiveness (ibid.:38). 
35 In directed networks, centrality measures refer to the choices made by ego (Wasserman & Faust 1998:199). 
Freeman (1978:219) distinguishes three measures of actor centrality: degree centrality, as a function of the de-
gree of a node, reflects its communication activity; closeness centrality is based upon the frequency with which 
ego falls between pairs of other actors on the shortest paths connecting them and is a measure of independence or 
efficiency; and betweenness centrality views an actor as central to the extent that it can avoid the control poten-
tial of others, and thus refers to aspects of information control and power. Other centrality measures are proposed 
in Faust (1997); Marsden (2002); Poulin et al. (2000) and Valente & Foreman (1998). In the current study, the 
usage of degree-based centrality index (Wasserman & Faust 1998:199) is deemed most appropriate to reflect the 
focus on the actors’ communication activity. 
36 Distance is the number of direct and/or indirect links between two nodes. The shortest distance is called geo-
desic, the largest distance is termed diameter. Distance measures serve to assess reachability and redundancy of 
linkage between any two nodes (Monge & Contractor 2003:41), and are used to compute centrality and prestige 
indices. 
37 Two individuals have a high degree of structural equivalence if they are linked to - and not linked to - the same 
other network peers (Scott 1998:128). For the relevance of structural equivalence for innovation diffusion see 
below. 
38 Network size is usually represented by the number of actors in the network. 
39 Network density represents the proportion of links present in the network (Wasserman & Faust 1998:129). 
40 The cohesion measure used in this work denotes the proportion of mutual links in the network (Benta 2003). 
Other measures of mutuality and their respective advantages and disadvantages are discussed by Mandel (2000). 
41 Network centralization is a measure of the variability among the individual actors’ centralities (Monge & 
Contractor 2003:45). In the current study, the usage of the degree-based centralization index (Wasserman & 
Faust 1998:199) is deemed most appropriate to reflect the focus on the actors’ communication activity. 
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nents42. Other specific network measures have been developed that, however, will not be re-
ferred to in the current study43. Most of the network measures are rooted in matrix-algebraic 
and graph-theoretic considerations (e.g. Harary et al. 1965); for the mathematical representa-
tions of the measures used in the current research work see Annex 1. Stahr (2001:22-25) ar-
gues that, in addition to the relational attributes presented above, network actors can also be 
characterized by absolute44, comparative45 and contextual attributes46, whilst entire networks 
can also be described by analytic47 and independent48 attributes. Most of these attribute levels 
will be employed in the current research work. 

Social networks are usually depicted by sociomatrices or sociograms. Rogers & Kincaid 
(1981:92) emphasize that an infinite number of network graphs can be constructed from the 
same set of network data.49 This limitation provides the reason why network graphs mainly 
serve visual network exploration and the purpose of qualitative network description, whilst 
more rigorous investigations often rely on quantitative analytic approaches. Two modes of 
network representation can be differentiated: ego-centric and socio-centric networks50, the 
latter requiring a thorough definition of system boundaries (e.g. Laumann et al. 1983). 

Although still relatively limited (Valente 1999:6), the number of studies that use social net-
work models to investigate the diffusion of innovations is growing. While many conventional 
studies acknowledge the key importance of information exchange among villagers for the 
spread of agricultural innovations (e.g. Butler et al. 2006, Chizari et al. 2003, Davis & Negash 
2007:26, Sligo et al. 2005, Weir & Knight 2000:5), this finding is hardly underpinned using 
network-analytical concepts. Applications of social network theory to the fields of agriculture 
and farm forestry in Africa are particularly rare (exceptions include, for example, Conley & 
Udry 2001, Conley & Udry 2005, Raini et al. 2005).  

                                                 
42 Components are sets of points which are linked to one another through continuous chains of 
connection (Scott 1998:105). A network can consist of more than one component that are nei-
ther directly nor indirectly connected to each other. 
43 For example, prestige, role, cut points, cliques, n-cliques, k-cores, n-clans, k-plexes etc. See Monge & Con-
tractor (2003:32) and Scott (1998:113 ff.) for more details. 
44 Attributes that are independent from the social network, for example ego’s demographic characteristics.  
45 Attributes that are derived from the comparison of (usually absolute individual) actor characteristics with the 
respective network-level properties, for example ego’s age relative to the network average. 
46 Attributes that describe the actors based on properties of the whole network, e.g. network history. Contextual 
attributes are thus the same for all members of the same network. 
47 Attributes that are formed from the aggregated absolute attributes of network members, e.g. average age of 
actors. 
48 Attributes that are not influenced by the network members, e.g. political frame conditions.  
49 Multi-dimensional scaling algorithms (Scott 1998:151 ff.) are most commonly employed, and will also be 
used to render network graphs in the current dissertation. Through multi-dimensional scaling, nodes are arranged 
in a network graph according to their similarity, with similar nodes being placed close to each other. 
50 The dualism of the ego-centric vs. socio-centric perspectives has been introduced by Mitchell (1969, cited in 
Scott 1998:31). Ego-networks place one focal node in the center of the network and show all actors ego is linked 
to, as well as the links among these other actors. Socio-centric networks, in contrast, display the occurrence and 
non-occurrence of relations among all members of a particular social system. Ego-centric analyses require the 
representation of one ego-network for each actor under investigation. This approach is particularly recommended 
when the boundaries of the population are hard to define (Haythornthwaite 1996:328). 
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Following Rice (1993:50-54), three distinct theoretical mechanisms of diffusion of innova-
tions through social networks can be differentiated: relational, positional (i.e. structural), and 
physical proximity.51 These mechanisms of innovation diffusion are also referred to as conta-
gion, a conception influenced by epidemiology and public health research (cf. Wasserman et 
al. 1994). The three mechanisms shall be briefly outlined below. 

Relational proximity (contagion by cohesion) 
Relational proximity seems the strongest source of influence of the three mechanisms (Rice 
1993:54). The mechanism posits that opportunity for communication via direct or indirect 
network links exposes network actors to information, attitudes, and the behavior of their net-
work peers, thus increasing the likelihood that they will develop beliefs, assumptions, and 
attitudes similar to those of their peers (Monge & Contractor 2003:173-174). Structural fea-
tures52 of the communication network have been shown to influence its information diffusion 
capacity. Valente (1999:12) argues that the exposure to the opinions and behavior of peers 
results in a cumulatively increasing pressure towards conformity that – depending on the indi-
vidual threshold of network exposure53 – finally influences the individual decision to adopt or 
not to adopt an innovation. According to Valente (1999:70) communication is particularly 
important for the diffusion of innovations not amenable to direct observation by others, whilst 
Rogers (1995, cited in Geroski 2000:605) extends this argument to all innovations that require 
tacit knowledge, which cannot be transferred impersonally. Bandura (2006:124) argues that 
different types of innovations are disseminated through dissimilar network types and that in-
novation-related communication links more effectively contribute to the innovation spread 
than general communication relationships. Innovation attributes54 have been found to influ-
ence its spread in the social network, too. 

Three conceptualizations are tightly related to the relational proximity mechanism: (a) opinion 
leadership; (b) link and network homophily and the concepts of strong and weak ties; and (c) 
network interlocking.55 Diffusion research has revealed that, (a) some network peers have 
strong influence on the adoption decision of many others (v. Westarp & Wendt 2000:4) 
mostly by virtue of their charisma, competence, connectedness and perceived homophily 

                                                 
51 Other categorizations are proposed. Valente (1999:4) only distinguishes relational from structural network 
diffusion models; the relational, positional, and cultural approaches to networks are differentiated by Monge & 
Eisenberg (1987, cited in Ellis & Fisher 1994:66) and by Todeva (2006:30 ff.). Economic diffusion models are 
cited in Alkemade & Castaldi (2005:5); and Valente (2006) classifies into diffusion models of interpersonal 
influence, structural, critical mass/ tipping point/ threshold, and dynamic models. However, these classifications 
are deemed less appropriate to the focus of the current research. 
52 For example, actor centrality is associated with innovativeness, whilst network centralization is associated 
with more rapid diffusion for advantageous innovations and slower diffusion for more risky innovations (Valente 
1999:54). The size of the personal communication network is positively, and the extent of reciprocity negatively 
related to innovation adoption (Warriner & Maul 1992:281). Isolation of network actors has been related to later 
innovation adoption (Valente 1999:40). Multiplex relations foster innovation adoption more successfully be-
cause they convey more factual information and mobilize stronger social influences (Bandura 2006:125). 
53 Early adopters have a low threshold for innovation adoption, i.e. they will adopt when only a few people in 
their social environment have already done so. Late adopters will only adopt once most others in their social 
system have adopted (Valente 1996). 
54 Such as its social value and perceived individual benefit (Deffuant et al. 2005) 
55 Whilst Monge & Contractor (2003:224-226) analytically separate the homophily mechanism from contagion, 
the view is held in the current research that both mechanisms are interrelated and indistinct. 
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(Greenhalgh et al. 2004:79).56 Adoption by individuals has, (b), on one hand been shown to be 
promoted by homophilous links.57 Munshi (2004) shows that social learning is reduced in 
heterogeneous populations. On the other hand, however, homophilous networks, so-called 
strong ties, can also act as diffusion barriers as densely knit personal networks are usually of 
limited value for obtaining new information. Links with socially and spatially distant others, 
also referred to as weak ties, are generally stronger in carrying information about new ideas 
(Granovetter 1973, Rogers 2003:362-363). The argument is that strongly related partners 
share many ties to third parties and so have little news to report to each other, whilst the social 
circles of weakly tied actors overlap less (Strang & Soule 1998:273). Heterophilous ties create 
more and shorter links between distant individuals in a network, thus accelerating the rate of 
diffusion (Valente 1999:50). To conceptually reconcile the seeming contradiction between the 
diffusion effects of strong vs. weak ties varying attempts have been undertaken. For example, 
Levin & Cross (2004:1486) introduce the concept of ‘trusted weak ties’ which combines the 
positive informational effects of weak ties with the relational advantages of strong ties, as 
being the most effective category of network links with regard to knowledge exchange. Other 
authors have aimed to dissolve the divergence of strong vs. weak tie effects on innovation 
diffusion by highlighting the influence of mediating variables, such as knowledge complexity 
(Hansen 1999) and tacitness (Levin & Cross 2004), for example. Gibbons (2004:6-7) points 
out that heterophilous links mainly foster the diffusion of clearly beneficial innovations, 
whilst the dissemination of more ambiguous innovations often requires homophilous links 
that reduce risk and uncertainty through subjective experience. Hansen (1999) and Liu et al. 
(2005), in a more fundamental perspective, consider knowledge sharing and innovation diffu-
sion as a dual process of simultaneous knowledge ‘search’ and knowledge ‘transfer’ that use 
weak and strong ties, respectively. Darr & Pretzsch (in press) show the dependency of these 
mechanisms from information abundance. Finally, (c), empirical results have shown homo-
phily and network density to be associated (White & Cotts Watkins 2000:342). From their 
exploratory network modeling Haggith et al. (2003) conclude that interlocked, dense networks 
facilitate the spread of advantageous innovations whilst speeding the decline of disadvanta-
geous ideas. However, Valente (1999:40-43) has found network density and innovation 
spread not being associated. 

Positional proximity (contagion by positional/ structural equivalence) 
Valente (2006:66) points out that diffusion does not necessarily require person-to-person con-
tact. The mechanism of positional proximity assigns the diffusion of innovations to the effect 
of the sameness or similarity of individual actors’ formal positions and/ or their ascribed roles 
within a social system (Rice 1993:50-54, Scott 1998:128). Whilst the notion of positional 
equivalence refers to the degree two individuals are similar to each other in their relations to 
all others in the network (Borgatti, Everett & Freeman 1992, cited in Valente 1999:54), struc-
tural equivalence denotes the degree two individuals have the same relations with the same 

                                                 
56 These network peers are usually referred to as opinion leaders. According to Leeuwis & van Ban (2004:132-
133), opinion leaders tend to adopt many innovations, but usually are not the first to adopt them; they further 
tend to be well educated and of high socio-economic status; to have an active social life and many contacts out-
side their immediate surroundings; and to have a special interest in a particular subject. Opinion leadership is 
usually monomorphic, i.e. restricted to distinct matters and groups of people (Rogers 2003:314). Valente 
(1999:36) points out that it is unclear whether early adoption influences opinion leadership or vice versa. 
57 Relationships to individuals who are similar in terms of socio-economic, educational, professional and cultural 
background are thought to result in more effective and rewarding interpersonal communication (Rogers & Kin-
caid 1981:298), to ease communication, increase predictability of behavior, and foster trust and reciprocity 
(Brass 1995a, cited in Monge & Contractor 2003:223). 
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other network peers (Burt 1987, Lorrain & White 1971, Sailer 1978, cited in Valente 
1999:55). Rather than as a consequence of the direct exchange and interaction between two 
individuals, similar behavior of actors is seen as resulting from the presence – and absence – 
of network links to the same or similar other actors in the network, and from the similar op-
portunities and constraints inherent in the particular patterns of network structure. Whilst Burt 
(1987) argues that the logic of competition compels network actors to imitate and mimic the 
adoption behavior of those others who are structurally equivalent, Rice (1993:52) points out 
that actors who jointly occupy a position are linked to, or model, similar others from whom 
they both develop similar attitudes. 

Whereas some studies have provided at least tentative empirical support for the mechanism of 
innovation diffusion via positional proximity (e.g. Johnson 1986, Zhou & Delios 2006), other 
authors have found the role of structural equivalence in the diffusion of innovations being 
overestimated (e.g. Marsden & Podolny 1990: 210, cited in Kilduff & Oh [in press]:4-5; van 
den Bulte & Lilien 2001). Kilduff & Oh (in press) clearly disprove Burt’s (1987) re-analysis 
of the Coleman et al. (1966) data that has considerably stimulated the acceptance of the struc-
tural equivalence mechanism in diffusion research by showing that some of the claims made 
by Burt do not accord with the original data, thus casting doubt on the conclusions regarding 
the effect of structural equivalence in the diffusion of innovations. Although the potential of 
the positional proximity mechanism to explain diffusion of innovations, thus, is in doubt, the 
concept may keep its utility to explain other processes, such as role behavior. 

Physical proximity (contagion by spatial similarity) 
Physical proximity is a third potential mechanism of innovation diffusion in social networks 
referred to in a number of studies (e.g. Corman 1990; Johnson 1992, cited in Monge & Con-
tractor 2003:227). However, the mechanism in parts overlaps with the concept of homophily 
discussed above. Similar to homophilous links, relations to spatially proximate actors repre-
sent just another facet of low-effort ties (Rogers 2003:341). Geographic proximity increases 
the opportunities for interaction (Gibbons 2004:4), face-to-face dyadic communication, and 
also leads to comparable exposure to the same ambient stimuli (Rice 1993:52-53). External 
threats, shared culture and ethics, similar interests, and pre-existing familiarity with the other 
actors further encourage collaboration within a region (Doz, Olk & Ring 2000, cited in Gib-
bons 2004:4). In contrast, longer-distance network links are less stable over time, less reward-
ing and thus less likely to be maintained (Rogers & Kincaid 1981:302). Rogers & Kincaid 
(1981:312) further point out that physical proximity is more important for the formation of 
network links in socially homogenous settings, whilst social homophily is the main determi-
nant of interaction in longer distance links. 

 

In brief, whilst the mechanisms of relational and physical proximity emphasize the prevalence 
of cooperation among interacting members of a community, the notion of positional proximity 
accentuates the effect of competition between similarly situated members of the social system. 
The three mechanisms, thus, are rooted in different theoretical frameworks of human behavior 
(Kilduff & Oh [in press]:6). Despite their differing roots and analytic distinctness, the three 
concepts are not necessarily empirically distinct (Rice 1993:53). Cohesion and structural 
equivalence are thought to act simultaneously to influence the adoption behavior (Valente 
1999:122), and predictions from the relational and positional proximity mechanisms are likely 
to be similar in many cases (ibid.:58-59). 

Whilst the diffusion mechanisms presented above are generally accepted, the degree of for-
malization of diffusion network models differs considerably. Models developed by computa-
tional network analysts are largely characterized by artificial topological features and stylized 
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transaction rules58, whereas models that are grounded in empirical real-world networks are 
typically less formalized59. Whilst models based on virtual diffusion networks and computa-
tional network simulations considerably ease data collection and analytical access to network 
dynamics, their major drawback consists in the over-simplification of reality. Since empirical 
networks are non-random by character (Wellman 1991:42-43), models based on artificial 
networks regularly fail to adequately represent reality, and results derived from such models 
often lack empirical support (Cointet & Roth 2007). 

Monge & Contractor (2003:293-294) point at four problems that most empirical network re-
search suffers from, viz. the lack of attention paid to theoretical network mechanisms; the 
predominance of single analytical levels rather than multiple levels of analysis; the focus on 
elementary network features instead of complex network properties such as node attributes or 
multiplex relations; and the use of descriptive rather than inferential statistics. Methodological 
criticism of social network research mainly concerns the inappropriate research instruments 
that lead to reliance on recall data, which have been shown to partly lack validity and reliabil-
ity (Brewer 2000, White & Cotts Watkins 2000:352); the lack of a standardized name genera-
tor (Stahr 2001:55), which impairs the comparability of network studies; and the relative un-
derdevelopment of methods suited to grasp network dynamics. More fundamental criticism of 
diffusion network research has been raised by Krishnan & Sciubba (2006:6) and White & 
Cotts Watkins (2000:338) who show that the causality of network membership and behavior 
similarity cannot easily be concluded, and Warriner & Maul (1992:289) who argue that com-
munication networks are just one of many factors that influence the adoption decisions made 
by farmers. 

Despite these criticisms, the concepts and analytical tools of the social network framework are 
deemed most suitable to investigate the diffusion of innovations in the context of the current 
research work. In contrast to the theoretical approaches presented earlier, the network frame-
work provides the opportunity for multi-level analyses (cf. for example Brass et al. 2004, van 
Duijn et al. 1999), and the mechanisms of innovation diffusion discussed above are consistent 
with the social reality of the rural study areas (cf., for example, Harkness & Super 2001, 
White & Cotts Watkins 2000:339). Finally, network concepts – through their multi-theoretic 
origin – can be regarded as compatible with concepts of the diffusion of innovations and 
group theories. 

 

2.5 Group theory 
The intensive review of small group research literature has revealed that the diffusion of in-
novations has hardly been the scientific interest in group-theoretical publications. The main 
part of group research has been dedicated to aspects such as group decision-making (see 
Chapter 2.2), group development (e.g. Agazarian & Gantt 2003, Wheelan et al. 2003)60, task 
performance (e.g. Bain et al. 2001, Hecht et al. 2002, Huguet et al. 1999, Myers et al. 2004, 
Smith et al. 2001), leadership (e.g. de Cremer et al. 2006, Pearce & Sims 2002, Riggio et al. 

                                                 
58 Cointet & Roth (2007:2) cite random graphs, grid-based networks, small-world models, and scale-free net-
works as major examples. Artificial network models have been presented, for example, in Delre et al. (2007); 
Deroian (2002); Grönlund & Holme (2005); Guardiola et al. (2002); Hummon (2000); Kempe et al. (2005); 
Krishnan & Sciubba (2006); Robins et al. (2001); and v. Westarp & Wendt (2000). 
59 e.g. Monge & Contractor (2003); Valente (1999) 
60 For a review of group development research see Chidambaram & Bostrom (1996). 
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2003)61, communication (e.g. Baker et al. 2000, Brown & Miller 2000, Frey 1999, Rasters et 
al. 2002, Tschan 2002), and social influence (e.g. Caldwell & O'Reilly 2003, Crano 2000, 
Morris et al. 2000), for example. Despite the fact that the diffusion of innovations has not re-
ceived explicit attention it is believed that theoretical concepts and empirical findings from 
the research on small groups have great potential to inform models of innovation dissemina-
tion in groups. This conviction provides the reason for the following review of this body of 
research work. 

Starting with the foundational work of Triplett (1898, cited in Tindale et al. 1998:1), social 
psychologists have dominated the field of group research for several decades. However, the 
isolation of distinct socio-psychological schools of group research led to the decline of the 
subject in the 1960s (McGrath 1997:10-12). Much of today’s group research is application 
oriented (Tindale et al. 1998:3) and originates from related social and behavioral sciences 
such as speech communications, political science, organizational behavior, or group psycho-
therapy (Arrow et al. 2000:11-12). 

The study of small groups can be pursued from a variety of theoretical angles62, with the same 
subjects often being investigated by more than one perspective (Poole et al. 2005b:12). The 
functional perspective constitutes the most frequently employed approach to the study of 
group performance (Wittenbaum et al. 2004:18-19). Group performance has been conceptual-
ized empirically by such diverse variables as effectiveness, success, productivity, team func-
tioning, cohesion, communication, satisfaction, work attitudes, and member behavior (cf. 
Sundstrom et al. 2000:54); or group products, agreed-upon rules, interpersonal relationships 
and lasting attitudes and beliefs (Poole et al. 2005b:45). Innovation dissemination represents 
another potential dimension to evaluate group performance. The functional perspective, there-
fore, is deemed most appropriate for the purpose of the current study. 

Functional group research attempts to identify the factors that promote and detract from effec-
tive performance in meeting group goals. In defining group effectiveness with respect to a 
particular point of view, the functional perspective is clearly normative (Hollingshead et al. 
2005:22, Poole et al. 2005b:14). The perspective rests on the assumptions that groups are 
goal-oriented and that group performance varies and can be evaluated (Poole et al. 2005b:4). 
The input-process-output model of groups63 (Ellis & Fisher 1994:15-16; McGrath 1984, cited 
in Jung & Sosik 1999:280) constitutes the guiding analytical frame for studies undertaken 
within the functional perspective. The model states that the relations between input and output 
variables of groups are mediated by the processes of group interaction in a heteromorphic 
way, i.e. a given input can lead to multiple outcomes and one specific outcome can be pro-
duced by many different inputs. Group outcomes thus are causally influenced by the interac-
tion processes taking place in groups (Poole et al. 2005b:24). 

                                                 
61 For a recent review of group leadership research see Chemers (2000). 
62 According to Poole et al. (2005a), the functional, psychodynamic, social identity, conflict-status-power, sym-
bolic-interpretive, feminist, network, temporal, and evolutionary perspectives on small groups can be distin-
guished that each focus on distinct aspects of group action, and each draw from different theoretical roots. 
63 The inputs to the group consist, for example, of the skills, attitudes, and group resources that are present in the 
group at the outset. Process elements are the influences on the group that stem from its actual activities, such as 
communication patterns, conflict management, and decision-making. Outcomes are what the group produces and 
achieves, for example decision quality, member satisfaction, and group cohesiveness. Group outcomes cycle 
back and become new entry elements in future group interactions (Ellis & Fisher 1994:15-16). 
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Functional group research has identified a number of variables that affect group performance. 
The most relevant input variables include group homogeneity64, group structure65, and group 
cohesiveness66, whilst relevant processes mainly comprise variables that can be subsumed 
into group climate67. The relationship between input, process and group effectiveness vari-
                                                 
64 The influence of group homogeneity on performance is ambiguous. Whilst some authors claim that given the 
more diverse resources available to inhomogeneous groups heterogeneity generally raises team performance and 
facilitates group success (e.g. Newman & Dale 2007:80, 83), others stress that demographic and socio-economic 
diversity leads to group conflict (Poole et al. 2005b:36), more hierarchical decision-making, lower levels of 
member participation and reduced interaction (La Ferrara 2002:266). Group homogeneity results in increased 
group attractiveness, higher levels of commitment, social integration, and psychological attachment to the group 
(cf. Cady & Valentine 1999:733). The positive effect of these indicators has been demonstrated by the fact that 
groups composed of friends tend to outperform groups of acquaintances, and groups of familiars outperform 
groups of strangers (Katz et al. 2005:297, 300). However, other studies suggest that group homogeneity or het-
erogeneity has little effect on group performance (cf. Poole et al. 2005b:41). Jung & Sosik (1999:280-281) at-
tribute the mixed research outcomes regarding group diversity on the inconsistent ways group heterogeneity has 
been defined in previous research. 
65 Several structural properties of groups have been shown to influence group performance: Individual perform-
ance was found to be positively related to centrality in the group advice network, and negatively to centrality in 
the hindrance network (Sparrowe et al. 2001). Centralized communication structures facilitate the performance 
of simple tasks but impede the fulfillment of more complex assignments, and also result in lower levels of mem-
ber satisfaction (cf. Katz et al. 2005:290-291). Increasing group size leads to more centralized communication 
structures and low participation of an increasing proportion of group members (Arrow et al. 2000:144, Bonito 
2002:424). Compared to smaller groups, large groups tend to face coordination problems and motivation losses 
(Arrow et al. 2000:75). The level of member cooperation is generally lower in large groups, and increasingly 
depends on individual members’ psychological needs and disposition (de Cremer & Leonardelli 2003:169). 
Increasing group size has also been shown to reduce the effectiveness of social pressure thereby thwarting the 
production of public goods (Olson 1965:62). Group structure also mediates the effect of external incentives on 
group performance (cf. Katz et al. 2005:295), as well as the effect of individual member centrality on power 
distribution within the group (Mizruchi & Potts 1998:381). Subgroup formation has negative consequences on 
group solidarity and unity (cf. Katz et al. 2005:297). External links influence group performance through their 
effects on information flows, intergroup conflict and member effort levels (cf. Poole et al. 2005b:37-38, Katz et 
al. 2005:298, Sundstrom et al. 2000:59).  
66 The concept is not consistently defined in the literature (Carless 2000:113-114). Rather than as a structural 
group input variable, some authors view it as a group process variable. According to Carron et al. (1998) group 
cohesiveness denotes a dynamic process that is reflected in the tendency for a group to stick together and remain 
united in the pursuit of its instrumental objectives and/or for the satisfaction of member affective needs (cited in 
Carron & Brawley 2000:94). Cohesion research almost unanimously distinguishes between the task and social 
dimension of cohesion (Dion 2000:21). Research has found high social cohesion (e.g. Chang & Bordia 
2001:398), task cohesion (e.g. Carless and De Paola 2000, cited in Carless 2000:109), or both dimensions (e.g. 
Craig & Kelly 1999) predicting group success. Group cohesion has been found to lead to increased group per-
formance and more effective group communication (cf. Rozell & Gundersen 2003:201). Extremely cohesive 
groups that frequently are characterized by avoidance of disagreement, selective bias in information processing 
and ‘groupthink’, however, are more likely to perform only moderately (Ellis & Fisher 1994:24). Furthermore, 
due to information overload, dense group structures perform particularly poorly in complex tasks (Gureckis & 
Goldstone 2006), whilst fairly tight groups are likely to develop complex group-specific knowledge (Crona & 
Bodin 2006:10). Cohesiveness can also result from group processes (Ellis & Fisher 1994:24, Poole et al. 
2005b:46, Rozell & Gundersen 2003:201). The utility of network measures for assessing group cohesiveness, 
although rarely used, is pointed out by Arrow et al. (2000:143). 
67 Group climate has been operationalized along several dimensions: It has been shown that group members with 
high motivation display high individual performance, whilst low achievement motivation results in reduced 
performance when expected co-worker effort is high (Hart et al. 2004). Also, Kerr (1983) found that low mem-
ber motivation leads to reduced individual effort. Although these results refer to individual members’ perform-
ance, it seems reasonable to assume that group performance is an aggregate of the performance of individual 
group members. It has been demonstrated that group identification is related to group-serving member behaviors 
(Hogg et al. 2004:262). Group identity refers to the extent that each group member feels a part of the group or 
recognizes group membership (Ellis & Fisher 1994:34). Group identity improved affective relations among 
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ables is likely to be moderated by group type (Devine 2002:306) and task type (cf. Fulk & 
McGrath 2005:402). Individual member properties may also affect group performance, but 
are generally of lower relevance (Ellis & Fisher 1994:171). No empirical support has been 
found for a relation between duration of group life and group performance (cf. Chidambaram 
& Bostrom 1996:181). The heteromorphic relationship between input, process and output 
variables has led some scholars to conclude that no particular factor or combination of factors 
universally accounts for group success or failure (Hirokawa et al. 2000:584).  

Other variables at both the input and process levels have been proposed in the literature.68 
However, these variables largely concern psychological or organizational science concepts 
that are not easily applicable to the current research context, or they fall outside the focus of 
the functional research perspective on small groups. They shall not, therefore, be included in 
the current investigation.  

Studies of farmer organizations69 in the context of agriculture and rural development are rela-
tively rare. Examples include investigations on the determinants of membership in farmer 
groups (Arcand & Fafchamps 2004, Davis & Negash 2007, Godquin & Quisumbing 2006, La 
Ferrara 2002), the potential of farmer groups in local-level planning processes (Schaap & 
Nandi 2005), and pitfalls of institutional development of community-based organizations in 
farmer-led extension (Brown & Korte 1997). Even rarer are studies that investigate the per-
formance of farmer groups, and the performance in terms of diffusion of agricultural or agro-
forestry innovations in particular. In agreement with the general group literature, the review of 

                                                                                                                                                         
group members (Cunningham & Chelladurai 2004), and increased member satisfaction in heterogeneous groups 
(Cunningham 2005). Inferior modes of communication can lead to inefficient and ineffective task performance, 
rigid group structures, and group inflexibility (Shepherd 1975:63). The importance of open and free communica-
tion among all members has also been stressed by Chidambaram & Bostrom (1996:180) and Hoegel & Parbo-
teeah (2003:7). Communication in groups influences the perception of group members towards each other (Bo-
nito 2000), and is influenced by a variety of group processes and inputs itself, e.g. leadership, member status and 
expertise (Poole et al. 2005b:32). Ellis & Fisher (1994:274) highlight the essentiality of member commitment for 
group effectiveness. Member commitment is based on the degree to which members find the group rewarding 
(cf. Arrow & Crosson 2003:529). Arrow et al. (2000:137) highlight the reverse dimension of group commitment 
that refers to the evaluation of one individual member’s contributions to the fulfillment of group needs. In con-
trast, goal commitment has failed to show a strong relation with group performance (Hecht et al. 2002). The 
importance of member involvement for effective team performance has been highlighted by Chidambaram & 
Bostrom (1996:181), for example. 
68 Additional variables used to explain group performance include, inter alia, member emotions and member 
attributes (Hirokawa et al. 2000); job design, interdependence, and context (Campion, Medsker, and Higgs 1993, 
cited in Jung & Sosik 1999:279); conflict management and balance (Chidambaram & Bostrom 1996:179-181); 
and group norms, labor division, influence structures, and cycles of conflict and consensus (Arrow et al. 
2000:56). 
69 Farmer organizations usually denote “formal organization representing small-scale farmers producing a range 
of commodities” (ISNAR 1994:5). Besides national or regional level federations, associations and producer 
organizations that aim to handle the supply of agricultural inputs and/or marketing of particular commodities, 
local-level organizations and community groups represent one distinct category of farmer organizations 
(Heemskerk et al. 2006:33-34, ISNAR 1994:3). These local-level organizations are commonly referred to as 
farmer groups. Following the definition of groups, farmer groups are social aggregates “of two or more individu-
als who possess a common identity, have common goals and objectives, share a common fate, exhibit structured 
patterns of interaction and modes of communication, hold common perceptions about group structure, are per-
sonally and instrumentally interdependent, reciprocate interpersonal attraction, and consider themselves to be a 
group” (Carron & Hausenblas 1998, cited in Carron & Brawley 2000:94). Some disagreement centers on the 
minimum number of members required for a group. While some authors posit a minimum of three members (cf. 
Hogg et al. 2004:252), Ellis & Fisher (1994:15) consider five to seven members necessary for all group proc-
esses to take place. 
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the few studies available has revealed the following influence factors: group homogeneity70, 
group structure71, group cohesiveness72, group climate73, group type74, and duration of group 
life75. Additional factors identified comprise external conditions76 and group norms and lead-
ership77. However, due to the small number of studies, empirical evidence concerning these 
factors is contradictory and partly inconsistent with the findings of general group research. 

The major criticism directed towards conventional small group research concerns the preva-
lence of experimental methods and the reliance on the study of ad-hoc groups in artificial con-
texts (Chidambaram & Bostrom 1996:160, McGrath 1997:14). The need for studies of real-
life groups in their natural surroundings has been repeatedly highlighted (e.g. Hollingshead et 
al. 2005:50). Hollingshead et al. (2005:24) further criticize that the functional perspective can 
neither explain non-linear processes, nor take adequate account of other than performance-
oriented purposes of groups, and point at the methodological difficulties in defining and 
measuring group performance. Arrow et al. (2000:45) claim that the positivist-reductionist-
analytic approach inherent in the functional perspective is generally not capable of adequately 
understanding the complex, adaptive, and dynamic nature of groups. Despite these criticisms, 
the field of functional group research has undoubtedly enhanced the understanding of the fac-
tors and processes that determine the performance of small groups. It thus provides a consid-

                                                 
70 Member homogeneity and gender balance have not affected innovation dissemination by groups (Davis 2004), 
and member diversity has not influenced group performance in Kenya (Place et al. 2002). Groups that are com-
posed of educated members have been found to work more effectively in Kenya (Were et al. 2006). 
71 Davis (2004) has found positive relations of information dissemination and external group linkages. Davis 
(2004) found that group size has not affected the group’s effectiveness in innovation dissemination, whilst effec-
tiveness of water groups in Kenya has been found to be facilitated if membership is small and closed to new 
members (Were et al. 2006). 
72 Effectiveness of farmer groups in Kenya has been found to be facilitated by enhanced cohesion among mem-
bers (Davis 2004, Were et al. 2006). 
73 Motivation: Tangible benefits accruing to individual group members from collective efforts acted as incentives 
to continued cooperation in Kenya (Were et al. 2006). Investigating the diffusion of agricultural innovations by 
producer organizations in Bolivia, Alvarado (1980:172-178) found that diffusion of agricultural technologies has 
been related to farmers’ involvement in decision-making, and a positive group climate. Comparing farmer or-
ganizations in Taiwan and South Korea, Burmeister et al. (2001) attribute the higher performance of the Taiwan-
ese organizations to better opportunities for farmer participation, intensified information flows and their more 
cooperative organizational pattern. Yet, Davis (2004) found a statistically significant negative correlation of 
innovation spread and member participation for dairy goat groups in Kenya, and having a member-driven agenda 
had a negative effect upon group success (Morton et al. 2001, cited in Davis 2004:51). 
74 Project-supported groups have been demonstrated to disseminate more information than farmer-initiated 
groups in Kenya (Davis 2004). According to the findings of Place et al. (2002), group purpose and changed 
purpose over time have been the only two consistent predictors of group performance, while Davis (2004) did 
not find the type of group activities being influential. 
75 Effectiveness of farmer groups in Kenya has been found to be influenced by group age (Davis 2004, Were et 
al. 2006), but this finding has not been supported by Place et al. (2002). 
76 Referring to forest owner associations in Germany, Wilkening (1984, cited in Schraml 2005:261) concludes 
that, above all, natural conditions and property structure explain the differences in group performance. Location 
has been found to influence group success in innovation dissemination by dairy groups in Kenya, with highland 
groups disseminating more innovations to villagers than lowland groups (Davis 2004:145 ff.). 
77 Effectiveness of water groups in Kenya has been found to be influenced by awareness and enforcement of 
bylaws, and by a combination of good governance and transparency (Were et al. 2006). Qualified leadership has 
been one success factor of the diffusion of agricultural innovations by producer organizations in Bolivia (Alva-
rado 1980). Davis (2004) found a statistically significant influence of leadership style on innovation dissemina-
tion, but the degree of group formalization has not been of influence. 
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erable extension of the theoretical and methodological grounds based on which investigations 
on the diffusion of innovations in farmers groups can take place. Group-theoretical concep-
tions, consequently, are regarded as a major contribution to the development of a theoretical 
framework used to guide the current research work. 

 

2.6 Proposition of a multiple-pathway model of innovation diffusion 
The extensive review of theoretical and empirical literature on the diffusion of innovations 
that originates from a diversity of scientific backgrounds and traditions has revealed a broad 
selection of key variables and indicators guiding the adoption and diffusion process and group 
performance. These variables and indicators can broadly be classified into five domains 
(Table 1). Given the fact that the diffusion of innovations is highly context-dependent, the 
literature consulted has revealed partly inconsistent and contradictory effects of individual 
indicators on innovation diffusion. Rather than the direction of association between variables, 
the variable itself, therefore, shall be of interest for the current research. 
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Table 1: Selected key variables and indicators that explain innovation diffusion as identified from the theory review 
 Domain 
Theory 

Individual Network Group Innovation External context 

(Individual/ 
group) deci-
sion-making 

Personality (e.g. attitudes, 
beliefs, perceptions), cogni-
tive style (e.g. education, 
urban exposure, cognitive 
ability), socioeconomic char-
acteristics (e.g. farm size, 
labor constraint, dependence 
on off-farm income, wealth, 
tenure security) 

 Group homogeneity (e.g. 
demographic and functional 
diversity), group structure 
(e.g. power centralization, 
formal structure, mode of 
leader selection and interac-
tion), group cohesiveness 
(e.g. cohesion, member fa-
miliarity, collective efficacy) 

Innovation attributes (e.g. 
cost, profitability, demand for 
the product, appropriateness 
to bio-physical conditions), 
type of (adoption) decision 
(e.g. decision complexity) 

Attributes of farmland (slope, 
size, soil fertility, distance to 
homestead), access to exten-
sion support (information, 
communication, visitation by 
extension agents, membership 
in farmer groups, access to 
support programs) 

Diffusion of 
innovations 

Socio-economic and non-
economic adopter characteris-
tics (e.g. risk taking capacity, 
education, social capital, 
prestige, number of adopters 
known, wealth, cosmopol-
itanism, social integration, 
media access, social status, 
opinion leadership, commer-
cial orientation, attitudes, 
change agent contact, expo-
sure, information seeking, 
knowledge, preferences, 
human capital, resource en-
dowment) 

The field of diffusion net-
works is regarded to fall into 
the realm of network theory. 

 Innovation attributes (e.g. 
cost-benefit structure, relative 
advantage, compatibility, 
complexity, trialability, ob-
servability, openness to modi-
fication, task relevance, task 
usefulness, feasibility, divisi-
bility, knowledge require-
ment, profitability), type of 
innovation-decision 

Social system (e.g. tenure 
security, infrastructure, poli-
cies, market incentives, bio-
physical factors, risk/ uncer-
tainty, social structure, social 
networks, customary man-
agement systems), type of 
extension intervention (e.g. 
access to credits and inputs, 
communication channels, 
change agents’ efforts) 

    Table continued 
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 Domain 
Theory 

Individual Network Group Innovation External context 

Social net-
work 

Network type   

 

Opinion leadership (e.g. edu-
cation, socio-economic status, 
social life, interest) 

 
 

 

Innovation attributes (e.g. 
social value, perceived indi-
vidual benefit)  

Group 

Network structure (e.g. centrality, centralization, size, recip-
rocity, isolation, multiplexity) = group structure (e.g. central-
ity, centralization, size, subgroup formation, external links);  

Network homophily (e.g. socio-economic, educational, profes-
sional, cultural similarity) = group homogeneity (e.g. demo-
graphic and socio-economic diversity, gender balance);  

Network interlocking (e.g. density) = group cohesiveness (e.g. 
density, cohesion) 

Task type External conditions (e.g. 
natural conditions, property 
structure, location) 

 

Member attributes 

 Group climate (e.g. motiva-
tion, identification, commu-
nication, commitment, in-
volvement), group type (e.g. 
project support, group pur-
pose, group activity), duration 
of group life (group age), 
group norms and leadership 
(e.g. bylaw enforcement, 
governance, transparency, 
leadership style, group for-
malization) 

  

Variables highlighted by underline, related indicators given in parentheses. Sources: Theory review (2007) 
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Although the diffusion of innovations has partly been ascribed to the same or similar factors 
within the four theories, these theories clearly differ with regard to their major focus and do-
mains covered. For example, individual-level adopter characteristics have almost exclusively 
been researched under the decision-making and the diffusion of innovations framework, 
whilst social network and group theory assign considerably less weight to these factors. Fur-
thermore, it has been a central contribution of the decision-making and the diffusion of inno-
vations theory to highlight the innovation-specific nature of technology diffusion processes, 
whereas group and social network theories have not addressed these aspects with similar 
rigor. Research undertaken within the framework of group theory has so far hardly been con-
cerned with the diffusion facet of group performance, whilst only peripheral empirical results 
from social network research suggest that innovation attributes can influence its diffusion in 
social networks. Similarly, the influence of context variables, in particular of extension inter-
ventions, has been mainly revealed by research undertaken within the decision-making and 
the innovation diffusion paradigms.  

Despite some overlap of decision-making and group theory in the field of group decision-
making, and of the diffusion of innovations and the social network theory in the field of diffu-
sion networks, networks and groups constitute the primary domains of the social network and 
group theories. Because groups conceptually verge on networks, some concepts of both theo-
ries well correspond to each other (e.g. network/ group structure, homophily/ homogeneity, 
interlocking/ cohesiveness), and partially similar cause-effect relationships are predicted by 
both theories for these variables. However, the emergence of group-level processes from the 
input group variables, and more importantly, their interaction with group performance effec-
tiveness constitutes the sole domain and thus the unique contribution of the functional group 
theory to the guiding model of the current research. 

In general the literature review presented allows drawing the following generalizations: First, 
it has been shown that five domains of key variables and indicators determine the diffusion of 
innovations, viz. individual-level, network- and group-level, innovation-related and external 
factors. The objective to develop an integrative framework that facilitates the formulation of 
research hypotheses in the current research warrants the need to incorporate these five do-
mains as major elements of the guiding model. Second, the theory review has identified a 
number of arguments to suggest that neither the decision-making framework nor the conven-
tional diffusion of innovations perspective is particularly suited to grasp the patterns of social 
structure and the flows of information along social relationships. On the other hand, the re-
view has demonstrated the theoretical appeal and empirical utility of the social network 
framework in this regard. This fact provides the reason why the social network framework 
shall underlie the current guiding model. Third, the theory review has identified a number of 
major shortcomings of previous research. Despite their general suitability to study the diffu-
sion of innovations in farmer groups, network models are hardly conceptualized as multiple or 
multiplex in the existing body of research.78 In addition, although Katz et al. (2005:295) claim 
to observe that network concepts are becoming increasingly used in group research, the stud-
ies of farmer groups included in the literature review yet lack the integration of network theo-
retic and group theoretic notions.79 Another apparent shortcoming of previous research on 

                                                 
78 Mergel (2004) investigates the effect of multiplex networks on the adoption of E-learning practices. Stahr 
(2001:27) highlights the multiplex character of rural communication networks. In their multitheory-multilevel 
approach to communication networks, Monge & Contractor (2003:294-296) explicitly take account of multiplex 
network relations. 
79 Although, for example, Parkins (1997) investigates the ‘informal agroforestry communication network’, and 
‘group linkage’, among other factors, represents one variable of interest in the work presented by Davis (2004), 
 



Explaining the adoption and diffusion of innovations  

 

 29

Innovation 
diffusion

 

Innovation 

Non-group networks 

 
 
 
 

Structure, actor attributes

Group network 

 
 
 
 

Structure, actor attributes

Group  
processes

External  
influences

Community 

innovation dissemination in farmer groups is that it fails to adequately address the role of 
group processes. While input variables to groups are relatively easy to observe and thus com-
monly investigated, group processes are more difficult to operationalize from a methodologi-
cal point of view, and their conceptualizations are not always consistent with propositions of 
the general group theory.80 

Based on the above-mentioned generalizations and in an attempt to alleviate the shortcomings 
of past research works, a multiple-pathway model of innovation diffusion is being proposed 
(Figure 1). 

Source: Own elaboration (2007) 

Figure 1: The multiple-pathway model of innovation diffusion 

Supported by a growing literature on diffusion networks, as well as ample empirical evidence 
concerning the effectiveness of horizontal knowledge exchange among farmers, the model is 
founded on the proposition that the spread of innovations is influenced by direct contacts be-
tween individuals.81 In line with the propositions of social network theory, the information 

                                                                                                                                                         
methods of social network analysis have not been applied in these studies. Other studies have not addressed 
network concepts at all (e.g. Alvarado 1980, Burmeister et al. 2001, Place et al. 2002, Were et al. 2006). 
80 For example, out of the process indicators pointed out by general group research, the aspects of identification, 
communication, and commitment have not been investigated by research on performance of and innovation 
diffusion in farmer groups. 
81 Whilst it has repeatedly been pointed out that knowledge about a technology is a necessary but not sufficient 
condition for innovation adoption (e.g. Hoffmann 2007:157, Kiptot 2007, Rogers 2003:169), the belief is held in 
the current research that apart from pure information on the technology other contents are simultaneously trans-
mitted through social relationships, such as, for example, trust, advice, social influence, and role model effects. 
These additional contents do not only create knowledge and awareness of an innovation among potential adopt-
ers, but simultaneously facilitate processes of interpersonal persuasion and social imitation that induce individual 
decision-making, implementation, and confirmation of the adoption decision. 
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flow and thus diffusion of the innovations within the community is presumed to simultane-
ously take place through multiple pathways, i.e. via relationship of distinct contents in differ-
ent network types. Relational contents other than the membership in formal farmer groups 
may refer to, for example, farmers’ informal communication or mutual assistance and ex-
change of tools, farm inputs and other supplies among households. The propositions made by 
the diffusion-by-contagion model shall be complemented by presumptions derived from the 
input-process-output model of the functional group theory. These particularly concern the 
heteromorphic impact of group processes on group performance, i.e. the role of variables such 
as group homogeneity, group activity, and group climate. 

The proposed model rests on the following postulates: (a) the flow of information, knowledge, 
trust, advice, influence, role model effects etc. between farmers takes always place whenever 
a relationship is present, and (b) the gain of knowledge and information, as well as the effects 
of trust, advice, influence and role model relationships will create a persuasive atmosphere 
that facilitates the individual adoption decision and directly translates into individual behavior 
change. The model does not aim to elucidate the material and cognitive processes by which 
stimuli of the individual environment are translated into actual behavior. 

From an empirical point of view, the proposition of innovation diffusion by relational prox-
imity well accords with the social reality in the study regions. Given the remote location, poor 
road access and the limited availability of modern communication media, face-to-face conver-
sations represent the predominant form of information exchange among the farmers. Rural life 
in socio-economically relatively homogeneous communities provides plenty opportunities for 
daily interaction and the formation of relationships of different kinds between neighbors, kin, 
members of age cohorts etc. Finally, cooperation among villagers rather than competition is 
an indispensible strategy to cope with the hardship of rural life in the study regions.  

As a more theoretical justification of the proposition of dominance of cohesion by contagion 
over other network mechanisms of innovation diffusion, viz. cohesion by positional equiva-
lence or physical proximity, the following arguments shall be made: (1) theoretical and em-
pirical evidence provided above suggests that relational proximity is a strong, if not the 
strongest mechanism of innovation diffusion; (2) the positional equivalence mechanism has 
recently faced serious criticism that calls its effectiveness with regard to innovation diffusion 
into doubt; and (3) the physical proximity mechanism of innovation diffusion cannot guide 
the current research due to a lack of distinction from the effects of relational proximity. Given 
the clustered nature of settlement pattern in the study regions, the concept of physical prox-
imity is not very meaningful as most of the villagers’ interactions are likely confined to small-
est units of geographical space (cf. White & Cotts Watkins 2000:341-342). 

In summary, the strength and unique advantage of the multiple-pathway model of innovation 
diffusion proposed is that it accounts for the structure of interpersonal relationships in groups, 
while simultaneously paying due attention to the mediating forces of emerging group proc-
esses, and that it integrates both aspects with individual attributes, innovation-related and con-
text-specific variables. This integrative approach is deemed most appropriate to yield reliable 
predictions of innovation diffusion processes in farmer groups. 

 

2.7 Research hypotheses 
From the multiple-pathway model of innovation diffusion and the review of the theoretical 
and empirical research in the fields of diffusion of innovations, social networks and small 
groups the following research hypotheses have been derived. 

Groups mainly tend to form from members who are similar to each other (Arrow & Crosson 
2003:527), and homophily of members of the same group is likely to increase over time 
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(Newman & Dale 2007). Network homophily, in turn, is thought to result in more effective 
and rewarding interpersonal communication (Rogers & Kincaid 1981:298), which facilitates 
effective task performance (Chidambaram & Bostrom 1996:180, Hoegel & Parboteeah 
2003:7, Shepherd 1975:63). More complex innovations can be assumed to require a more 
intensive manner of interpersonal interaction in order to be diffused between villagers, and 
groups, as compared to non-group networks, to provide better opportunities for intensive 
farmer interactions. These considerations lead to the formulation of the following hypothesis: 

H1: The more complex the innovation, the better it will disseminate through the group 
network and the less effective non-group networks will be. 
 

External factors, in particular the actual exposure to information sources and extension ser-
vices (e.g. Nkamleu & Manyong 2005, Rogers 2003:265, Strang & Soule 1998:271-272), as 
well as the perception towards the extension-communication process (Mahapatra 2002:7) 
have been repeatedly demonstrated to influence the diffusion of innovations in social systems. 
Extension interventions that aim at promoting innovation spread among farmers can be as-
sumed to increase the group members’ access to specialist advice, to improve the group’s ca-
pacity with regard to self-organization, and to mediate conflicts, for example. Therefore, it 
can be expected that: 

H2: The more intensive the prevailing extension intervention is, the more effectively in-
novations will be disseminated through the group network. 
 

Network links mainly tend to form between similar actors, and network homophily tends to 
increase over time (Newman & Dale 2007). Network homophily is thought to facilitate mem-
ber interaction (cf. Monge & Contractor 2003:223) and to foster individual innovation adop-
tion (Greenhalgh et al. 2004:18, Strang & Soule 1998:272). Dense and cohesive networks 
promote the spread of innovations (Haggith et al. 2003). Group theory, too, postulates that 
group cohesion, if not extremely high, facilitates more effective group communication and 
group performance (cf. Rozell & Gundersen 2003:201). As high levels of group activity in-
crease the opportunity for member interaction and the formation of cohesive relationships, 
innovations are hypothesized to more successfully diffuse in more active groups. 

H3.1: Group homogeneity will positively be related to the diffusion of innovations within 
the group network.  

H3.2: These relations will be mediated by group activity. 
 

One of the major insights of group theory is that the group processes influences the outcome 
of a group (Poole et al. 2005b:24). High levels of member motivation improve individual ef-
fort and performance in groups (Hart et al. 2004, Kerr 1983). Group members’ identification 
with the group as a whole improves group relationships among members (Cunningham & 
Chelladurai 2004), as well as group behavior (Hogg et al. 2004:262). Open and free commu-
nication among the group members facilitates efficient and effective task performance (Shep-
herd 1975:63). Member commitment is essential for group effectiveness (Ellis & Fisher 
1994:274), and member involvement for effective team performance (Chidambaram & 
Bostrom 1996:181). In view of these findings it seems reasonable to suggest that, ceteris pari-
bus,  

H4: High levels of member motivation, identification, communication, commitment and 
involvement will positively influence the diffusion of innovations in the group network.  
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3 Methodological framework of the research 

3.1 Operationalizing the research variables 
Research variables to operationalize the multiple-pathway model of innovation diffusion and 
the hypotheses derived thereof have been selected based on the results of the theory review. 
Given the limited transferability of the context-specific indicators as identified in the theory 
review to other research settings, the indicators to be employed in the current research shall be 
defined as theoretically appropriate and deemed adequate to the local conditions. Table 2 pro-
vides an overview on the indicators and variables used, the associated elements of the multi-
pathway model and the main data collection tools employed. 

Table 2: Research variables, indicators and main data collection tools 
Variable* Indicators Main data collection tools Analytical 

level 
Hypo-
thesis 

Dependent: 
Innovation 
diffusion 

Average level of innovation adoption, 
duration of innovation spread, percent-
age of adopters among network peers 

Computed at network level from 
responses of individual network 
members 

Network H1; H2; 
H3; H4 

Independent: 
Group mem-
bership (diff. 
pathway) 

Membership in development-oriented 
farmer groups, network type (group vs. 
non-group) 

Acquired during household in-
terviews 

Household H1 

Intensity of 
the extension 
work (exter-
nal influ-
ences) 

Group extension contact, group forma-
tion, average exposure of members to 
extension advice, intra-group variation 
of member exposure to extension ad-
vice, extension approach, strength of 
extension intervention, magnitude of 
innovation promotion, adoption impetus

Computed at group level from 
responses of individual group 
members (investigated during 
household interviews); comple-
mented by information derived 
from secondary sources and 
expert interviews 

Group, case 
study 

H2 

Group ho-
mogeneity 
(group proc-
ess) 

Member deviation regarding HH size, 
residential status, farm size, fertilizer 
use, off-farm labor, off-farm and gross 
farm income, ethnic/ religious affilia-
tion, age, sex and education of HH head

Computed at network level from 
attributes of individual group 
members (investigated during 
household interviews) 

Group H3a 

Group activ-
ity (group 
process) 

Official group registration, group stat-
utes, regular group meetings, average 
duration of membership, group purpose 

Computed at network level from 
responses of individual group 
members (investigated during 
household interviews) 

Group H3b 

Group cli-
mate (group 
process) 

Member motivation, identification, 
communication, commitment, involve-
ment 

Computed at network level from 
members’ responses (investi-
gated using Likert-scaled items 
during household interviews) 

Group H4 

Control: 
Innovation 
complexity 
(innovation) 

Complexity category Ranking by experts Innovation H1 

Network 
structure 

Network size, network density, network 
cohesion, actor centrality, network 
centralization 

Computed from network data 
acquired during household inter-
views 

Network H1; H2; 
H3; H4 

Socio-econ. 
household 
status (actor 
attributes) 

HH size, age, sex and education of HH 
head, farm size, land tenure security, 
gross farm income, proportion of off-
farm income, residential/ ethnic status 

Acquired during household in-
terviews 

Household H1; H2; 
H3; H4 

*Relevant element of the multiple-pathway model provided in parenthesis. Source: Field research (2007) 
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One of the key advantages offered by the social network framework underlying the current 
guiding model of research is that it provides the opportunity for multi-level comparisons. The 
current research exploits this benefit by defining indicators at multiple levels. Following the 
classification proposed by Stahr (2001:22-25), relational, absolute and contextual indicators 
shall be defined at the network actor (household) level, and analytic and independent indica-
tors refer to the group or network level of investigation. Factors specified at the level of the 
single innovation and the entire case study shall complement the research indicators. 

In an attempt to alleviate the ‘pro-innovation bias’ inherent in most of the conventional diffu-
sion research, and following a proposition made by Rogers (2003:113), a range of 22 innova-
tions rather than single technologies shall serve to assess the diffusion variable in the current 
research (see Chapter 3.4 for more details). The effectiveness of innovation diffusion shall be 
operationalized at the level of entire networks covering three major dimensions of innovation 
diffusion, viz. diffusion depth, speed, and width. To this aim, the indicators of average level 
of innovation adoption by the network members, time span between the first and the last net-
work member having adopted the innovation, and proportion of adopters among the total 
number of ego’s network peers including non-adopters have been used. Whilst a high average 
adoption level and a high proportion of adopters indicate effective innovation dissemination 
in the network, increasing time between first and last adoption is an indication of less effec-
tive innovation diffusion among network peers. The indicators shall be aggregated from the 
responses of individual network members. 

Out of the multitude of non-group relations that link the farmers of a community, casual 
communication on farm matters, as well as inter-household exchange of farm inputs such as 
tools or seeds have been chosen to operationalize the non-group networks.82 Both non-group 
networks represent dissimilar levels of relational intensity and shall be referred to as informa-
tion and exchange networks in the current research. Farm visits to other group members rep-
resent the content of the relationships in the group networks.83 Membership in development-
oriented farmer groups and network type (group vs. non-group) are the two binary household-
level indicators used to operationalize the diffusion pathway and thus to compare the diffusion 
effect of multiple networks in Hypothesis 1. Related to this hypothesis, innovation complexity 
represents the one indicator chosen to operationalize innovation attributes for its relative sim-
plicity and inclusiveness as compared to other potential indicators. 

The intensity of extension intervention constitutes the main variable chosen to operationalize 
the external context because it represents the major element of variation between the case 
studies in the current research. Other variables potentially suited to operationalize the external 
context, such as natural conditions, infrastructure etc. are deemed less appropriate as cases 
                                                 
82 Information and exchange relations are both deemed associated with the spread of farm innovations in a com-
munity: By engaging in farm-related communication, farmers share news, information, opinions, and personal 
experiences with one another that make potential adopters aware of the innovations and that create the kinds of 
social pressure and persuasive atmosphere, which facilitate individual innovation adoption. Relations of farm 
input exchange are likely to contribute to innovation adoption as they also embrace farm-related communication 
and in addition provide the opportunity for mutual farm visits and on-farm observation and reflect a level of trust 
that is supportive to processes of social influence and role model effects. 
83 This choice has been made based on the following arguments: First, given the opportunity – and necessity – of 
frequent interaction of members in their groups, relationships of lower relational intensity (e.g. being a member 
of the same group, talking to each other etc.) are likely to result in completely connected group networks not 
amenable to meaningful analyses. Second, following the premise of contagion by cohesion, mutual farm visits 
are deemed to facilitate innovation dissemination as they provide the opportunity for on-farm observation and 
role model effects that, in addition to information and knowledge exchange, are required to shape the individual 
innovation adoption decision of group members. 
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will be selected to minimally vary with regard to these factors (see Chapter 3.3 for more de-
tails). The following indicators shall illustrate the intensity of the extension interventions at 
the group level: (a) group extension contact, i.e. whether or not the group has been addressed 
by extension workers; (b) group formation, i.e. whether or not the group has been formed by 
farmers or on external initiative, (c) the average exposure of group members to targeted ex-
tension advice, i.e. farm visits, trainings, or study tours, represented by three categories rang-
ing from ‘no’ to ‘high’ exposure, and (d) the intra-group variation (standard deviation) of the 
average extension exposure among members. In addition, (e) the predominant extension ap-
proach, (f) the strength of the extension interventions as assessed based on a variety of quali-
tative characteristics (see Chapter 4.3), and (g) the magnitude of innovation promotion, i.e. 
the significance of the innovation under study in the overall extension strategy serve to char-
acterize the extension intensity at the case-study level. Finally, (h) adoption impetus shall also 
serve to illustrate the extension intensity. 

Consistent with the outcome of the theory review, group homogeneity, group activity and 
group climate constitute the three variables chosen to operationalize the group processes. 
Group homogeneity has been operationalized as the degree to which the members of a given 
farmer group are socio-economically and demographically similar to each other. Twelve vari-
ables, which have been identified during key informant discussions and which grasp major 
circumstances of household livelihood, shall serve to assess member homogeneity. Group-
level indices shall be calculated from household-level data acquired during the household 
interviews. The group-level standard deviations serve as indicators for metric homogeneity 
variables, and the percentages of replies in the modal category represent the indicators for 
categorical variables of homogeneity. Values of standard deviation increase with growing 
group heterogeneity, whilst high proportions of replies in the modal category indicate a high 
degree of group homogeneity. Official group registration, group statutes, regular group meet-
ings, average duration of membership, and group purpose shall serve to operationalize the 
group activity variable. In full accordance with the literature review, member motivation, 
identification, communication, commitment and involvement serve to operationalize the 
group climate variable. The group process indicators shall be aggregated for the group level 
from the responses of the individual members. 

Group network structure and cohesiveness, as central input variables to groups, represent 
relevant control variables in the current research. Other group variables, such as duration of 
group life and group norms and leadership shall not be considered for their partial overlap 
with the group activity and group climate variables. Network size, represented by its most 
intuitive measure number of network peers that reflects the extent and informational range of 
the network; cohesion as a measure of relational reciprocity and the level of trust and mutual 
dependency in the network; actor degree centrality as an indicator of the potential communi-
cation activity of a node (Freeman 1978); degree centralization as a measure of the variability 
of individual actors’ communication activity (Monge & Contractor 2003:45), and network 
density as a common index of network completeness and structural network cohesiveness 
(Wasserman & Faust 1998:129) represent the indicators used in the current research. 

Given the contingency of innovation adoption from a multitude of individual-level variables, 
household size, age, sex and education of household head, farm size, land tenure security, 
gross farm income, proportion of off-farm income, residential status and ethnic affiliation of 
the household shall serve as actor-level control variables in the current research. These vari-
ables have been identified as being most relevant to innovation adoption by key informants in 
the study areas. 
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3.2 Research process 
The research process unfolds along the general sequence of the research process (e.g. Schnell 
et al. 1995:7). In the current research project, the following four main stages can be distin-
guished: 

- During the initial phase, a thorough review of theoretical and empirical literature has 
been performed that served to precisely identify the research problem, to generate re-
search hypotheses, to develop a suitable research methodology and to derive an op-
erational model of research. 

- During the reconnaissance phase, prospective study areas have been identified and 
their suitability for the current study has been evaluated. To this end, reconnaissance 
surveys, a review of previous researches conducted in the areas, and archival studies 
have been performed. The final selection of study areas has been made based on the 
criteria listed below. The data collection tools for the main research phase have been 
developed, pre-tested and modified accordingly. 

- The main data collection phase was used to elicit the bulk of quantitative data 
through household surveys. The research phase comprised recruitment and training 
of enumerators, administration of the household questionnaires, data entry and pre-
liminary analyses that served to adjust the research process. Collection of qualitative 
data from various sources was to complement the quantitative data obtained. 

- Data cleansing, data processing and final data analyses constituted the core activities 
undertaken during the concluding research phase. Research results have been synthe-
sized, discussed, and finally published in scientific essays and the current disserta-
tion. 

 

3.3 Selection of the case study locations and farmer groups 
The current research employs a multiple case study design (Yin 2003). The selection of cases 
follows the logic of theoretical replication (ibid.:53). Among the elements of the proposed 
multiple-pathway model of innovation diffusion, external context – in particular the type of 
extension intervention – and the character of group structure and processes shall serve as the 
major factors of variation across the case studies. In contrast, the element of innovation shall 
be held constant across cases and only be allowed to vary within the individual case studies. It 
is believed that studying farmer groups with dissimilar structural and process characteristics 
and embedded in varying external extension contexts would likely elucidate differences in the 
innovation dissemination among group members. 

Selection of case study locations 
The geographic focus of the present study is laid on the semi-arid regions of Kenya and 
Ethiopia. This is attributed to three reasons: First, given the need to cope with harsh environ-
mental conditions and to alleviate the consequences of severe resource degradation, both 
countries have a long tradition in agroforestry development and application (e.g. Castro 1991, 
cf. Poschen 1986). Agroforestry and tree-related practices have extensively been promoted by 
national and international agencies, and agroforestry practices are increasingly being adopted 
by farmers in both countries. The research, therefore, can choose among a variety of agrofor-
estry technologies ranging from recently introduced innovations to traditional practices that 
have widely spread and been appropriated by a majority of farmers at each study site. Simul-
taneously, given the comparable agro-ecological conditions at the study sites, the agroforestry 
innovations practiced at each of the case study sites are likely to be largely similar. 
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Second, farmer groups constitute an integral component of rural extension work in both coun-
tries (cf. Davis 2004:204-208, EEPRI 2005:59). Based on the traditional importance of di-
verse forms of farmer cooperation, and facilitated by the promising results of group-based 
extension approaches from across the world, group extension has become equally popular 
among national extension service providers and international donor organizations in Kenya 
and Ethiopia. The diversity of the national extension sectors, on the other hand, has facilitated 
the emergence of diverse extension concepts within both countries (see Chapter 1.2). Besides 
the opportunity to identify study sites where group extension approaches are being adopted, 
this fact also allows choosing study areas for comparison where extension work is not being 
targeted towards groups, but mainly being delivered to individual farmers. 

Third, dissimilar forms of group organization have developed from the contrasting approaches 
to group governance in both countries. Whilst a strong tradition of peasant self-help mobiliza-
tion has led to a pluralistic diversity of farmer groups in Kenya, strict governmental supervi-
sion of formal farmer groups in Ethiopia leads to groups relatively uniform in their structure, 
objectives and activities. Traditional farmer groups, on the other hand, are still significant in 
parts of Ethiopia. The dissimilar approaches to group governance and the variety of group 
types in the study areas are expected to result in a variation of group structure and process 
variables that is deemed appropriate to exemplify the innovation diffusion in farmer groups. 

The selection of study sites within both countries aimed to cover the maximum diversity with 
regard to the role of farmer groups in the prevailing extension approach, as well as the type of 
group organization. The current research shall include one recognized example of group ex-
tension and one study site where farmer groups are not being addressed by the extension 
agency in each country. The population of the study sites, furthermore, shall be actively par-
ticipating in farmer groups suited to the purpose of the current research. The ability and will-
ingness of farmers, authorities and extension agencies to cooperate, the availability of secon-
dary data sources, the location and accessibility of the study villages, and an appropriate size 
of the village population allowing a minimum sample size of 180 households are additional 
criteria for the selection of the case study sites considered at an operational level. In addition, 
maximum bio-physical, agro-ecological and socio-economic comparability of the study sites 
shall be aimed at. Although all of the study sites shall represent examples of mixed small-
holder farming systems with a semi-subsistence orientation in semi-arid environments, some 
degree of socio-economic heterogeneity within and between the case studies is likely to re-
main. 

Selection of farmer groups 
In order to vary the group process factor, informal farmer groups shall be studied in addition 
to formal top-down and pluralistic farmer groups. However, the reconnaissance survey and 
review of secondary sources has revealed that not all types of farmer groups that exist in the 
study areas are equally suited for the purpose of the current research. 

In general, farmer groups can be expected to address a multitude of objectives. Welfare 
groups and funeral associations, for example, aim to cover the direct expenses and to compen-
sate for the temporary labor shortage that arises from the death of a household member by 
voluntary member contributions of money, foodstuff and labor to the bereaved household.84 
Spiritual and church groups, on the other hand, mainly serve to strengthen the villagers’ reli-
gious faith, to practice charity and to raise funds for church affairs; in addition, these groups 
fulfill an important social function by providing the frame for joint religious celebrations and 
                                                 
84 For a detailed description of funeral groups in Ethiopia see Bold (2003). 
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ceremonies.85 Informal saving associations are widespread traditional organizations that exist 
throughout Ethiopia.86 Members of these groups regularly contribute small amounts of money 
and in turn are provided the chance of ‘lottery draws’ on a rotational basis. The money ob-
tained, however, is mostly spent on household consumption and not on farm investments (As-
pen 1993:75). Since these welfare, funeral, spiritual and saving groups do not primarily ad-
dress farming practice or the socio-economic development of the member households, causal-
ity between group membership and the diffusion of farm innovations cannot reasonably be 
assumed. Such groups, therefore, shall not be included in the current investigation. 

Likewise, organizations that operate at regional or national level and thus extend their mem-
bership beyond the boundaries of the study villages, e.g. farmer associations, unions, or coop-
eratives, shall not be included in the investigation, since the delineation of member relations 
in such large organizations poses serious methodological problems. Groups that primarily 
assemble landless villagers shall not be included in the current investigation, either, as the 
members of these groups usually lack the farmland and decision-making power needed to 
adopt innovative farm technologies. 

Rather, the current investigation shall be limited to local groups that pursue development-
oriented activities and thus are relevant to the spread of farm technologies among the commu-
nity members. The groups additionally shall consist of no less than five members as smaller 
groups are not provided official registration in Kenya (Mulonzi, personal communication). 

The case study sites chosen and the actual types of farmer groups selected for investigation 
are presented in Table 3. For a detailed account of the four study areas, including the charac-
teristics of the prevailing farmer group types and extension activities, see Chapter 4. 

Table 3: Types of farmer groups to be investigated and case study sites chosen 
Group organization Extension approach 

Formal, top-down Formal, pluralistic Informal 

Groups explicitly ad-
dressed by the extension 
agency 

Development teams in 
Abraha Atsbaha (Ethio-
pia) 

Harambee self-help 
groups and water project 
groups in Mongorion 
(Kenya) 

not investigated 

Groups not targeted by 
the extension agency 

not investigated Harambee self-help 
groups and water project 
groups in Wote (Kenya) 

Dabo and Gelgele labor-
sharing groups in Bola 
Buta (Ethiopia) 

Source: Field research (2007) 

 

3.4 Data collection methods and tools 
Methods and tools that stem from the field of empirical social research have been used to col-
lect qualitative and quantitative primary and secondary data. 

Reconnaissance survey 
In order to gain permission and support for the research project, the researcher and his team of 
enumerators have been introduced and the purpose and time frame of the research have been 
made known to the local authorities, village elders and villagers by staff of the development 
                                                 
85 A brief description of religious farmer groups in Ethiopia is entailed in Laube (1999:58). 
86 Aspen (1993) provides a detailed description of these associations. 
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projects or public extension agencies upon inception of the field research. Using transect 
walks (Crawford 1997, Wilde et al. 1995) the biophysical and socio-economic conditions at 
the study sites have been explored, agricultural and agroforestry innovations typical for the 
areas have been scanned, and particularities of innovation adoption have been studied. Un-
structured questionnaires designed for informal expert interviews (Schnell et al. 1995:353 ff.) 
with village elders, extension agents and staff of the development projects and authorities 
served to acquire a deeper understanding of the nature and extent of the extensions interven-
tions and the type and character of farmer groups in the areas. Discussions with key infor-
mants also assisted the selection of socio-economic variables being regarded as most influenc-
ing innovation adoption and group homogeneity for inclusion in the household surveys. The 
review of archival records (Neuman 2000:396 ff.) at the seat of the district authorities and the 
headquarters of extension stakeholders complemented the reconnaissance research phase and 
yielded secondary data from group cadastres, statements of accounts and minutes of group 
and project activities, for example. During the reconnaissance phase, the researcher was ac-
companied by a local interpreter who well knew the study area and readily facilitated sponta-
neous interactions with villagers. Research notes and transcripts of observations, informal 
discussions and interviews were carefully kept and analyzed immediately in order to facilitate 
subsequent phases of the research process. 

Household survey 
Standardized household interviews (Schnell et al. 1995:301 ff.) were conducted after the 
analysis of the initial field data. The surveys were intended to solicit quantitative information 
on innovation adoption by the individual households, their involvement in non-group social 
networks, the household members’ participation in farmer groups, their appraisals of group 
activities and group processes, household exposure to extension services and basic aspects of 
household economy (refer to Annex 7 for a sample questionnaire).  

The reconnaissance information obtained during the initial research phase and insights de-
rived from the theory review helped to draft the survey questions. In order to ensure construct 
validity of the survey items the questionnaire has been pre-tested and necessary modifications 
made using three to five randomly selected households at each study site. Three to six enu-
merators have been recruited at each study site who administered the questionnaire to the re-
spondents. For the sake of maximum data reliability the recruits were required to be familiar 
with the management of natural resources, to be intellectually able to understand the abstract 
concepts utilized in the current research and to competently communicate them to farmers of 
various backgrounds. Therefore, degree holders who graduated at a minimum of diploma 
level in the fields of agriculture, forestry, or soil and water management have been employed. 
The enumerators were additionally required to have a profound command of the local lan-
guage spoken by the farmers in the study areas, and to be well accustomed to the rural work-
ing conditions. The enumerators have intensively been trained prior to the household survey, 
and constantly been guided and supervised by the researcher during the data collection proc-
ess. Completed questionnaires have been scrutinized by the researcher for completeness and 
accuracy, and clarification has been immediately sought from the households in case of lack-
ing or inconsistent data. 

To facilitate the analysis of the networks under study at multiple levels (Rogers & Kincaid 
1981:110-111), full samples consisting of all households living in the study villages at the 
time of fieldwork have been interviewed. Households that resided outside the boundaries of 
the delineated study villages have also been included in the sample if they were central to the 
networks under study. In total, 203 (Mongorion), 230 (Wote), 229 (Bola Buta) and 179 
(Abraha Atsbaha) interviews have been conducted. The interviews lasted 90 minutes on aver-
age. They have usually been conducted at the farm compound with the main household deci-
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sion-maker. Frequently, other household members who were more knowledgeable to respond 
to particular questions have been called by the interviewees, for example wives were asked to 
provide information on the amount of household food consumption or the activities of their 
women groups. Because non-response is particularly problematic in network studies (White & 
Cotts Watkins 2000:340) respondents, if absent, were usually tracked to their places of work 
(e.g. farm plots, stone quarry), and other household members, such as the wife, a grown-up 
son, or a father-in-law, have been interviewed in cases when the household head had been 
unavailable for a longer period.  

22 agricultural, agroforestry and tree management innovations have been identified during the 
reconnaissance surveys in order to operationalize the innovation adoption behavior of the 
study households in the current research. To further reduce bias towards progressive farmers 
and to facilitate a more comprehensive perspective on the innovation diffusion process, the 
selected innovations embrace technologies of differing complexity introduced by various 
stakeholders of the extension system, as well as traditional practices (refer to Annex 5 for a 
list of innovations under study; see Annex 8 for some typical examples). The level of current 
adoption of each innovation by the respondent households has been evaluated during the in-
terviews using qualitative and quantitative criteria (e.g. the year of first adoption, plans to 
abandon or expand the adoption, features of the adoption technique etc.). As proposed by 
Place & Swallow (2002:24 ff.), a non-binary measure of innovation adoption has been util-
ized. Observation served to triangulate and complement the interview data revealed by the 
respondents. In many cases the enumerators have been invited by the farmer to inspect the 
farm compound upon conclusion of the interview and so could easily verify the responses 
obtained. The time of first innovation adoption has also been recorded. In order to reduce the 
recall problem pertinent to diffusion research (Rogers 2003:135), the data were cross-checked 
with other dates provided during the interviews (e.g. time of immigration to the village, time 
of marriage, time of farm enlargement etc.). 

Survey sociometry (Rogers & Kincaid 1981:119) has been used to delineate the social net-
works of the respondent households. Given the fact that farmers usually use ambiguous local 
or incomplete names to refer to their peers, many network studies face difficulties to precisely 
link the persons listed by the respondents to existing individuals (e.g. Aspen 1993:60, White 
& Cotts Watkins 2000:342). As such problems considerably decrease the validity and reliabil-
ity of the network data, greatest effort has been made to precisely scrutinize the identity of the 
respondents’ network peers during the household survey. To this end, a complete list of 
households had been compiled by the village administrators before commencing collection of 
network data. The list contained the traditional, Christian and colloquial names of the house-
hold head and main household members and was used by the enumerators to probe for the 
identity of network peers provided by the respondents during the interviews until the peer 
household could clearly be identified. Assisted by village elders and villagers from the differ-
ent hamlets, the list of household names has been constantly complemented and repeatedly 
verified and consolidated during the research process. 

To derive the group and non-group network data, the name generator method was preferred 
over the roaster choice method (Scott 1998:4, Rogers 2003:310) as the latter proved unfeasi-
ble for the study context given the large number of several hundred potential network peers 
for non-group networks, and the lack of updated member lists for most of the farmer groups 
under investigation. Because a universal and tested sociometric name generator is lacking, 
Stahr (2001:55) suggests to derive the name generator question from theory-driven hypothe-
ses. This has been the approach followed in the current research work (see footnotes 82 and 
83 on page 33). Respondents were allowed to generate an unlimited number of network part-
ners for all network types. Despite the fact that some scholars have questioned the reliability 
and validity of network data generated by recall (e.g. Brewer 2000), it can be assumed that the 
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regularly occurring relations investigated in the current research are recalled by the actors 
with reasonable accuracy (Marsden 1990 cited in Hansen 1999:93). Non-specific prompting 
for additional relevant persons has been applied to further enhance the recall of network peers 
by the respondents. 

Data on membership in farmer groups, the groups’ activities and group-level processes have 
also been enquired during the household interviews. Despite the operational problems en-
countered by some authors during collection of group data using the survey method (e.g. 
Place et al. 2002:15-16), Davis & Negash (2007:29) observed that, although just one spouse 
usually joins a farmer group, the other, yet often informally, might get involved in group af-
fairs as well. It seems, therefore, reasonably likely that the data provided by the main respon-
dent concerning the household members’ group activities are sufficiently accurate. 

Additional data collection 
Supplementary data were collected through in-depth interviews (Neuman 2000:370 ff.) with 
selected households using unstructured questionnaires. Farmers who were particular in terms 
of the innovations adopted or revealed other interesting information during the regular house-
hold interviews have been asked to volunteer in-depth information and, if they agreed, have 
been interviewed once again by the researcher or his enumerators at a later time. In-depth 
interviews served to extract, probe, or verify information on subjects not exhaustively being 
discussed during the regular interviews, for example regarding the adoption history of specific 
innovations, the social embeddedness of the household members, particular activities of 
farmer groups or group conflicts. Depending on the subjects discussed, the in-depth inter-
views lasted between 25 and 90 minutes. A number of 5 to 23 households have provided in-
depth information at each study site. Although the data acquired do not easily lend themselves 
to statistical analyses, these interviews generated very useful and detailed qualitative insights 
that shall serve to illustrate the quantitative analyses presented in the current research work.  

Passive participant observation (Lamnek 1995:252) and attendance of on-going group events 
by the researcher served to generate an understanding of group activities, group processes and 
group functioning of selected farmer groups. A broad set of key informants comprising ad-
vanced farmers, female household heads, extension workers, and project staff have been se-
lected to rank the 22 innovations under study according to their perceived complexity. In so 
doing innovative farmer bias has been further reduced and the diverse perspectives of differ-
ent population strata have adequately been taken into account. In order to facilitate subsequent 
socio-economic analyses, market prices of farm products and consumer goods, as well as lo-
cally common wage labor rates have been enquired from traders and educated farmers at each 
study site. Secondary data on the study areas, the national extension systems, traditional 
farmer organizations and other relevant topics have been retrieved from the agriculture, soci-
ology, anthropology, and development studies departments of the university libraries in El-
doret (Moi University), Njoro (Egerton University), Nairobi, Dire Dawa (Alemaya Univer-
sity), Mekelle and Addis Ababa, as well as from national and regional agricultural research 
institutes. 

 

3.5 Analytical approach and statistical methods 
A quantitative research approach was deemed most appropriate to attain the objective of the 
current investigation and to grasp the particularities of the diffusion of a set of innovations in 
a variety of farmer groups under dissimilar frame conditions. The research, hence, largely 
relies on statistical inference from the empirically observed data for the test of research hy-
potheses and generation of results. The plausibility and causality of the statistical inferences 
shall be tested and illustrated by analytic generalizations derived from the qualitative data, 
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which stem from the household, group and case study levels. Because the innovation adoption 
decision is usually made at the level of individual households, these constitute the actors in 
the social networks investigated. The diffusion of innovations, however, shall be studied at 
the level of the entire network. Farmer groups, therefore, constitute the main units of analysis 
in the current research work. 

Entry and processing of the data generated by the formal surveys was commenced after the 
immediate check-up of the questionnaires by the researcher. Two data entry assistants in each 
country have been provided with an appropriate data base and data input mask created using 
the software package EPI Info (CDC 2005). Upon completion of data entry and ensuing data 
cleansing the raw data have been transferred to Excel spreadsheets (Microsoft 2003) for com-
putation of the social network matrices and indicators. Non-group networks have been assem-
bled from the questionnaire data as ego-centric actor networks that depict the linkages, which 
exist between ego and all of his peers, as well as the relationships among these network peers. 
In contrast, group networks have been constructed in the socio-centric mode from the entire 
set of farmers who claimed during the interviews to be a member of a particular farmer group. 
By removing the actors who have not adopted the innovation under scrutiny, innovation-
specific networks have been derived from the ego-centric actor networks and the socio-centric 
group networks for each single innovation under study. The rationale behind omitting non-
adopters is that farmers can be assumed to mainly obtain their adoption impetus from those of 
their peers who have adopted the innovation themselves, as only those peers are likely to pro-
vide the innovation-related information, evaluations and opportunity for confirmation re-
quired to shape a favorable attitude that ultimately may lead to a positive adoption decision. 

Three types of group and non-group networks have been investigated (see Chapter 5 for de-
tails). Computing 22 innovation-specific networks for the three network types of each respon-
dent household, and accounting for multiple group memberships of some respondents, a total 
of 58,432 innovation-specific networks has been specified. Each data set contains head, net-
work- and individual-level variables; group network data sets additionally contain group at-
tributes that have partly been aggregated from the individual group members’ responses 
(Table 4). 

Table 4: Illustration of the structure of the data sets that entered the quantitative analyses 
Data 
set 

Ego Network 
type 

Inno-
vation 

Network 
attributes 

Group 
attributes 

Individual 
attributes 

Character of the data set 

1 F0-1 Information All aa  y Ego-centric actor (information) network 
2 F0-1 Information 1 ab  y Innovation-specific information network 
3 F0-1 Information 2 ac  y Innovation-specific information network 
... F0-1 Information ... ...  y Innovation-specific information network 
23 F0-1 Information 22 az  y Innovation-specific information network 
24 F0-1 Exchange All ba  y Ego-centric actor (exchange) network 
25 F0-1 Exchange 1 bb  y Innovation-specific exchange network 
... F0-1 Exchange ... ...  y Innovation-specific exchange network 
46 F0-1 Exchange 22 bz  y Innovation-specific exchange network 
47 F0-1 Group All ca x y Socio-centric group network 
48 F0-1 Group 1 cb x y Innovation-specific group network 
... F0-1 Group ... ... x y Innovation-specific group network 
72 F0-2 Information All aaa  z Ego-centric information network 
... ... ... ... ...  ...  
Source: Field research (2007) 

The data sets produced have been made amenable to quantitative statistical analyses by trans-
ferring them to the SPSS software package (SPSS Inc. 2004). Conventional statistical meth-
ods are deemed not applicable to the study of groups and social networks due to the lack of 
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independence of observations (Wasserman & Faust 1998:21). A number of statistical proce-
dures have been proposed to address this problem (e.g. Marcus 1998, Bonito 2002). Yet, mul-
tiple regression analysis, ANOVA and related statistical techniques can be – and continue to 
be – used in the study of small groups (cf. Hoyle et al. 2001:42), if relationships between 
variables rather than social relationships between actors constitute the analytical focus (Han-
neman & Riddle 2005:245). To circumvent the non-independence problem, Hoyle et al. 
(2001:46) additionally propose to use the group as the unit of analysis. Both approaches have 
been followed in the current research work. 

Statistical data analysis involved the use of descriptive and inferential uni- and multivariate 
statistical techniques. The distribution of the independent variables in the case studies has 
been investigated using chi-square tests, Kruskal-Wallis-tests and ANOVA as appropriate to 
the scale of variable measurement. Cronbach’s alpha served to evaluate the reliability of the 
psychometric data collection instruments used to investigate group processes. In order to test 
the hypotheses, the effect of the independent variables on innovation diffusion was evaluated 
using multivariate linear regression analysis. To achieve maximum validity of the regression 
models and to avoid over- or under-specification of the models, a scrupulous literature review 
and the results of reconnaissance surveys served to theoretically and empirically derive the 
entry variables. In accordance with general data requirements of multiple regression models 
(Garson n. d.), categorical variables have been converted into binary dummy variables and 
interaction terms of highly correlated independent indicators have been used to reduce multi-
collinearity. 

The multiple regression equation takes the form 

cxbxbxbY nn ++++= *...** 2211  (1) 

where Y is the dependent and x1 to xn are the independent variables, b1 to bn are the regression 
coefficients and c denotes the intercept. The regression coefficients reflect the unique contri-
bution of each independent variable to explaining the total variance in the dependent variable 
(ibid.). Evaluating the regression coefficients thus allows drawing conclusions with regard to 
both the strength and direction of association between dependent and independent variables. 

To illustrate the qualitative evidence collected from the in-depth household and group case 
studies, ego-centered and socio-centered diffusion networks shall be visualized using the 
UCInet software package (Borgatti et al. 2002). Node shape and color have been utilized to 
graphically represent actor attributes related to innovation adoption. 
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4 Description of the study areas 

4.1 General remark 
The natural, socio-economic and cultural conditions of the study areas, the extent of extension 
activities and the types of farmer groups investigated shall be described in the subsequent 
chapter. The purpose is to demonstrate the conformity of the study areas with the theoretically 
derived selection criteria (Chapter 3.3) and to empirically validate the suitability of the study 
areas for the purpose of the current research. In addition, the qualitative and quantitative in-
formation provided serves to delineate the case study framework within which analytic gener-
alizations apply. The qualitative description of the extension activities shall facilitate the as-
sessment of extension intensity undertaken in Chapter 6. 

 

4.2 Natural, socio-economic and cultural conditions 
The study sites are located in Eastern Africa. Administratively, they belong to the Rift Valley 
and the Eastern Provinces of Kenya, and the Oromia and the Tigray Regions of Ethiopia 
(Figure 2). The study areas lie in the zone of the summer-moist tropical climate that is charac-
terized by semi-arid conditions with one or two short rainy and extended dry seasons (Schultz 
2002:374 ff.). The minimum annual precipitation in this zone is 500 mm, and average 
monthly temperatures lie above 18°C (ibid.:374 ff.). The soils are predominantly character-
ized as Nitosols and Acrisols or as sandy and poorly developed (Scoones 2001:18). Whilst 
Nitosols are of moderate to high productivity, Acrisols are described as having a low produc-
tion potential only (Driessen et al. 1991:169-179). Typically, the short intensive rainfalls and 
the low permeability of the soils in the region result in severe soil erosion (Schultz 
2002:384 ff.). 

Source: Field research (2007) 

Figure 2: Administrative boundaries of Ethiopia and Kenya and location of the study sites 

Woodlands, tree and shrub savannah constitute the predominant forms of natural vegetation in 
the study region. An open to closed layer of wooden plants above a dense layer of grasses are 
characteristic for these vegetation types (ibid.:399). However, through repeated cultivation, 
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the abundance of the wooden plants in these formations declines (Menaut et al. 1995:68). 
Consequently, grass savannah represents the actual vegetation type in large parts of the study 
region.  

The most common farming systems can be classified as upland cereal-based and small-scale 
mixed farming systems with a semi-subsistence orientation (Beets 1990:381 ff.). Rain-fed 
maize, teff and wheat farming, partly through shifting cultivation, constitute the major agri-
cultural activity. Livestock rearing is a traditional component of the farming systems. Fruit 
tree management and irrigated horticulture have recently been introduced to the study areas 
and possess commercial potential. In general, the farming systems are characterized by a low 
level of mechanization and technology input.  

An overview on the bio-physical conditions of the study areas is provided in Table 5. 

Table 5: Bio-physical characteristics of the study areas 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Investigated 
villages 

Achawa, Mongorion, 
Kodoso and Poroswo 

Mwaani, Kyamusoi 
and Kamunyolo 

Menafesha, Gabriel 
Sefer, Goro Buta 

Minda 

Geographic 
location 

1°23' N, 35°13' E 1°46' S, 37°40' E 8°34' N, 39°10' E 13°50' N, 39°30' E 

Administrative 
location 

Ywalateke Location, 
Chepareria Division, 
West Pokot District, 
Rift Valley Province, 
Kenya 

Wote Location, Wote 
Division, Makueni 
District, Eastern 
Province, Kenya 

Bola Buta Peasant 
Association, Lume 
Woreda, Oromia 
Region, Ethiopia 

Abraha Atsbaha 
Peasant Association, 
Wukro Woreda, 
Tigray Region, E-
thiopia 

Distance to 
major urban 
centers 

3 km N of Chepareria 
town (market place), 
approx. 40 km NE of 
Kitale, approx. 380 
km NW of Nairobi 

5 km E of Wote town 
(major market place), 
81 km SE of 
Machakos, approx. 
230 km SE of Nai-
robi 

17 km SW of Mojo 
town (major market), 
approx. 18 km NE of 
Nazret (major mar-
ket), approx. 85 km 
SE of Addis Ababa 

5 km N of Abraha 
Atsbaha (market 
place), 15 km NW of 
Wukro town, approx. 
580 km NE of Addis 
Ababa 

Topography Elevation ca. 1300 m 
a.s.l.a) 

Elevation ca. 200 m 
a.s.l.d) 

Elevation ca. 1800 m 
a.s.l.f) 

Elevation ca. 2000 m 
a.s.l.h) 

Climate Mean annual precipi-
tation 791 mm with 
one rainy seasons 
(Apr-Jul) (station: 
Sebit, 20 years) a), 
mean annual tem-
perature 22.5°C b) 

Mean annual precipi-
tation 777 mm with 
two rainy seasons 
(Mar-Apr, Nov-Dec) 

(station: Makueni, 28 
years) d), mean tem-
perature 22.1°C e) 

Mean annual precipi-
tation 918 mm with 
two rainy seasons 
(Mar-Apr, Jun-Sep) 
(station: Mojo, 18 
years) f), mean tem-
perature 18-21°C g) 

Mean annual precipi-
tation 581 mm with 
one rainy season 
(Jun-Sep) (station: 
Wukro, period not 
given), mean tem-
perature 17-20°C h) 

Soils  Moderate to low soil 
fertility a) 

Shallow soil, low soil 
fertility d) 

Vertisols, Rendzina, 
Cambisols g) 

Sandy Vertisols 

Agro-ecological 
zone 

Sunflower-maize to 
livestock-sorghum 
zone with a (weak) 
medium cropping 
season and interme-
diate rains a) 

Marginal cotton zone 
with two short to 
very short cropping 
seasons d) 

Rainfed teff-wheat-
barley production  
zone g) 

Hot to warm sub-
moist lowlands and 
plateau remnants 
with seed farming 
systems and pastoral 
activities i) 

Population den-
sity 

110 inhabitants/ km² 
(Location level) c) 

110 inhabitants/ km² 
(Location level) c) 

143 inhabitants/ km² 
(Woreda level) g) 

123 inhabitants/ km² 
(Woreda level) h) 

Sources: a)Jaetzold & Schmidt (1983b); b)Republic of Kenya (2002b); c)Republic of Kenya (2001b); d)Jaetzold & 
Schmidt (1983a); e)Republic of Kenya (2002a); f)Pülschen (1990); g)Government of Ethiopia (2006a); h)GFA 
(2002); i)Regional Government of Tigray (1996); h) Government of Ethiopia (2006b); Field research (2007) 
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Whilst the case study sites are largely comparable in terms of basic bio-physical characteris-
tics, the level of socio-economic development, the ethnic composition and culture of the areas 
distinctively differ (Table 6). 

Located along a tarmac road at the north-western margin of Kenya, the study villages around 
Mongorion are characterized by a comparatively low degree of agricultural technology and 
market integration. The socio-economic indicators illustrate that households living in 
Mongorion show a larger size, a lower level of education of their household heads, a higher 
percentage of immigrated households, a lower gross farm income, and a lower contribution of 
off-farm sources to farm income compared to the other Kenyan study site. Measured against 
the low level of farm income, the comparatively large average farm size suggests the preva-
lence of extensive land management practices and a low level of farm productivity. Custom-
ary land ownership predominates in the area. Probable explanations for the low socio-
economic development of the region include the traditional pastoralist culture of the Pokot 
tribe87 and a prevalence of values of warriorhood88. In addition, the Pokot have not attained 
the same political influence at the national level as other Kenyan tribes. In a society that still 
shows elements of tribalism and political clientelism this fact may also result in a certain de-
gree of marginalization. 

Wote is the socio-economically most advanced area among the four study sites. The study 
villages are also located along a tarmac road that, however, provides easy access to major 
urban centers of the country. The demand for agricultural and horticultural products in these 
towns provides a strong incentive for farmers to intensify and to commercialize their farm 
production. Among the four case studies, the households in Wote are characterized by the 
most educated household heads, the smallest household size, the highest average level of 
gross farm income, and the highest contribution of off-farm sources, in particular trade, to 
farm income. Legal land titles exist for almost two thirds of the farm land investigated. The 
socio-economic development of the area can be credited to the central location of the study 
site, traditions of agriculture and land development among the Akamba (Tiffen et al. 1994), 
and some degree of political influence of this tribe (Fedders & Salvadori 1994:115). 
Table 6: Socio-economic and cultural characteristics of the population in the study areas 

Mongorion Wote Bola Buta Abraha Atsbaha  

Mean N σ Mean N σ Mean N σ Mean N σ 

Household size 
(persons) 

6.1 203 2.49 5.1 230 1.98 5.8 229 2.64 5.4 179 2.22 

Age household 
head (years) 

41.7 203 14.06 50.0 230 14.81 47.0 229 14.84 49.3 179 14.65

Household head 
schooling (yrs.) 

3.8 200 3.48 4.4 230 3.68 2.3 227 3.64 1.2 179 2.76 

Female headed 
households (%) 

12.8 203 - 20.0 230 - 11.4 229 - 20.7 179 - 

  Table continued 

                                                 
87 As Östberg (1988:83) highlights, the traditional access of the Pokot to different ecological zones made low 
investment in land development a reasonable survival strategy: “When the resources of one area were finished 
there was very likely another place to move to which had not been hit by drought or livestock disease. When 
they later returned to the first area, it had recovered. Flexibility and movement was a better adaptation than in-
vestment in conservation and permanent cultivation”. 
88 cf. Bollig (1990) 
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Immigrated+ 
households (%) 

9.9 203 - 6.5 230 - 1.7 229 - 9.5 179 - 

Farm size (ha) 3.7 203 4.95 2.9 230 3.36 3.34 229 1.99 1.4 179 0.70 

Land tenure# (% 
of farm land) 

Customary (66 %);  
legal titles (31 %) 

Legal titles (65 %);
customary (35 %) 

Customary (100 %) Customary (100 %) 

Gross farm in-
come (EUR/a) 

653 203 568 1600 230 3325 1034 229 638 894 179 521 

Off-farm inc. 
(EUR/a; % GFI) 

320 
49 % 

203 439 1093
68 % 

230 2812 152
15 % 

229 178 156 
18 % 

179 126 

Ethnic group (% 
of households) 

Pokot (98.5 %) Akamba (99.1 %) Oromo (73.4%); 
Amhara (26.6 %) 

Tigray (100 %) 

Socio-cultural 
development 
and political 
influence 

Strong pastoral tradi-
tion a); sedentary 
farming common in 
the study area since 
10-20 years b); Pokot 
traditionally have 
been, and currently 
still are, politically 
marginalized c) 

Sedentary farmers for 
several generations; 
agriculture and trade 
are traditionally pri-
mary economic ac-
tivities; dominant 
role in contemporary 
Kenya a)  

Sedentary farmers for 
several generations d); 
both ethnic groups 
are politically less 
influential in Ethio-
pia, and concealed 
mistrust in govern-
mental policies is 
common 

Sedentary farming 
common since 10-20 
years e); Tigray cur-
rently represent the 
politically most in-
fluential ethnic group 
in Ethiopia and gov-
ernmental policies 
are loyally supported 

+Households that have been settling in the area for less than 10 years. #Difference to 100 %: No information/ no 
land title. Sources: a)Yadeta (1985); b)Yarakore, personal communication; c)Mburu (1999); d)Yami, personal 
communication; e)Gidey, personal communication; Field research (2007) 

Bola Buta is the socio-economically more advanced Ethiopian study site. Located a couple of 
kilometers off a main tarmac road that connects two major economic centers of the country, 
agricultural cash-cropping89 has developed in the area. However, poor road access to the study 
villages is the reason why opportunities for off-farm employment are poorly developed yet. 
Being located in a region that has not been much affected by the civil war and violent con-
flicts in the recent history, the composition of the population at this study site has been rela-
tively stable and not much influenced by immigration. A medium level of average farm in-
come and comparatively large average land holdings illustrate the low level of farm produc-
tivity and technology use. Customary land tenure predominates. The lack of secure land titles 
is cited as one major cause of unsustainable land exploitation, and acts as a disincentive to 
investments in land improvement (EEPRI 2002:20). A widely perceived lack of political in-
fluence among the Oromo and Amhara people results in concealed mistrust in governmental 
policies and a low level of loyalty to the federal government (cf. Young 1996). 

As most parts of Tigray, the Abraha Atsbaha study site has directly been affected by the mili-
tary battles during the civil war. The high percentage of immigrants and the high proportion 
of female-headed households still reflect the social disruptions caused during that time. After 
its end in 1991, the area has been selected as a regional model Peasant Association, and the 
socio-economic development of the area has been strongly supported by the regional govern-
ment. A gravel road connects the village to the Woreda capital, a village nursery and a Farmer 
Training Center have been established, and parts of the Peasant Association have even been 
connected to the electricity grid. Despite the lack of secure land titles, investments in land 

                                                 
89 Rhamnus prinoides L'Hérit., a shrub locally known as Gesho, is traditionally being cultivated for sale in the 
area. It is mainly used for the production of Tella, the local beer. 
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rehabilitation are made.90 The comparatively small land holdings are intensively managed. 
Despite the fact that the area possesses the least favorable conditions of all four study sites in 
terms of annual precipitation, and for a long time has been characterized by temporary or 
chronic food shortages, semi-commercial horticulture activities are developing thanks to the 
recent spread of small-scale irrigation and water harvesting practices. The legitimate pride of 
the socio-economic achievements in their area, paired with the delight of political influence 
after years of marginalization result in the loyal support of the governmental policies by most 
Tigrinya farmers. 

 

4.3 Extension activities 
The study villages are situated within the intervention areas of each one internationally sup-
ported development project that aim to promote sustainable agroforestry practices among 
farmers through dissimilar extension approaches. The four projects represent the major pro-
viders of extension services in the villages despite the fact that a number of smaller non-
governmental institutions, partly supported by foreign donors, implement minor activities in 
the study areas. 

Mongorion 
The Swedish NGO ‘VI Planterar Träd’ operates the VI Agroforestry Project at Kitale as one 
of several environmental rehabilitation projects in East Africa. The project has been working 
in the West Pokot District since 1983, and commenced its activities at the study site in 1996. 
The project work is funded by private donations raised in Sweden, and by the Swedish and 
Norwegian governments through their national agencies for development cooperation, SIDA 
and NORAD. The annual project budget totals approximately 580 thousand EUR (Johansson, 
personal communication). 

Small-scale subsistence farmers constitute the major target group of the project. The immedi-
ate project objectives are to improve the peasants’ nutritional security, increase the availabil-
ity of firewood and develop additional sources of family income (VIAFP 2002:2). Initially the 
project focus had been placed on tree nursery and tree plantation establishment in order to halt 
land degradation and desertification. Due to unsatisfactory project results, it has been ex-
tended towards a more integrative approach in 1996 that, inter alia, also includes the promo-
tion of agroforestry techniques, physical soil conservation structures, controlled grazing, and 
income generating activities (Johansson, personal communication). Most of the innovations 
promoted by the project require a low level of technology input by farmers. 

At the time of the field research, a total of 130 extension agents have been employed by the 
project.91 One extension worker is based at the project area in Mongorion. He is supposed to 
work with approximately 250 households within a period of three to five years. The commu-
nity is assumed to sustain the activities on its own after this time. The extension officer then 
will be moved to a new area, only providing necessary follow-ups in the old area (VIAFP 
2002:4). The extension worker has been equipped with a project bicycle. 

                                                 
90 Mainly through farmer mobilization for communal works and partly supported by international donors (see 
Chapter 4.3). 
91 In an attempt to increase the effectiveness of the project work, both the average level of education and the 
technical equipment of the extension staff have been considerably increased by drastically reducing the number 
of field staff to 36 with effect from January 2005 (Johansson, personal communication). 
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Farmer groups constitute the major target of the project extension activities (SCC 2003:9). 
The group extension approach is deemed most appropriate to the Pokot culture (Östberg 
1988:100). Nevertheless, the extension workers also address particularly open-minded and 
advanced farmers individually. The groups are supposed to create awareness and a positive 
attitude towards the project innovations, to administer demonstrations and practical member 
trainings, and to foster the implementation of the project activities by the individual group 
members. According to the project principles, the project extension workers shall actively 
form these groups from 10 to 20 neighboring households who share a common interest and 
have similar resources at their disposal (VIAFP 2002:5). However, pure project-initiated ex-
tension groups have not been observed at the study site. Rather, the extension agent worked 
with farmer-initiated self-help groups. 

The extension work of the VI Agroforestry Project embraces technical advice delivered 
through its own extension staff, supply of tree seeds to farmers, agroforestry training courses 
organized at the project training center in Kitale, and demonstration plots established at 
church and school compounds (VIAFP 2004). Governmental extension services in the study 
area are poor (Östberg 1988:83) and impaired by a lack of resources (Ngoroge, personal 
communication). In addition to the VI Agroforestry project, other organizations provide ex-
tension advice to farmers in the study area, among them a small Kenyan NGO that operates an 
agricultural research and demonstration plot at Mongorion, the catholic diocese and the Lu-
theran-protestant church, and the international NGOs Oxfam and World Vision (Yarakore, 
personal communication). All of these organizations, however, mainly target the fields of ag-
riculture, health care and home economics, and do not address agroforestry and tree planting 
technologies. 

Wote 
The Belgian Technical Cooperation (BTC) and the Forest Department of Kenya jointly oper-
ate the Integrated Natural Resource Management in Ukambani Project (INRMU). The project 
intervention area extends to four districts of the Eastern Province. The pilot phase of INRMU 
had been started in 1997, and the main phase commenced in 2002.92 The annual project 
budget of approximately 1.3 Mill EUR is jointly contributed by the Governments of Belgium 
and Kenya (Macharia, personal communication). 

Through sustainable management and use of natural resources the project aims to increase 
food security and the income of the farmers living in the project area (INRMU 2005:2, van 
den Abeele & Macharia 2001:21). INRMU addresses two major fields: (a) the community-
based reforestation of degraded hillside forests and the introduction of participatory manage-
ment practices in the rehabilitated areas; and (b) the development and application of advanced 
technologies for intensive dry-land farming, efficient water use and soil conservation. 
Through the provision of micro-credits, loans and subsidies the project encourages farmers to 
adopt the project innovations and to commercialize their activities in both fields (INRMU 
2005). Farmer-owned business companies, such as a sawmill, a honey processing center and a 
horticulture marketing cooperative, have been set up in order to allow farmers to sustain their 
commercial activities after project withdrawal. The extension activities undertaken in the sec-
ond field constitute the focus of the current research. 

36 extension officers of the Forest Department constitute the field-level personnel of the pro-
ject. The area of responsibility of the extension officer in Wote comprises three administrative 
divisions that extend over a distance of 70 km (Kithuka, personal communication). The exten-
                                                 
92 After eight years of work the project phase-out had been scheduled for June 2005, shortly after conclusion of 
the field research (van den Abeele, personal communication). 
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sion officer is assisted by one front-line extensionist who, however, has not undergone a pro-
fessional training. A project motorcycle has been provided to the extension officer. 

Due to their cultural and traditional importance in the study area, self-help groups, mainly of 
women, originally had been identified as the most suitable vehicle for extension (INRMU 
2005:6). 46 groups had been provided with trainings, material and credit for project imple-
mentation in the entire project area during the pilot phase (Ngatiah 2000). However, the group 
extension approach has been dismissed during project expansion as a consequence of conflicts 
that frequently arose over group members’ individual land dedicated to group purposes, and 
due to the fact that the groups often failed to effectively coordinate joint work, to responsibly 
administer the communal funds, and to properly maintain the group-owned infrastructure (van 
den Abeele, personal communication). Consequently, the project extension efforts concentrate 
on a small number of individual farmers who are selected to implement the project activities 
on their private land holdings. 

Specific technical advice provided to the project farmers through regular farm visits by the 
extension officers, highly advanced materials and inputs93, and an attractive cost-sharing ar-
rangement94 form the extension packages that a small number of selected farmers benefit 
from. Furthermore, the project has set up six model farms that serve to demonstrate water 
management, irrigation and intensified farming practices to the neighborhoods. In their capac-
ity as governmental extension staff the project officers also address general village meetings 
and occasionally conduct trainings with farmers who do not directly benefit from the project 
activities. A number of other organizations and development projects are working at the study 
site, too, among them AMREF and WEEC, two national NGOs that focus on topics such as 
health, water provision, and the economical empowerment of women through poultry keeping 
and home garden establishment. Whilst both NGOs address farmer groups through their own 
field-level staff, their limited resources allow working with a small number of households 
only (Stanislan, personal communication). Bilateral development projects supported by 
DANIDA, JICA and GTZ had also been implemented in the area, but already phased out in 
2002. Its strong focus on trees, the introduction of novel farming practices, and the cost-
sharing arrangement distinguish INRMU from the other extension projects in this area (van 
den Abeele & Macharia 2001:27). 

Bola Buta 
Jointly operated by the German Technical Cooperation (GTZ) and the Oromia Bureau of Ag-
riculture and Rural Development, the Sustainable Utilization of Natural Resources for Im-
proved Food Security Project in Oromia (SUN) has been set up in 2005. It is part of a larger 
development program coordinating a total of three similar projects in different regions of 
Ethiopia. The diverse activities of a precursor land use planning and natural resource man-
agement project that had started in Oromia in 1995 have been partly integrated into SUN. The 
project is jointly funded by the German government through GTZ and the Oromia Bureau of 
Agriculture and Rural Development. The annual project budget equals approximately 800 
thousand EUR (Neumann, personal communication). 

                                                 
93 For example, perforated plastic hoses for drip line irrigation, water cisterns made of corrugated iron sheets, 
chemical soil conditioners, and plastic tarpaulin sheets that are used to line water basins or as evaporation barri-
ers. Most of these inputs need to be imported by the project as they are not available at the national markets. 
94 Usually, the farmer bears only one third of the initial investment. A non-repayable subsidy of one third of the 
investment that is provided by the INRMU, and an interest free loan that is due after one to three years cover the 
remaining amount (Macharia, personal communication). 
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In order to improve their nutritional situation, the project aims to enable the rural population 
in the project area to sustainably utilize the production potentials offered by the natural re-
sources. Besides promoting and scaling up of agro-technical innovations such as fruit grow-
ing, soil conservation and controlled grazing, the project also works in the fields of participa-
tory planning at community level, capacity building of governmental district personnel, and 
policy reform at regional and federal levels (Neumann, personal communication). The activi-
ties undertaken in the field of technology dissemination constitute the focus of the current 
research. Most of the innovations promoted by the project are characterized by a low to me-
dium level of technology input. 

Three technical experts employed by SUN closely cooperate with the Rural Development 
Offices at the ten project Woredas through which the project activities are being implemented. 
In the Lume Woreda, the administration employs a total of 89 governmental extension offi-
cers who cover all aspects of rural development including agriculture, livestock, natural re-
source management, irrigation, home economics and others (Bugale, personal communica-
tion). At the study site, one extension agent has been placed.95 He is expected to work with 
the more than 500 households living at the Bola Buta Kebele. The extension officer is not 
provided a bicycle or any other adequate means of transportation. This fact severely limits his 
ability to work with the farmers. 

Past project initiated attempts to implement land rehabilitation activities through communal 
arrangements and groups have failed (Rufi, personal communication). In contrast, rehabilita-
tion areas transferred to the responsibility of individual farmers are well kept. During the field 
work, farmers repeatedly expressed their dislike for imposed group activities.96 Consequently, 
most extension activities are now being directed towards progressive individual farmers and 
not towards groups (Bugale, personal communication). Occasionally, the extension agents 
also address the entire community at village meetings (Getachew, personal communication). 

The project-induced extension activities mainly comprise the provision of training and expert 
advice to the target farmers; the distribution of basic farm supplies such as hand tools, tree 
seedlings, or vegetable seeds; and carrying out annual field days that give selected farmers the 
opportunity to visit successful intervention sites in neighboring Woredas. In their official ca-
pacity the development agents are in charge of the promotion of governmental extension 
packages97, involved in the distribution of agricultural seeds and fertilizer by the farmer coop-
eratives, and in official reporting. They also administer the collection of tree seeds by farmers 
that are supplied to the governmental nurseries in the Woreda. There are no other actors pro-
viding extension services in the study area. 

Abraha Atsbaha 
Being a designated model site for community development, the study area is characterized by 
a strong public extension service. It serves as a regional or national-level example thereby 
receiving much attention by politicians, visiting experts and the media. Farmers benefit from 
                                                 
95 The Ethiopian government has recognized the importance of extension work for rural development and started 
to increase the number of development agents to three per Kebele (Gutema, personal communication). At the 
time of field research this process had not yet been completed in the study area. 
96 The previous leader of the Kebele, Ato Minda Yami, put it in clear words: “We don’t like groups!” 
97 Farmers in the study area do not meet the governmentally promoted technology packages with unshared en-
thusiasm. A number of the technologies have not been successful in the past; unfinished and dilapidated water 
storage ponds are one apparent example. Other packages, however, are very popular, for example modern bee-
hives. Yet, the actual demand for beehives cannot be met by the small quantities made available to the Kebele 
(Getachew, personal communication). 
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the well-trained and motivated extension staff and from the privileged access to technical 
packages (Hagos, personal communication).98 The area possesses a Farmer Training Center 
where development agents regularly hold training courses. A governmentally operated village 
nursery is also located at the study site where fruit trees and seedlings for timber production 
are being raised. 

Since 2002, the Ministry of Agriculture and Rural Development of Ethiopia (MoARD) and 
the World Food Program of the United Nations (WFP) have been implementing the Managing 
Environmental Resources to Enable Transitions to More Sustainable Livelihoods Project 
(MERET) in the study area. WFP has started its activities in Ethiopia in 1980 already. In its 
current fifth phase, the project covers 74 arid and semi-arid Woredas of six regions (WFP 
2005). At the level of the Tigray region, the annual project budget amounts to approximately 
2.45 Mill EUR to which the Ethiopian government contributes roughly 15 % (WFP & GoE 
2003). 

The focus of WFP has shifted from mere relief food provision towards the promotion of 
community based participatory watershed development (Carucci, personal communication). 
MERET aims to improve the livelihood and food security opportunities for the most vulner-
able rural households through the sustainable utilization of the natural resource base (WFP & 
GoE 2003:3). Whilst parts of the project activities are directed towards entire sub-watersheds 
and consequently address the village communities in whole, other activities shall predomi-
nantly benefit individual households that are identified by their community as being most vul-
nerable and needy. The innovations promoted in the area require a medium level of technol-
ogy input by farmers. 

At the Woreda level, MERET is implemented by employees of the Natural Resource Depart-
ment of the Bureau of Agriculture. The respective staff comprises 26 experts and develop-
ment agents in the Wukro Woreda (Abay, personal communication). Two governmental de-
velopment agents are constantly working with the approximately 1000 households residing in 
the study area. Woreda specialists and, less often, development agents have access to motor-
cycles supplied by WFP. 

Whilst the relief activities generally target individual households, the project acknowledges 
the potential of farmer groups for environmental management and socio-economic develop-
ment (Carucci 2001). Most of the watershed development activities of MERET are planned, 
implemented and managed by farmer groups. Establishing and strengthening of groups is an 
explicit component of the project work (WFP & GoE 2003:14). However, governmentally 
administered farmer groups have been found to be the predominant group type in the study 
area. Furthermore, WFP supports farmer mobilization for communal works such as gully re-
habilitation and the construction of stone bunds on village lands.99 Governmental extension 
packages are mainly disseminated to individual households. 

Through its resources, the project strengthens the public extension services provided by the 
local administration. Apart from the food rations, MERET also provides trainings for exten-
sion agents and farmers. In addition to WFP, GTZ and World Vision are working in Abraha 
                                                 
98 New technology packages are tested in the area and provided free of charge to farmers, e.g. basic drip irriga-
tion facilities. Other technical inputs that are not easily available to farmers in other areas are relatively wide-
spread in Abraha Atsbaha, such as modern beehives, treadle pumps etc. 
99 These ventures are usually known as food-for-work activities. Daily food rations of three kilograms of wheat 
are provided to the participating households as an incentive and compensation for opportunity costs of labor 
(WFP & GoE 2003:5). The rations are, however, coupled to precisely stated work norms and technical standards 
(Desta et al. 2005). 
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Atsbaha. Whilst World Vision has assisted four households to install biogas cooking facilities, 
GTZ cooperates with the local administration to mainly promote soil conservation measures 
involving fruit trees, gully reclamation, and improved seed varieties (Gidey, personal com-
munication). The actual study village, however, lies outside of the GTZ intervention area. 

 

The previous section has shown that the type and focus of extension work differs considerably 
across the four case studies. Table 7 presents an attempt to quantify the intensity of the exten-
sion services at village level. 

Table 7: Average intensity of the extension services provided in the study areas 
Mongorion Wote Bola Buta Abraha Atsbaha  

Mean N σ Mean N σ Mean N σ Mean N σ 

Sources of ext.-
advice (number 
per household)* 

4.6 203 3.61 4.5 230 4.00 4.5 229 2.06 5.4 179 3.06 

Average quality 
of the extension 
advice+ 

1.58 194 0.44 1.73 151 0.44 2.23 214 0.75 1.55 169 0.48 

Targeted exten-
sion advice (%)# 

64.2 49.2 41.9 32.5 

*For example authorities, NGOs, mass media, other farmers, enterprises etc. +Ranging from 1 (excellent) to 4 
(poor). #Percentage of farm visits, demonstrations, and study tours in total extension advice. Source: Field re-
search (2007) 

The outstanding strength and intensity of the extension services provided at Abraha Atsbaha 
are illustrated by the high number of sources of extension advice and the highly favorable 
rating of their quality by the respondents. The comparatively low proportion of targeted ad-
vice of 32.5 % results from the extraordinary importance of village meetings in this area100 
that reflects the exemplary community-based development strategy implemented in this vil-
lage. The low levels of standard deviation also confirm that the village community is being 
homogeneously addressed. Mongorion is the study area with the second most intensive exten-
sion service. Farmers obtain extension advice from a considerably smaller number of sources, 
but rate their quality as favorable as villagers in Abraha Atsbaha. In addition, nearly two 
thirds of the extension advice is provided by means of targeted extension, i.e. individual farm 
visits, demonstrations, or study tours. The high standard deviation of the number of extension 
sources in Wote clearly reflects the individual extension approach pursued by INMRU, which 
results in few farmers having better access to advice than others. The least intensive extension 
service has been found in Bola Buta, where the low standard deviation of the number of ex-
tension sources suggests that almost all farmers are deprived of extension services in a similar 
way. Based on these findings, and taking into account the qualitative descriptions of the ex-
tension activities provided above, the extension intervention can be categorized as very strong 
in Abraha Atsbaha, strong in Mongorion, of moderate strength in Wote, and weak in Bola 
Buta. 

Table 8 briefly summarizes major characteristics of the predominant extension activities being 
implemented in the study areas. 

                                                 
100 Almost 60% of the extension information is communicated to the entire village community through village 
meetings. 
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Table 8: Description of the extension activities undertaken in the study areas 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Development 
project area 

VI Agroforestry Pro-
ject Kitale 

Integrated Natural 
Resource Manage-
ment in Ukambani 
Project (INMRU) 

Sustainable Utiliza-
tion of Natural Re-
sources for Improved 
Food Security in 
Oromia Project 
(SUN) 

Managing Environ-
mental Resources to 
Enable Transitions to 
More Sustainable 
Livelihoods Project 
(MERET) 

Donor organiza-
tion 

Vi Planterar Träd 
foundation (Swedish 
NGO) 

Belgian Technical 
Cooperation (govern-
mental development 
agency) 

German Technical 
Cooperation (govern-
mental development 
agency) 

World Food Program 
(UN agency) 

Implementer of 
the extension 
activities 

Project extension 
workers 

Extension workers of 
the District Agricul-
ture and Forest Ad-
ministrations 

Development agents 
of the Woreda Rural 
Development Ad-
ministration, sup-
ported by project 
experts 

Development agents 
of the powerful pub-
lic extension service 
in the designated 
model site for com-
munity development 

Technological 
complexity of 
innovations 
promoted 

Low (e.g. controlled 
grazing, tree seeding, 
intercropping with 
leguminous trees) 

Very high (e.g. ad-
vanced drip line ir-
rigation; metal water 
cisterns) 

Low to medium (e.g. 
fruit tree orchards; 
farm woodlots; mod-
ern bee hives) 

Medium (e.g. modern 
bee hives, treadle 
pumps, basic drip 
irrigation) 

Role of farmer 
groups in exten-
sion work 

Groups explicitly 
addressed by the 
extension services 

Groups not targeted 
by the extension ser-
vices 

Groups not targeted 
by the extension ser-
vices 

Groups explicitly 
addressed by the 
extension services 

Extension con-
tents and target 
groups 

Technical advice and 
minor handouts (e.g. 
seeds) provided to a 
large number of 
farmers (farmers 
groups as well as 
individual farmers) 

Technical advice, 
highly advanced 
technical inputs and 
loans and subsidies 
provided to a small 
number of individual 
farmers 

Technical advice, 
technical inputs and 
credit provided to 
individual farmers 

Technical advice, 
progressive technical 
inputs and credit 
provided to individ-
ual farmers and 
strictly organized 
farmer groups 

Strength of the 
extension inter-
vention 

Strong Moderate Weak Very strong 

Source: Field research (2007) 

 

4.4 Types of farmer groups 
Mutual assistance and cooperation have been essential for generations of African farmers to 
subsist in harsh environments, to cope with the unforeseen strokes of fate, and to shoulder the 
daily burden of agricultural life. Although influenced by dissimilar approaches to group gov-
ernance, contemporary forms of farmer cooperation in both countries rest in the communal 
spirit of the traditional African societies. Wilson (1992:2) attributes the roots of mutual assis-
tance in Africa particularly to the tradition of communal ownership, especially of land, and 
decision-making. The reconnaissance surveys revealed that a number of development-
oriented farmer groups are active in the study areas. These particularly comprise resource 
raising groups (Harambee self-help groups), resource administration groups (water project 
groups), governmentally administered labor-sharing groups (development teams) and infor-
mal labor-sharing groups (Dabo and Gelgele groups). These group types shall be briefly de-
scribed in the following. 
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Harambee self-help groups 
Harambee self-help groups constitute the majority of farmer groups at the two Kenyan study 
sites. These groups are usually differentiated by gender, age and often by kinship and 
neighborhood (Mbithi & Rasmusson 1977:13-14). Women groups represent the most frequent 
type of self-help groups (Barkan & Holmquist 1986:1), but men and joint gender groups can 
also be observed in Wote; and youth groups exist in Mongorion. 

The Harambee concept denotes local initiatives of mutual assistance that are based on the 
principles of joint effort, mutual social responsibility, and community self-reliance (Mbithi & 
Rasmusson 1977:13). Harambee initiatives usually embrace voluntary contributions of 
money, labor and/or materials.101 Whilst the construction of public infrastructure at commu-
nity or district level, e.g. schools, cattle dips, and irrigation facilities had occasionally been 
undertaken through Harambee, such large-scale projects have increasingly become uncom-
mon.102 Mostly, the set of contributors and beneficiaries of Harambee is restricted to the 
group members (Barkan & Holmquist 1986:1, Ngethe 1981:98). Ngethe (1981:98-99) de-
scribes typical Harambee groups as follows:  

“[These] small groups [consist] of about 30 or so members, [each] contributing about 5 KSh 
to begin with. This is usually raised to between 2 and 5 KSh a week depending on the ability of 
members to contribute. [...] Whatever members can save they pool together. After a month, all 
the money is handed over to a member. She can do what she wants with it. […] They do this for 
the first two years or so then they start saving to buy a plot of land on which they can construct 
a shop […]. Nearly all groups mentioned acquisition of land as the long range objective, but 
the immediate objective is to cater for very immediate needs.” 

Most Harambee self-help groups address farm issues (Ngethe 1979: 82). This also holds for 
the study areas, where these groups pursue small-scale agriculture and farm development pro-
jects, such as improving the individual members’ poultry, goat, or dairy farming, establishing 
agroforestry gardens, tree nurseries and zero-grazing facilities, or upgrading bee keeping ac-
tivities. This fact makes these groups particularly predestined to study the diffusion of farm 
technologies among group members. Some groups additionally aim to initiate off-farm activi-
ties among their members by providing the initial investment for tailoring, gourd or brick 
making, or small livestock trade. Few groups have also purchased a plot of land in town and 
operate a guesthouse, or erected a kiosk where group members sell their excess farm produce. 

Admission of new members usually requires the approval of the group. Households can par-
ticipate in several Harambee groups at the same time. Multiple group membership has par-

                                                 
101 Or, as Nyongo (1981:108) puts it: "Harambee is a cry for co-operation. It is a work-song that is used to draw 
individuals together when they are lifting a log, putting a roof on a granary or pushing a car out of mud. 
Harambee, therefore, means the pooling together of resources and energy. It recognizes that the individual, left 
to himself, cannot do much. [...] Harambee, further, confirms two things about human life: one, that men pro-
duce and reproduce their lives, i.e. survive, only in groups [...]. Two, that individuals within these groups, seen 
merely as individuals needing survival, are basically equal." 
102 Harambee for community-level infrastructure provision have their roots in the Kikuyu Independent School 
Movement, a self-help and protest movement that originated during colonial times when farmers contributed 
their money to construct schools and other social infrastructure that the state was not able to provide (Nyongo 
1981:109). After independence, this tradition had been incorporated in the national development efforts, with 
Harambee contributions temporarily accounting for as much as 11.4% of the overall national development ex-
penditure (Mbithi & Rasmusson 1977:14). The movement achieved impressive infrastructure improvements 
particularly in the 1960’s and early 1970’s (Nyongo 1981:112), but its increasing orientation toward large and 
costly social facilities that went along with extensive governmental control, political clientelism, corruption and 
project domination by local and national elites, dramatically impaired the self-help spirit of the projects and 
finally led to their decline (ibid.:113-114, Wilson 1992). 
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ticularly been observed in Wote.103 Usually, the members of the Harambee group gather on a 
weekly basis. Official registration of the groups at the Social Services Authority is not obliga-
tory but it entitles the groups to apply for public co-finance of their projects by the District 
Development Grants or foreign donor funds (Davis & Negash 2007:4; Korir, personal com-
munication). In fact, some authors consider attraction of external assistance as the true moti-
vation of Kenyan farmers to form groups (e.g. Parkins 1997:130). Officially registered groups 
are required to enact group bylaws (see Box 1), elect an executive committee including the 
chairperson, secretary and treasurer, to regularly communicate the group minutes and member 
list to the authorities, and to pay annual registration fees (Kalemunyang, personal communica-
tion). Whilst the majority of Harambee self-help groups in the study areas submit to the su-
pervision by the Social Services Authority, a few informal Harambee groups also exist. 

Box 1: Typical bylaws of a Harambee self-help group, Wote 

Name of the group: Twone Mbee self-help group 
Number of group members: 16 male, 0 female 
Officials of the group: Chairman – Josphate N.; Secretary – Paul M.; Treasurer – Musyimi M. 
Activities of the group: Goat keeping, bee keeping, horticulture 
Objectives: to reduce poverty among our members and to develop our community 
 
We, the undersigned, belong to the above mentioned self-help group, and have agreed on the following 
by-laws, which govern our group: 

1.  The name of the group is Twone Mbee. 
2.  The term of office bearing is two years, and then we call for a new election. 
3.  Election is by secret ballot. 
4.  Financial reports are due after every six months. 
5.  A registration fee of 50 KSh is raised per member 
6.  If a member leaves the group on his own will, nothing will be refunded. 
7.  Notorious by-law breakers will be expelled from the group without any refund. 
8.  A member who withholds group properties and refuses to refund will be taken to the Court of Laws. 
9.  The monthly contributions to the group are 20 KSh. 
10. A member who absents himself without a re-port is due to a fine of 10 KSh for every single meeting. 
11. In case of a committee member absents him-self for three consecutive meetings he will be expelled 

from the committee and a by-election will be called upon. 
12. A member who will lack discipline will be fined 100 KSh. 
 
17 July 2004 

Source: Makueni District Social Services Authority (2006) 

 

Water project groups 
Water project groups constitute the second-most common type of farmer groups at the Wote 
study site. Most of the groups have been established in the 1990’s when the management of 
the water supply facilities had been handed over from the district authorities to the communi-
ties. Water project groups are concerned with the provision of water services to the village 
community for domestic and agricultural uses. Their members typically operate and maintain 
the pumps and reservoirs, extend and repair the pipelines and water channels, and operate the 
water taps where the water is being sold. Whilst the groups usually supply water to all house-
holds of the community, group members are entitled to reduced water charges and in turn 
expected to contribute labor and money to the group activities (Raphael, personal communica-

                                                 
103 More than 50 % of the interviewees participated in two or more development-oriented farmer groups in Wote, 
with the average number of group memberships amounting to 1.7 (values reach 1.0 and less for the other three 
study sites). 
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tion). Besides taking care of the technical and managerial aspects of water provision, the 
groups also act as platforms to spread water-saving farm technologies among the peasants 
given the key importance of water for any agricultural activity in the semi-arid environments 
of the study areas. Therefore, water project groups constitute a worthwhile research object in 
the context of the current investigation, too. 

Water project groups are officially registered at and closely supervised by the public authori-
ties, including the Ministry of Water (Raphael, personal communication). The group bylaws 
stipulate the role of the executive committee, the frequency of group meetings and committee 
elections. Whilst the committee members usually gather on a monthly basis to set the water 
price, resolve conflicts that arise around water use and to impose punishment on offenders, 
full member assemblies gather every two to four months on average. 

Development teams 
Development teams represent the lowest sub-level of the politico-administrative structure in 
Ethiopia, whereby farmers of a village community are organized into groups of 10 to 30 peas-
ants each according to the geographical proximity of their homesteads. The groups serve the 
purpose of social integration, economic development of and political control over the peasant 
households by establishing a formalized system of mutual labor exchange among group 
members, and by providing the organizational frame for communal works and political cam-
paigns (Rufi, personal communication). Governmental extension agents are supposed to 
closely collaborate with the development teams to promote innovative farm technologies. 
This fact provides the reason to include these groups in the current research. 

Group structure and leadership of the development teams are governmentally imposed, i.e. the 
households are assigned to the particular groups and the group leaders are appointed by the 
village authority. Each household can be member of only one development team. Group 
membership is quasi-compulsory. Nevertheless, those households that chose not to join the 
development teams for different reasons have not faced punishment in the study villages. 

At Abraha Atsbaha, the development teams are the most important type of farmer groups in-
volving almost all households. Community work and food-for-work activities constitute the 
main activities of most groups during the agricultural off-season. During this period groups 
gather several times per week to, for example, build soil conservation structures and water 
storage facilities on village grounds. Member participation and work performance are closely 
supervised, evaluated and recorded by the executive committee and the development agent; 
and the work performance of all development teams is evaluated at village level. During agri-
cultural peak seasons, group members are supposed to collaborate in plowing, weeding and 
other farm activities. Although only a fraction of groups has already been working in such a 
manner, a strong communal spirit has evolved among the team members despite the fact that 
the groups had been reshuffled only recently. 

Although also formally existent, development teams are virtually unimportant in Bola Buta. 
Most farmers reject to participate in the activities of the teams, or participate only pro forma, 
as they are afraid of the organization being too rigid as compared to their traditional forms of 
labor exchange, and of governmental interference in their individual farm matters (Getachew, 
personal communication). 

Dabo and Gelgele labor-sharing groups 
Dabo and Gelgele are the traditional forms of voluntary self-help association in Ethiopia. Due 
to the rejection of the development teams by the majority of villagers in Bola Buta, these 
types represent the most important farmer groups at this study location. Dabo and Gelgele are 
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organized to compensate for temporary labor shortage of a household and usually address 
farm activities such as plowing, weeding, and harvesting, but also threshing and grinding 
crops, thatching houses etc. (EEPRI 2005:273).104 

Dabo and Gelgele groups are informal groups that are not confined to a fixed set of members. 
Rather, villagers are invited to participate on a case-by-case basis depending on the work to 
be performed. Whilst Dabo is called by a single household and reciprocated at a later time, 
Gelgele denotes the arrangement of a group of households to jointly carry out the same task at 
all participants’ farms consecutively (Krishnan & Sciubba 2003:7).105 A typical Dabo can 
summon from 3-4 to as many as over 50 farmers, and a typical Gelgele usually assembles 3 to 
10 farmers (Tefera, personal communication). A household organizing Dabo is expected to 
provide food and drinks to the participants, whereas Gelgele is usually held among farmers 
who cannot afford to entertain the partakers. It is common for a household to participate in 
several Dabo or Gelgele with varying composition. Dabo and Gelgele strata, however, hardly 
intermix (Tefera, personal communication). Given the potential of Dabo and Gelgele to as-
semble a large number of villagers who are normally not closely related to each other, both 
groups contribute to the spread of information and technologies among the community.106 It 
is, therefore, deemed reasonable to study both labor-sharing arrangements in the current re-
search. 

Due to their informal character, Dabo and Gelgele groups do not possess a formalized group 
leadership nor explicitly laid down bylaws. Most Dabo and Gelgele are held during the agri-
cultural peak seasons, but the activities do not follow a prescribed time schedule. 

 

Table 9 presents an overview on the farmer groups investigated at the four study sites. 

Table 9: Characteristics of farmer groups in the study areas 
 Mongorion Wote Bola Buta A. Atsbaha 

Type of farmer groups Harambee Harambee Water  
project 

Dabo/  
Gelgele 

Develop-
ment team 

Number of groups# 10 (25) 14 (45) 4 (6) 2 (2) 12 (12) 

86.5 Household involvement in groups  
(% of interviewed households)+ 

59.6 

57.6 30.6 

100.0 81.0 

33.7 Extension contact in groups  
(% of group members)+ 

75.8 

25.6 35.2 

0.0 100.0 

Group organization Formal, 
pluralistic 

Formal,  
pluralistic 

Informal Formal,  
top-down 

  Table continued 

                                                 
104 According to Aspen (1993:59), Dabo "is often a festive occasion, and an opportunity to demonstrate strength, 
loyalty, and willingness to work. […] Good farmers are highly estimated, and especially young men take the 
opportunity of any occasion." 
105 Krishnan & Sciubba (2006:8-10) highlight the distinct network structure that results from these dissimilar 
labor sharing arrangements: whilst Gelgele networks are dense, heavily clustered, and of symmetric structure, 
Dabo networks tend to be sparser, unclustered and asymmetric. 
106 Uesugi (16.09.2005) documents such examples. Aredo & Adal (2000:10) also highlight the role of these tra-
ditional institutions as development intermediaries. 
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Group character Farmer-
initiated, 
project-

supported 
extension 

groups 

Farmer- 
initiated  
self-help  
groups 

Farmer-
initiated 
labor-

sharing 
groups 

Governmen-
tally admin-
istered ex-

tension 
groups 

#Groups with no less than 5 members (total number in parentheses); +Whole community-level figures for Wote 
include multiple group memberships. Source: Field research (2007) 

The number of local development-oriented farmer groups in the study areas ranges from 2 to 
45. The highest number of groups has been found in Wote, where the long tradition of donor 
activity in the area made farmers realize that forming farmer groups attracts donor funding 
(Tiffen et al. 1994:140). However, since many groups have been dormant or consisted of less 
than five members at the time of field research, only 18 groups have been included in the in-
vestigation in Wote. In Bola Buta, all households participating in labor-sharing activities have 
been subsumed in one Dabo and one Gelgele group, respectively. 

At all study sites, the majority of households have joined at least one of the farmer groups. 
Whilst the lowest degree of group membership has been observed in Mongorion, literally all 
households participate in the labor sharing groups in Bola Buta. Whilst all group members in 
Abraha Atsbaha, and three quarters of the group members in Mongorion had been actively 
approached by extension agents in their groups, only one third of the group members obtained 
extension advice in their groups in Wote. Groups had not at all been addressed by extension 
agents in Bola Buta. In short, the Harambee groups of Mongorion, and the development teams 
in Abraha Atsbaha represent extension groups that are either farmer-initiated and project sup-
ported, or governmentally induced and administered. The Harambee and water project groups 
in Wote, and the labor-sharing groups in Bola Buta, in contrast, shall serve to exemplify the 
diffusion of agroforestry innovations in farmer-initiated groups that are not being addressed 
by extension services.  
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5 The contribution of group social networks to innovation adoption 
The multiple-pathway model proposed in Chapter 2.6 postulates that innovations spread 
within a community through networks of farmer groups and non-group networks. The purpose 
of the current chapter is to evaluate the contribution of the group networks to innovation dif-
fusion vis-à-vis the non-group networks by testing hypothesis 1. The evaluation shall be based 
upon a two-level comparison of innovation diffusion (a) among members and non-members 
of farmer groups, and (b) in farmer group and non-group networks, respectively. 

The set of members of each farmer group and of the information and exchange networks has 
been delineated based on the data collected during the household interviews. Table 10 shows 
the network size and basic relational characteristics of the three network types. 

Table 10: Size and basic relational characteristics of information, exchange and group networks 
Mongorion Wote Bola Buta Abraha Atsbaha  

Info Exchg Group Info Exchg Group Info Exchg Group Info Exchg Group

Network size             
μ 9.2 8.6 12.4 10.2 8.8 17.7 8.6 5.6 117.9 6.4 6.3 12.6
N 203 203 111 230 230 297 229 229 215 179 179 150
σ 4.85 3.67 3.74 4.12 3.57 8.38 3.96 6.56 31.91 2.30 2.46 1.36

Social extent+             
kin 44.4 46.8 33.7 24.5 30.2 12.7 37.4 33.7 25.7 55.2 57.7 30.7

friends 14.8 14.5 12.8 9.1 9.1 6.6 10.0 9.2 8.4 3.4 2.5 1.4
neighbors 34.0 32.3 21.7 56.7 53.0 28.6 48.8 34.2 22.8 14.7 10.9 10.4

others 6.8 6.4 31.8 9.7 7.7 52.1 3.8 22.9 43.1 26.6 28.8 57.4
Spatial extent+             

same village 90.0 92.7 71.4 92.8 92.5 89.6 86.2 66.8 82.3 96.7 97.3 99.6
adjacent vill. 10.0 7.3 28.5 7.1 7.4 10.2 11.5 14.7 14.8 2.6 1.5 0.4

beyond 0.0 0.0 0.1 0.1 0.1 0.0 2.3 18.4 2.8 0.7 1.2 0.0
Interaction+             

daily 18.7 21.4 16.5 17.3 17.5 9.3 27.6 20.9 19.0 21.1 28.0 8.9
weekly 39.6 36.4 36.6 35.9 34.0 33.3 40.8 38.6 37.7 27.0 26.6 24.0

monthly 25.1 17.5 31.0 35.1 36.1 45.2 12.7 17.7 15.6 27.8 25.3 31.8
occasionally 16.5 24.6 15.9 11.7 12.4 12.1 18.9 22.7 27.7 24.1 20.1 35.3

+Figures in percent of the total relationships among interviewees. Source: Field research (2007) 

Size, extent, and interaction frequency of the information, exchange and group networks dif-
fer significantly across the four cases; and the network types are significantly distinct from 
each other within each case study site (statistics not shown). Interaction frequency can be 
viewed as a major representation of tie strength. 

On average, information networks range between 6.4 (Abraha Atsbaha) and 10.2 (Wote) net-
work members in size with the highest standard deviation in Mongorion. Possibly due to the 
higher relational intensity involved, exchange networks are generally smaller than the infor-
mation networks, ranging between 5.6 (Bola Buta) and 8.8 (Wote) network members. Group 
networks represent the largest of the investigated network types with an average size ranging 
from 12.4 (Mongorion) to 117.9 members (Bola Buta). However, the large nominal network 
size in Bola Buta results from the methodological approach chosen.107 The actual number of 
participants in labor sharing events in this village was only 10.2 on average. 

                                                 
107 Since there exists no formal membership in Dabo and Gelgele groups, and farmers usually participate in a 
number of different labor sharing events of varying composition, all participants of Dabo and Gelgele, respec-
tively, are potentially connected to each other and thus have been summarized in each one group network. 
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Information and exchange networks mainly consist of the interviewees’ kin and neighbors, 
which represent between 67.9 % (exchange networks in Bola Buta) and 83.2 % (exchange 
networks in Wote) of the total network members. Group networks, in contrast, involve a 
higher percentage of socially distant others (between 31.8 % in Mongorion and 57.4 % in 
Abraha Atsbaha). This trend is consistent for groups initiated by farmers themselves (such as 
in Wote) and groups established through external intervention (such as in Abraha Atsbaha) 
alike. Similarly, information and exchange networks are largely confined to the village of 
residence, with members of the same village representing between 86.2 % and 97.3 % of in-
formation networks in Bola Buta and of exchange networks in Abraha Atsbaha, respectively. 
The only exception is Bola Buta, where 33.2 % of the exchange network members reside out-
side the village.108 Group networks generally involve a higher proportion of spatially distant 
farmers with network members living outside the village representing between 10.4 % and 
28.6 % in Wote and Mongorion, respectively. In Abraha Atsbaha, however, farmers have 
been assigned to the development teams based on neighborhoods, and groups are almost ex-
clusively (99.6 %) composed of village members. 

The interviewees interact quite frequently in all types of networks. Whilst generally approxi-
mately half of the network interactions take place on a daily or weekly basis, most intense 
interaction has been observed for information networks in Bola Buta (68.4 % daily and 
weekly interaction), and least interaction has been reported for group networks in Wote 
(42.7 %) and Abraha Atsbaha (32.9 % daily and weekly interaction). Compared to the infor-
mation and exchange networks, group networks are generally characterized by less frequent 
member interaction in all study areas. 

The relational network description suggests that, given the significantly larger size, the higher 
proportion of socially and spatially distant network members, and the less frequent member 
interaction in the group networks, the members of farmer groups generally tend to be con-
nected through ‘weak ties’. Information and exchange networks, in contrast, tend to more 
resemble ‘strong ties’ that preferably link socially and spatially close individuals (cf. Chapter 
2.4). The following analyses aim to assess the effect that the various network types have on 
the innovation adoption by their members. 

In order to explicate the effect of group networks on innovation diffusion, the first test of hy-
pothesis 1 shall compare the innovation adoption behavior of members and non-members of 
development-oriented farmer groups. This comparison aims to analytically separate the con-
tribution of group networks from the contributions of the information and exchange networks 
to innovation diffusion. Whilst households of both strata are equally part of the various infor-
mation and exchange networks and thus can be expected to obtain identical impetus for inno-
vation adoption through these networks, only group members are exposed to the news and 
information conveyed through the ‘weak ties’ of farmer groups, as well as the social influ-
ences and persuasive effects that result from group interaction. Ceteris paribus, any differ-
ences concerning the adoption of innovations between both strata can, therefore, likely be 
attributed to the involvement of member households in farmer groups. Consequently, the fol-
lowing sub-hypothesis has been formulated: 

H1.1: Compared to members of development-oriented farmer groups, complex innova-
tions disseminate less effectively among non-member households. 

                                                 
108 Farmers in Bola Buta have usually referred to the development agent residing in a neighboring peasant asso-
ciation as one member of their exchange networks due to his role in providing farm inputs such as fertilizer. 
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The sub-hypothesis shall be tested quantitatively by using the entire set of innovation-specific 
ego-centric information, exchange and socio-centric group adopter networks of the respon-
dents.109 However, the validity of the sub-hypothesis hinges on the assumption of comparable 
frame conditions. The review of empirical research findings (Chapter 2) has shown that par-
ticularly structural network features, as well as the socio-economic household attributes influ-
ence the adoption of the innovations by farmers. The group members and non-members strata 
shall, therefore, first be compared in terms of the structural properties of their information and 
exchange networks and basic socio-economic household characteristics. In accordance with 
the theory review and guiding model of research, network size, cohesion, density, centraliza-
tion and actor centrality have been selected as major structural network indicators, and aver-
age household size, age and level of education of household head, farm size, annual gross 
farm income and proportion of income derived from off-farm activities have been chosen to 
characterize the socio-economic status of the strata (Table 11). The indicators sex of the 
household head, residential status and ethnic affiliation of the households have also been in-
vestigated. 

Table 11: Structure of the information and exchange networks and socio-economic attributes of members and 
non-members of development-oriented farmer groups 

Mongorion Wote Bola Buta Abraha Atsbaha 

Indicators 
Members Non-

members
Members Non-

members
Members Non-

members 
Members Non-

members

N 99 104 207 23 215 0 145 34
Structure of the information network 
Network size (persons) 11.04** 7.51 10.32 9.39 8.78  6.66** 5.24
Network cohesion 0.11 0.09 0.06 0.04 0.10  0.15 0.12
Network density 0.31 0.34 0.24 0.23 0.29  0.35 0.34
Average actor centrality 0.62* 0.71 0.65 0.67 0.66  0.67 0.73
Network centralization 0.42** 0.53 0.49 0.51 0.47  0.44* 0.55
Structure of the exchange network 
Network size (persons) 9.85** 7.43 8.88 7.87 5.68  6.61** 5.00
Network cohesion 0.12 0.11 0.07 0.07 0.07  0.15** 0.07
Network density 0.32 0.35 0.26 0.27 0.33  0.37 0.32
Average actor centrality 0.63* 0.72 0.66 0.69 0.69  0.67 0.67
Network centralization 0.42** 0.52 0.49 0.54 0.54  0.45* 0.56
Socio-economic household characteristics 
Household size (persons) 6.69** 5.50 5.06 5.17 5.90  5.59* 4.38
Age HH head (years) 40.65 42.66 50.43 45.74 46.66  46.8** 60.2
Schooling HH head (years) 4.53* 3.05 4.32 4.87 2.31  1.39 0.59
Farm size (ha) 4.01 3.38 2.90 2.55 3.39  1.39 1.27
Legal land title (% farml.) 0.30 0.24 0.54 0.47 0.01  0.00 0.00
Gross farm inc. (EUR/a) 747* 563 1588 1719 1050  931* 736
Off-farm inc. (% of GFI) 0.47* 0.38 0.57 0.65 0.16  0.20 0.21

*/ **Significant differences between group members and non-members at 0.05 and 0.01 as indicated by ANOVA 
and Kruskal-Wallis tests. Source: Field research (2007) 
                                                 
109 Out of the total of 58,432 innovation-specific networks only those have been included in the statistical analy-
ses that conform to the following selection criteria: (1) information, exchange and group networks of adopters 
that are exclusively composed of interviewed households (the two group networks in Bola Buta provide the only 
exception since they, due to their large size and fuzzy boundaries, contained a number of non-respondents each); 
(2) group networks that consist of no less than five members; and (3) group networks that have been established 
before the year of first adoption by any one group member (the groups in Abraha Atsbaha that had been reshuf-
fled in 2004/2005, and the groups in Bola Buta for which a year of establishment could not be given are the only 
exceptions). The number of data sets included in the analysis is provided in Annex 6. 
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The analyses reveal significant and highly significant differences between both strata in 
Mongorion and Abraha Atsbaha. Compared to non-members, group members tend to have 
larger (for example, 11.04 as compared to 7.51 members of information networks in 
Mongorion) and less centralized information and exchange networks (for example, centraliza-
tion index of 0.42 as compared to 0.53 for exchange networks in Mongorion). Group mem-
bers in Mongorion possess a less central position in their information and exchange networks 
than non-members, and the exchange networks of group members are significantly more co-
hesive than non-members’ networks in Abraha Atsbaha. Network density does not signifi-
cantly differ between both strata. Furthermore, group members tend to have a larger house-
hold size (6.7 as compared to 5.5 persons in Mongorion and 5.6 as compared to 4.4 persons in 
Abraha Atsbaha), and to derive a higher annual gross farm income (747 as compared to 563 
€/ a in Mongorion, and 931 as compared to 736 €/ a in Abraha Atsbaha, respectively). In addi-
tion, the group member stratum is characterized by a significantly higher proportion of in-
come derived from off-farm activities (Mongorion), significantly younger (Abraha Atsbaha) 
and more educated household heads (Mongorion). Further, both strata vary significantly with 
regard to their residential status in Wote and Abraha Atsbaha, with migrants being less (Wote) 
and more frequently (Abraha Atsbaha) represented among the group members (statistics not 
shown). In brief, members of development-oriented farmer groups in Mongorion and Abraha 
Atsbaha, through their information and exchange networks, tend to have better access to in-
formation given the significantly larger size and the less centralized structure of these net-
works (cf. Liu et al. 2005:245 ff.); and simultaneously tend to be more strongly exposed to 
different forms of social influence and behavioral pressures in these networks, as indicated by 
the higher cohesion and significantly lower centrality values (cf. ibid.:245 ff.). In addition, 
group members tend to possess a significantly higher socio-economic status than non-
members in both villages. Box 2 illustrates the influence of network exposure on innovation 
adoption. Whilst the residential status of the households is the only statistically significant 
difference between both strata in Wote, households in Bola Buta do not stratify into members 
and non-members since the respondents exclusively participated in labor-sharing groups at 
this study site. 

Box 2: Characterizing a member and a non-member of development-oriented farmer groups – Abraha Atsbaha 

A typical group member: Ato Gebremichael H. (67 years) and his wife Teklen (50 years) have always 
been living in Minda village. The youngest of their sons, Tomsgen (5 years), still lives with the couple, 
whereas all their other children have left the parental household already. Gebremichael is an advanced 
farmer who has adopted 13 of the innovations under study on his farm of approximately 2 hectares, 
among them many complex and moderately complex innovations such as a fruit tree orchard with ap-
proximately 15 guava trees, micro-basins constructed around the Faidherbia albida trees growing on his 
farm plot that serve to collect the run-off water during the rainy season, and a small farm woodlot of ap-
proximately 100 trees of Eucalyptus spec.. Teff, sorghum and maize represent the major farm crops 
grown last year. Due to the low quantities harvested, no agricultural produce has been sold. Main sources 
of cash income are minor sales of dairy products and small livestock, as well as paid communal work ini-
tiated by the MERET project. In addition, Gebremichael borrowed approximately 200 EUR from relatives 
to purchase wheat for household sustenance last year. The annual gross farm income of his household 
amounts to 530 EUR and thus is far below the village average.  

Gebremichael’s information and exchange networks extend to relatives and neighbors. Both networks 
vary slightly in their composition and structure. In addition, Gebremichael is a registered member of and 
regularly participates in the activities of the “Gebru Meruts” development team, which aims to promote 
the group members’ farming activities by jointly constructing shallow wells for irrigation agriculture, and 
to implement soil conservation activities on communal lands. Few of his group mates are also part of Ge-
bremichael‘s information and exchange network, whereas the majority of the group members are not 
linked to Gebremichael through information and exchange relationships. Several of his network peers are 
more experienced with regard to particular innovations and thus serve as role models, sources of informa-
tion and social influence for his household (Figure 3). 
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Figure 3: Gebremichael’s (V25-5) information, exchange and group adopter networks (left to right) for 
fruit tree growing (black nodes indicate adoption earlier, grey nodes simultaneously, and white nodes 
later relative to Gebremichael) 

Whilst the household through its information and exchange networks is linked to only one neighboring 
farmer (V25-7) who had successfully planted some fruit trees on his farm before Gebremichael started to 
grow guava trees himself in 2002, the group network contains one additional early-adopter of fruit tree 
orchards (V25-2), which Gebremichael is directly linked to. Given the relatively dense (0.55) and cohe-
sive (0.29) structure of the group network, the two early adopters’ experiences are additionally relayed to 
Gebremichael through those group members V25-10, V25-6, and V25-1, who are located between him 
and the two early adopters, thus multiplying the persuasive influence of the early fruit tree growers in the 
group network. 

A typical non-member: Since her husband died a couple of years ago, Woyzero Zewdu G. (60 years) has 
been living with her youngest son Gebru (24 years) who assists her with the heavy farm work. Zewdu has 
adopted only 8 of the innovations under study, most of which rank low and very low in complexity such 
as cultivating grain in-between some Faidherbia albida trees growing on her farm plot, producing com-
post from farm manure in two earth pits, and protecting her farmyard by a fence of Euphorbia spec. trees. 
Sorghum, barley and teff represent the major agricultural crops grown on her farm of approximately 1.60 
hectares in size. Although Zewdu usually hires casual laborers during the harvesting season, she some-
times fails to collect her harvest in time. Cash income is mainly derived from minor sales of agricultural 
produce directly after harvest, and from small quantities of dairy products sold in the village. Both mother 
and son occasionally participate in cash-for-work activities administered by the MERET project, and also 
regularly receive food aid packages. Their annual gross farm income amounts to ca. 390 EUR. 

 
 
 
 
Figure 4: Zewdu’s (V0-7) in-
formation and exchange adopter 
networks (left to right) for 
compost making (white nodes 
indicate later adoption relative 
to Zewdu) 

The set of members of Zewdu’s information and exchange networks are fully congruent and limited to a 
neighbor and the household of her son Gebrekidane (Figure 4). Whereas both of her network peers are 
members of development-oriented farmer groups, Zewdu and her youngest son do not participate in any 
farmer group of her village. They, thus, also receive less attention of the governmental extension agents 
who mainly address the villagers during meetings of the farmer groups. Hence, Zewdu is relatively iso-
lated from many potential sources of information and social influence of her village. The fact that her 
network peers both are hardly more experienced and innovative farmers than Zewdu herself and, at least 
partly, face similar socio-economic constraints, aggravates this effect of relative isolation. However, 
whilst Zewdu is at least indirectly connected to the farmer groups through her network peers, other non-
members are mainly linked to non-members themselves, and thus are even more isolated than Zewdu. 

Because her network peers have started to adopt compost making, as well as most of the other innova-
tions under study, later relative to Zewdu, she cannot expect to obtain major impetus for the adoption of 
new technologies through her information and exchange networks. 

Source: Field research (2007) 
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To quantitatively explicate the effect of group membership on the diffusion of innovations, a 
multivariate linear regression model shall be used.110 The set of innovation-specific adopter 
networks has been classified into four categories of perceived innovation complexity ranging 
from ‘high’ to ‘very low’.111 The effectiveness of innovation dissemination has been opera-
tionalized by the three major dimensions of innovation diffusion, viz. diffusion depth, speed, 
and width as introduced in Chapter 3.1. Whilst a high average adoption level and a high pro-
portion of adopters indicate effective innovation dissemination, increasing time between first 
and last adoption is an indication of less effective diffusion. Table 12 presents the strength 
and direction of association of group membership and the innovation diffusion indicators. 
Given the lack of significant differences for the network density, farm size and land title indi-
cators between the group members and non-members, these factors shall not be included in 
the regression model. The complete regression tables are provided in Annex 4. 

Table 12: Strength and direction of the association between group membership and innovation diffusion 
Mongorion Wote Bola Buta Abraha Atsbaha Innovation 

complexity Level Time Spread Level Time Spread Level Time Spread Level Time Spread

High + + +** + - +    - - + 
Moderate + + +** + - +**    - + + 
Low +** ++** +** - - +    + + +** 
Very low -* + + +** --** +    + + + 

*/ **Significant at 0.05 and 0.01 as indicated by multivariate linear regression analysis. Source: Field research 
(2007) 

The coefficients of determination vary between 0.00 and 0.52. The results show that, while 
accounting for the variation of structural network and socio-economic control variables be-
tween group members and non-members, being or not a member of development-oriented 
farmer groups most significantly influences the effectiveness of innovation dissemination in 
Mongorion and Wote, and much less determines the effectiveness of innovation diffusion in 
Abraha Atsbaha. 

In Mongorion, innovations of all complexity classes tend to spread more evenly in the net-
works of group members by reaching a higher proportion of their total network peers. Yet, 
although mostly missing statistical significance, the innovations generally tend to disseminate 
less rapidly in the group members’ networks. The membership in farmer groups increases the 
level of adoption of innovations of high, moderate and low complexity, whilst innovations of 
very low complexity tend to be less fully adopted by group members. Disregarding statisti-
cally insignificant associations, group membership facilitates the diffusion of innovations of 
high, moderate and low complexity, whilst most simple innovations tend to spread more ef-
fectively among non-members in Mongorion. 

                                                 
110 Four households that have been exempted from group work in Abraha Atsbaha have been excluded from the 
non-member stratum although they formally do not participate in a development-oriented farmer group. The 
reason is that these households, among them a religious teacher and a model farmer for example, due to their 
social positions are intensively involved in a multitude of social circles and relationships with other villagers and 
thus strongly exposed to various social influences. Since this is more typical for group members than for non-
members, excluding these households reduces the heterogeneity of the stratum. 
111 For the list of innovations in each complexity category see Annex 5. Differences in the perception of innova-
tion complexity between the study sites can be assigned to the socio-cultural particularities of each site (e.g. 
sedentary vs. nomadic tradition), the usualness of an innovation, and the focus and history of the extension inter-
ventions. 
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The direction of the associations suggests that innovations of all complexity levels dissemi-
nate more effectively among group members in Wote. Innovations of all types tend to spread 
more quickly within the networks of group members, to disseminate to a larger proportion of 
their network peers, and group members tend to more fully adopt innovations of high, moder-
ate and very low complexity. Innovations of low complexity, however, are more fully adopted 
by non-members. Leaving the non-significant associations aside, group membership clearly 
facilitates the diffusion of innovations of moderate and least complexity. 

Membership in development-oriented farmer groups tends to increase the average level of 
adoption of innovations of low and very low complexity, and the proportion of adopters 
among the total network peers for innovations of all types in Abraha Atsbaha. Complex inno-
vations tend to disseminate more quickly in the networks of group members, whilst less com-
plex innovations disseminate more rapidly through non-members’ networks. Neglecting non-
significant associations, group membership facilitates the adoption of innovations of low 
complexity in Abraha Atsbaha. 

These results indicate partial support for sub-hypothesis 1.1 across the case study areas: Com-
plex innovations have clearly proved to disseminate better among group members in 
Mongorion (sub-hypothesis verified). Innovations of high complexity tend to disseminate 
more effectively among group members but this association lacks statistical significance, 
whilst the dissemination of moderately complex innovations is significantly facilitated by 
group membership in Wote (sub-hypothesis partly verified). Likewise, diffusion of complex 
innovations is positively but not significantly related to group membership, whereas innova-
tions of low complexity disseminate significantly better among group members in Abraha 
Atsbaha (sub-hypothesis partly verified). 

The quantitative analysis has shown that complex innovations partly disseminate better 
among the members of farmer groups in the study sites. The household descriptions in Box 2 
have provided a qualitative illustration of the causal consistency of this relationship. Since the 
information, exchange and group networks have not been investigated separately it is, how-
ever, yet unclear to which of the network types this effect can mainly be attributed to. In order 
to reveal the individual contribution of the three network types, the second test of hypothe-
sis 1 aims to directly compare the diffusion of innovations through the farmers’ information 
and exchange networks with the diffusion process taking place in their group networks. 
Hence, the analysis shall be limited to the group member stratum. The following sub-
hypothesis shall, therefore, be tested: 

H1.2: Compared to their information and exchange networks, complex innovations dis-
seminate more effectively through the group networks of members of development-
oriented farmer groups. 
The sub-hypothesis shall be quantitatively tested on the same set of innovation-specific 
adopter networks used in the previous analysis. Given the differences between the three net-
work types at each study site (Table 10), the structural features of the group members’ infor-
mation, exchange and group networks can be expected to vary, and hence, the need to control 
for covariates to arise. Table 13 presents the basic structural features of the group members’ 
information, exchange and group networks in the four study areas. 
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Table 13: Network structure of the information, exchange and group networks of members of development-
oriented farmer groups 

Mongorion Wote Bola Buta Abraha Atsbaha  

Info Exchg Group Info Exchg Group Info Exchg Group Info Exchg Group

Network size 8.06 7.40 7.85 7.39 6.49 6.59 6.60 4.11 80.2** 5.25 5.14 9.10**

Cohesion 0.12 0.15 0.35** 0.09 0.09 0.04** 0.15 0.09 0.00** 0.18 0.18 0.46**

Density 0.38 0.39 0.64** 0.32 0.33 0.16** 0.38 0.40 0.01** 0.40 0.41 0.65**

Centrality 0.65 0.65 0.64 0.64 0.64 0.16** 0.67 0.69 0.01** 0.66 0.66 0.65
Centralization 0.45 0.43 0.42 0.47 0.48 0.27** 0.47 0.58 0.01** 0.44 0.45 0.22**

**Significant at 0.01 as indicated by ANOVA contrast and Kruskal-Wallis tests. Source: Field research (2007) 

The structure of the group members’ information and exchange networks is comparatively 
similar to the structure of their group networks in Mongorion, but differs more significantly in 
the other three case study areas. Whilst the degree of network cohesion and density is signifi-
cantly higher for group networks in Mongorion and Abraha Atsbaha (cohesion index of 0.46 
as compared to 0.18 in Abraha Atsbaha, for example), group networks in Wote and Bola Buta 
are characterized by significantly lower density and less mutual relationships (cohesion index 
of 0.04 as compared to 0.09 for Wote, for example). In addition, group networks possess a 
lower proportion of network peers contacted by ego in Wote and Bola Buta (centrality index 
of 0.16 as compared to 0.64 for Wote, for example), have a less centralized structure in Wote, 
Bola Buta and Abraha Atsbaha (centralization index of 0.27 as compared to 0.47 and 0.48 for 
Wote, for example), and are significantly larger than information and exchange networks in 
Bola Buta and Abraha Atsbaha. Whilst these differences between the network types can 
mainly be attributed to the arithmetic shift that results from the aggregation of personal net-
works to two larger labor-sharing networks in Bola Buta, they, at the structural level, largely 
confirm the ‘weak ties’ character of group networks in Wote. Group networks in Mongorion 
and Abraha Atsbaha, in contrast, tend to display structural features of ‘strong’ ties. Combin-
ing these and the relational features typical for ‘weak’ ties (Table 10) group networks, thus, 
can be classified as ‘trusted weak ties’ (Levin & Cross 2004, cf. Chapter 2.4) in both villages. 
The effect of the network types on innovation diffusion is illustrated in Box 3. 

Box 3: Diffusion of complex and simple innovations among group members – Mongorion 

Mrs. Eliza S. (48 years) moved to Mongorion after she got married to her late husband approximately 10 
years ago. She lives together with four of her children aged between 13 and 29 years, who partly still at-
tend school. Eliza is a moderately advanced farmer. Out of the practices under study she has adopted 16 
innovations. For example, she occasionally collects seeds from the Sesbania sesban and Acacia spec. 
trees that she used to rehabilitate a small erosion gully on her farm yard in 1999, and sells them to the VI 
project and other farmers. She manages a small woodlot of Eucalyptus spec., and also practices a number 
of innovations of lower complexity, such as pruning trees for livestock feed production and maintaining a 
hedge of Euphorbia spec. around the farm compound as a windbreak and to prevent damage by roaming 
cattle. Maize, beans, and cabbage are the major field crops cultivated on her farm. During sowing, weed-
ing, and harvesting time Eliza is assisted by up to 12 casual laborers and relatives, and she usually also 
hires a tractor for plowing from a neighbor. The household, however, is not self-sufficient in food produc-
tion, and the household diet need to be complemented by food purchased locally. Sources of cash income 
comprise sales of livestock and dairy products, sale of handicrafts such as decorated calabashes, and a 
small pension originating from the former employment of her late husband. In total, Eliza derives an an-
nual gross farm income of approximately 1200 EUR and thus, is comparatively well-off. 

Eliza is socially very well embedded in her community. Her information and exchange networks of ap-
proximately 15 members each extend to neighbors and kin. She participates in two women groups that, 
apart from companionship, mainly aim to boost the members’ farm businesses by promoting poultry rais-
ing and joint production of handicrafts, and simultaneously serve as major platforms of information bro-
kerage among members. Because her information and exchange networks slightly vary in their composi-
tion and, additionally, do not considerably overlap with her group networks, Eliza is connected to a total 
of 36 different households in Mongorion (Figure 5). 
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Diffusion of a typical complex innovation: Gully erosion is a common problem at the study site. Due to 
the considerable labor, land, and knowledge requirements involved, gully reclamation has been rated as a 
complex innovation by the key informants in the study area. Nevertheless, soil erosion seems to be of low 
priority in governmental and project extension work. As early as 1984, a first farmer who used to work as 
a governmental agricultural extensionist started to rehabilitate an erosion gully located close to his farm 
using Eucalyptus spec., sisal and grasses. Since then, the practice has spread to more than 60 % of the in-
terviewed households in Mongorion who have, more or less successfully, reclaimed erosion gullies on 
their private farmyards or on communal lands. 

Figure 5: Diffusion of gully rehabilitation in Eliza’s (F6-2) information, exchange and one of her group 
networks (from left to right; black nodes indicate full adoption, grey nodes trial adoption, and white 
nodes indicate non-adoption).  

The first of Eliza’s contacts, a member of her exchange network, started gully rehabilitation in 1986. The 
first of her information peers adopted this practice around 1990 and the first group member in 1993. Al-
though gully reclamation is marginally more fully adopted by the members of Eliza’s information net-
work (average adoption level of 1.67 as compared to 1.54 for exchange and 1.55 for the group network), 
the technology has disseminated slightly better among the members of the group network: whereas it took 
12 and 15 years for the innovation to spread in the information and exchange adopter networks, respec-
tively, the technology disseminated among the adopting group members within only 10 years. In addition, 
the proportion of adopters among the total number of network peers is slightly higher for the group net-
work (0.92 as compared to 0.86 and 0.87 for the information and exchange networks, respectively). 
Whilst more rapid and more extensive diffusion may partly result from the slightly smaller size of the 
group network, the major reason for better innovation diffusion is the more cohesive structure of the 
group network (0.39 as compared to 0.07 and 0.13 for the information and exchange networks, respec-
tively) that facilitates the emergence of relationships of trust, increases the individual member’s exposure 
to information, opinions and experiences of their peers, and provides the opportunity for repeated confir-
mation of adoption decisions made that is needed for the diffusion of complex and ambiguous innovations 
such as gully reclamation. 

Diffusion of a typical simple innovation: In the plane and largely deforested area of Mongorion, wind-
breaks that have been established by some farmers along their farm compounds and field plots considera-
bly reduce the velocity and impact of the gusts of wind common in the area during much of the year. 
They are a truly local innovation that has never been promoted by external agents, and so the windbreaks 
differ considerably in terms of spacing and species used, for example. Notwithstanding the difficulties in 
tracing the roots of windbreak establishment in Mongorion, windbreaks have first been adopted among 
the respondent farmers in 1978. Although not particularly demanding in their establishment, nowadays 
only 52 % of the respondents have adopted this technology. 

Figure 6: Diffusion of windbreaks in Eliza’s (F6-2) information, exchange and one of her group net-
works (from left to right; black nodes indicate full adoption, grey trial adoption, and white nodes indi-
cate non-adoption). 
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The first of Eliza’s contacts, a member of her exchange network, established a windbreak in 1988. The 
innovation was first adopted among her information peers in 1989 and among her group members in 
1990. Although the technology has disseminated slightly more rapidly among the group adopter network 
(12 years as compared to 14 years in the information and exchange networks), windbreaks are more fully 
adopted by Eliza’s information and exchange peers (average adoption level of 1.78 and 1.86, as compared 
to 1.63 for the group network, respectively), and have spread to a larger proportion of her information and 
exchange network peers (0.93 as compared to 0.66 for the group network). Hence, the group network 
proved to be less effective for the diffusion of windbreaks, which suggests that, at least in the current 
case, the behavioral pressures fostered by the cohesive relationships typical for farmer groups are not a 
prerequisite for the diffusion of relatively simple and adaptable innovations like windbreaks. 

Source: Field research (2007) 

The effect of the network types on the diffusion of innovations shall be quantitatively investi-
gated using multivariate linear regression analysis (Table 14). Similar to the analysis con-
ducted to test sub-hypothesis 1.1, the innovations have been classified according to their per-
ceived complexity, and the diffusion of innovations has been assessed based on the three de-
pendent indicators average adoption level, time between first and last adoption, and propor-
tion of adopters among the network peers. The complete regression tables are provided in 
Annex 4.  

Table 14: Strength and direction of the association between group networks and innovation diffusion 
Mongorion Wote Bola Buta Abraha Atsbaha Innovation 

complexity Level Time Spread Level Time Spread Level Time Spread Level Time Spread

High + + - + ++** -** +** + +** +* + +** 
Moderate +** ++** +** - ++** -** -** ++** +** +** +* +** 
Low +** ++** + -* ++** -** +** ++** +** +** - +** 
Very low - + + - ++** -** +** ++** +** + - + 

*/ **Significant at 0.05 and 0.01 as indicated by the multivariate linear regression analyses. Source: Field research 
(2007) 

The coefficients of determination vary between 0.00 and 0.56. The results show that, while 
accounting for the covariates of network structure, the diffusion of innovations significantly 
differs when group networks are being compared to the information and exchange networks in 
all case studies. Although disseminating less quickly among the members of group networks, 
innovations of moderate and low complexity tend to spread more effectively in the group 
networks in Mongorion as indicated by the larger proportion of adopting network peers and 
the higher average adoption level in group networks. The lack of significant differences be-
tween the network types illustrates that innovations of highest and least complexity tend to be 
equally effectively disseminated through information, exchange and group networks in 
Mongorion. 

The significantly lower proportion of adopters in the group networks, the significantly larger 
duration between the first and the last group network peer adopting the innovation, and the 
lower average level of innovation adoption by group network peers clearly indicate that inno-
vations of all types are more effectively disseminating through the group members’ informa-
tion and exchange networks in Wote. Whilst most complex innovations are more fully 
adopted by the peers of group networks, this association lacks statistical significance. 

Despite the fact that innovations largely disseminate less rapidly in group networks, farmer 
groups represent the more effective pathway of innovation diffusion for innovations of high, 
low and very low complexity in Bola Buta, as indicated by the significantly larger proportion 
of adopters and higher average adoption levels for group networks. Moderately complex in-
novations, however, disseminate more effectively through the group members’ information 
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and exchange networks, as indicated by the lower average adoption level and the less rapid 
diffusion in farmer groups. 

Higher average adoption levels and a higher proportion of adopters among group members in 
Abraha Atsbaha indicate that innovations of high, moderate and low complexity disseminate 
more effectively among members of development-oriented farmer groups through their group 
networks, while no significant differences can be observed for least complex innovations. 

These results indicate mixed support for sub-hypothesis 1.2 across the case study areas. 
Whilst the indicators of efficient innovation diffusion miss statistical significance for complex 
innovations, moderately complex innovations have clearly proved to disseminate better 
through group networks in Mongorion (sub-hypothesis partly verified). Innovations of all 
complexity levels disseminate less effectively in group networks in Wote (sub-hypothesis 
rejected). In contrast, innovations of high, low and very low complexity disseminate better 
through the group networks in Bola Buta (sub-hypothesis verified), and innovations of high, 
moderate and low complexity disseminate more effectively through farmer group networks in 
Abraha Atsbaha (sub-hypothesis verified). 

Table 15 provides a summary of the tests of hypothesis 1: 

Table 15: Empirical evidence to test sub-hypotheses 1.1 and 1.2 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Comparison of group members 
and non-members: Group mem-
bers are… 

…of higher so-
cio-economic 
status and their 
information and 
exchange net-
works are larger 
and less central-
ized 

…socio-economi-
cally largely simi-
lar to non-mem-
bers, and their 
information and 
exchange net-
works do not vary 
significantly 

data not available …of higher so-
cio-economic 
status and their 
information and 
exchange net-
works are larger 
and less central-
ized 

Qualitative evidence (Box 2) (Complex) innovations disseminate more effectively among group members 
as they are more exposed to information, other farmers’ experiences, persua-
sion, and opportunities for confirmation of their own adoption decisions 
through more and larger social networks (example from Abraha Atsbaha) 

Membership in development-
oriented farmer groups facili-
tates the diffusion of innova-
tions of… 

…high, moderate 
and low innova-
tion complexity 

…high?, moderate, 
low? and very low 
innovation com-
plexity 

data not available …high?, low, very 
low? innovation 
complexity 

Sub-hypothesis 1.1 verified partly verified  partly verified 
Comparison of group members’ 
information, exchange and 
group networks: Group net-
works are… 

…more cohesive …less cohesive, 
less centralized, 
and actors of lo-
wer centrality 

…larger, less 
cohesive, less 
centralized, and 
actors of lower 
centrality 

…larger, less 
centralized, but 
more cohesive 

Qualitative evidence (Box 3) Cohesive group networks facilitate the diffusion of complex innovations (ex-
ample from Mongorion) 

Group networks more effec-
tively disseminate innovations 
of… 

…moderate and 
low? innovation 
complexity 

Innovations dis-
seminate less 
effectively in 
group networks  

…high, low and 
very low innova-
tion complexity 

…high, moderate, 
and low innova-
tion complexity 

Sub-hypothesis 1.2 partly verified rejected verified verified 
?Result not statistically significant. Source: Field research (2007) 

The results indicate that, under certain conditions, complex innovations indeed disseminate 
more effectively among members or through the networks of development-oriented farmer 
groups in Mongorion, Bola Buta and Abraha Atsbaha. In addition, consistent quantitative evi-
dence has been found for group networks facilitating the diffusion of less complex technolo-
gies in all four study areas. On the other hand, farmer groups have been shown not to be more 
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advantageous than non-group networks per se, as non-group networks in some cases have 
proved to equally well, or even significantly more effectively disseminate innovations, such 
as for moderately complex innovations in Abraha Atsbaha, and for innovations of very low 
complexity in Mongorion, for example. 

The results, thus, first suggest that in the current investigation the diffusion of an innovation 
within a community is not significantly mediated by its complexity. Networks that facilitate 
the diffusion of complex or moderately complex innovations generally tend to further the 
spread of less complex innovations, too. However, whilst innovations of low complexity thus 
can be regarded to disseminate almost ‘in the wake of’ more complex innovations through the 
same networks, this relationship does not hold vice versa: In those cases, where simple inno-
vations spread more effectively through networks of information and exchange, complex in-
novations do not always disseminate equally successfully through the same networks (cf. Box 
3). 

Second, although members of farmer groups tend to belong to the socio-economically better-
off population strata in most of the villages, the results do not suggest a one-directional causal 
relationship between socio-economic status and innovation diffusion. The fact that innova-
tions tend to more effectively disseminate among the members of development-oriented 
farmer groups after the influence of socio-economic control variables has been eliminated 
using appropriate statistical procedures rather suggests that their higher socio-economic status 
is a consequence, not a cause, of more effective innovation diffusion and adoption of farm 
technologies by the group members. 

Third, the analyses have shown that most of the innovations under investigation disseminate 
better among the members of development-oriented farmer groups. This effect can partly be 
attributed to the significantly larger information and exchange networks of group members in 
Mongorion and Abraha Atsbaha. The main reasons, however, is the additional involvement of 
these households in their farmer groups that considerably extends their social relationships 
and thus increases their exposure to news, information, experiences, opinions and evaluations 
expressed by other villagers. In contrast, most innovations disseminate less effectively to 
those households that are less embedded in the various social networks of the community, and 
whose networks are smaller and more socially and spatially constricted. This is a clear indica-
tion for the importance of ‘weak ties’ in the innovation diffusion process in the study areas. 

Fourth, as indicated by the tests of sub-hypothesis 1.2, complex innovations disseminate bet-
ter among the group members through more cohesive networks. These networks can be either 
group networks, such as in Mongorion and Abraha Atsbaha, or information and exchange 
networks, as in the case of Wote. In Bola Buta, innovations disseminate better in seemingly 
less cohesive group networks. However, the low cohesion indices result from the aggregation 
of individual group networks to one Dabo and Gelgele network. Given the strictly reciprocal 
character of the relationships in Dabo and Gelgele labor sharing groups, the factual cohesion 
of the personal ego-networks of labor exchange can be expected to be significantly larger than 
in the information and exchange networks. Thus, the case of Bola Buta, too, confirms the im-
portance of network cohesion for successful innovation dissemination. 

The diffusion of innovations among the farmers in the study areas, thus, can be viewed as 
equally guided by both aspects, (a) the farmers’ access to information through extended net-
works of ‘weak ties’ and (b) the atmosphere of trust and persuasion that is inherent in cohe-
sive ‘strong ties’. The two-step flow of communications model (Lazarsfeld et al. 1944, cited 
in Rogers 2003:304-305; van Ban 1964) that aimed to explain the diffusion of extension mes-
sages in rural contexts, though implicitly, already addressed the interplay of both factors. 
More recently, Hansen’s (1999) and Liu et al.’s (2005) conceptualizations of the duality of the 
diffusion process, being composed of the ‘search’ and ‘innovation’ vis-à-vis ‘transfer’ and 
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‘imitation’ mechanisms, have provided considerable theoretical clarification of this problem. 
Farmer groups, more than the other forms of social interaction investigated in the study com-
munities, provide the opportunity to combine the features and benefits of both ‘strong’ and 
‘weak’ ties: First, these groups frequently facilitate, if not initiate, the interaction of villagers 
of different geographical and/ or social spheres that does not much overlap with other forms 
of social exchange in the villages, and thus link many farmers who otherwise would not be 
connected to each other. Second, the opportunity, if not necessity to regularly interact and 
cooperate in order to perform the group activities and to attain a common group objective 
simultaneously creates relationships of mutual dependency and trust that effectively convey 
role model effects, persuasive forces, opportunities for confirmation, and other forms of social 
influence that promote the diffusion of innovations. 

Despite the logical conclusiveness and intellectual appeal of these generalizations, differences 
between the four study areas remain. The major difference refers to the obvious inferiority of 
the group networks when compared to non-group networks in Wote that is indicated by their 
less cohesive structure and the lack of significant differences between members and non-
members at this study site. Likewise, the modest coefficients of determination obtained in the 
quantitative analyses suggest that further factors determine the spread of innovations through 
social networks in the study areas. External influences on the diffusion process and factors 
inherent in group operation and activities shall, therefore, be studied in the subsequent chap-
ters of this research work. 
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6 The influence of extension work on group effectiveness 
As postulated in the multiple-pathway model proposed in Chapter 2.6, the focus and intensity 
of the rural extension work influences the diffusion of innovations in social networks. By test-
ing hypothesis 2 the purpose of the current chapter is to scrutinize the effect of the extension 
efforts undertaken in the case study areas on innovation diffusion in farmer groups. Non-
group networks shall not be included in the analysis as group networks in previous analyses 
have proved to be the major pathways of innovation diffusion in most of the study areas. 

The indicators introduced in Chapter 3.1 serve to assess the intensity of the extension inter-
ventions in the study areas. Most of the data stem from expert interviews with project staff 
and extension officers, or have been retrieved from project documents and complemented and 
validated during the household interviews. The indicator strength of extension service has 
been derived based on the qualitative and quantitative information provided in Chapter 4.3. In 
contrast to the other indicators, intra-group variation of extension exposure is negatively re-
lated to extension intensity as large differences among group members are an indication of 
weak extension services. Adoption impetus shall not enter the quantitative analyses but serve 
to qualitatively illustrate the extension intensity in the in-depth analysis. Table 16 shows the 
intensity of the extension work in the study areas as concerning the members of farmer 
groups. 

Table 16: Intensity of extension work in the study areas as concerning the members of farmer groups 
Variables of extension intensity Mongorion Wote Bola Buta A. Atsbaha 

Extension contact (% of groups) 80.0 18.2 0.0 100.0 
Group formation (% of groups) Farmers  

(100.0) 
Farmers  
(100.0) 

Farmers  
(100.0) 

Authority 
(100.0) 

Level of average ext. exposure (% of members)#     
high (>2 events last year) 91.0 33.7 13.5 26.0 

medium (1-2 events last year) 9.0 58.6 85.4 74.0 
none  7.7 1.0  

Intra-group variation of extension exposure (σ)# 1.41 1.16 0.67 0.54 
Extension approach Group  

extension 
Individual 
extension 

Individual  
extension 

Group  
extension 

Magnitude of innovation promotion (no. of innovations)     
actively promoted 10 13 4 12 

moderately promoted 8 3 11 3 
local (not promoted) 4 6 7 7 

Adoption impetus (% of adoption decisions)     
adopter’s own decision 34.3 45.1 35.0 40.7 

other farmers’ advice 28.0 41.8 40.6 6.5 
development project advice 30.2 7.7 5.7 3.4 

authority advice 6.9 4.7 18.7 49.1 
other 0.6 0.7  0.3 

Strength of the extension intervention Strong Moderate Weak Very strong
#Number of farm visits, trainings and study tours received last year. Source: Field research (2007) 

Whilst of the existing development-oriented farmer groups all have been addressed by exten-
sion agents in Abraha Atsbaha, only 80 % and 18 % of the groups have been targeted by the 
extension services in Mongorion and Wote112, respectively. None of the traditional farmer 
groups has been addressed by the extension agents in Bola Buta. Farmer groups have been 
                                                 
112 Group extension mainly refers to early project phases of INRMU, as well as to the work of other extension 
projects in the study area. 
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self-initiated by villagers in Mongorion, Wote and Bola Buta. Abraha Atsbaha is the only case 
where the groups have been established by the authorities (see Chapter 4.4). 

The table shows that extension exposure is highest in Mongorion, where 91 % of the group 
members have been exposed to more than two farm visits, study tours, or trainings during the 
past year. Extension exposure in Abraha Atsbaha is stronger than in Wote given the propor-
tion of 7.7 % of group members who have not obtained extension services in this study area. 
Extension exposure is least intense in Bola Buta, where 85 % of the group members have re-
ceived less than two farm visits, study tours, or trainings last year. The standard deviation 
indicates that group members are more homogeneously exposed to extension advice in the 
context of the group extension approach in Abraha Atsbaha, whereas farmers in Bola Buta are 
uniformly less exposed to extension services. 

Furthermore, of the 22 innovations under study 13 (Wote) and 12 (Abraha Atsbaha) have 
been intensively promoted, i.e. target farmers have actively been persuaded by the extension 
agents, and they have been offered extension packages combining material inputs, technical 
advice and/or loans to foster successful adoption. In contrast, the innovations under study 
have much less actively been promoted in Bola Buta, where the development project mainly 
piloted the extension of few model innovations, leaving the promotion of the bulk of innova-
tions to the weaker public extension service. Between four (Mongorion) and seven (Bola 
Buta, Abraha Atsbaha) innovations have been classified as local practices that have not been 
promoted by the extension agencies (see Annex 5 for classification of the innovations). 

The table further shows that the adopters’ own decisions account for 35 to 45 % of the adop-
tion impetus in all study villages. The figures illustrate the outstanding importance of the de-
velopment project in Mongorion (30.2 % of adoption decisions influenced by this source), and 
of the public extension service in Abraha Atsbaha (49.1 %) in providing extension advice to 
farmers. Due to the limited outreach of the individual-oriented extension services, advice re-
ceived from other farmers crucially shapes the adoption decisions in Wote (41.8 %) and Bola 
Buta (40.6 %). The stronger persuasive effects that result from more intense extension ser-
vices may explain better innovation diffusion in group networks (Box 4). 

Box 4: Adoption impetus and innovation diffusion in two farmer groups – Wote 

‘Meko ma Kyamusoi’ and ‘Mutethya Joint’ are a women and a mixed-gender group at the Kyamusoi and 
Mwaani villages, respectively, located at the Wote study. According to their members, both groups have 
been established around 1993 by initiative of few villagers in order to improve the income and living 
standard of the member households. Both groups have been officially registered at the Department of So-
cial Services in Wote. Members regularly assemble for monthly meetings. Group activities mainly com-
prise Harambee initiatives, i.e. the provision of revolving micro-credits to group members from voluntary 
member contributions that are used by the beneficiaries to establish new small-scale farm businesses or 
off-farm income generation projects such as fruit tree growing, poultry raising, beekeeping, or farmland 
amelioration. In addition, members of both groups contribute funds to purchase a land plot and to con-
struct rental houses that are envisaged to generate a continuous flow of income to the group members in 
the future. 

While the Meko ma Kyamusoi women group has not been addressed by public or project extension 
agents, members of the Mutethya Joint group have repeatedly been provided extension advice during 
group meetings by a development agent of a small NGO. Yet, the members of both groups have reported 
frequent individual exposure to different sources of extension information that results in high average ex-
tension exposure for both groups. 

Fruit production, in particular of mango and citrus, has a long tradition and is of considerable commercial 
importance in the study area. Traditionally, local varieties had been cultivated that yielded relatively 
small fruits selling only cheaply at the markets. Introduced by development projects such as INRMU, 
high-yield varieties have increasingly become common. However, only few farmers have been adequately 
trained in the tree management techniques. While fruit seedlings are mainly raised at the fruit growers’ 
farm compounds, most of them refrain from grafting the seedlings due to the technical skills required, and 
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rather ask skillful project farmers for assistance. Nevertheless, grafted fruit trees have been adopted by 
more than 75 % of the households in Wote. Figure 7 presents the adopter networks of both farmer groups. 

Figure 7: Adoption of grafted 
fruit trees by the members of the 
Meko ma Kyamusoi women and 
Mutethya Joint Mwaani group 
(left to right). Darker nodes indi-
cate earlier adoption. Circular 
nodes indicate adoption impetus 
from own decision or from other 
farmers, squared nodes from 
development project/ authority. 

The densely connected structure of the Meko ma Kyamusoi adopter network (left), in which earlier 
adopters of tree grafting obviously serve as main information sources and also provide the adoption impe-
tus to later adopters, suggests the prevalence of horizontal farmer-to-farmer knowledge exchange and in-
novation diffusion by relational proximity. The persuasion of two network members (S11-19, S13-12) by 
development agents during the 1990’s does not seem to have considerably altered the diffusion process in 
the network as all later adopters maintain multiple links to other group members who have not been per-
suaded by development agents.  

In contrast, the slightly larger size of the Mutethya Joint (right) adopter network (11 as compared to 9 
members), a less dense structure (0.16 as compared to 0.18), and the composite character of the network 
(two isolated components) suggest less active exchange processes among farmers and thus, less effective 
innovation diffusion. However, contrary to expectations, fruit tree grafting in fact has disseminated more 
successfully among the members of the Mutethya Joint group: the innovation has been more fully adopted 
(the average adoption level reaches 1.6 as compared to 1.2 for the women group), it has spread more rap-
idly (26 as compared to 34 years between the first and the last group member adopting the innovation), 
and the proportion of adopters among the total group members is slightly higher (86 % as compared to 
83 % of all group members adopt tree grafting). While the network structure does not provide an explana-
tion of the higher diffusion performance, the persuasive character of the extension work does: Six of the 
eleven members of the Mutethya Joint group have obtained the adoption impetus from extension agents, 
which made them largely independent from the relatively slow and uncertain process of farmer-to-farmer 
knowledge transfer. Their direct access to information, technical advice and likely to required inputs pro-
vided by the extension agents has enabled these farmers to more fully adopt tree grafting, and simultane-
ously increased the information availability for the remaining non-adopters in the network. It seems, 
therefore, reasonable to conclude that the more intense involvement of group members in extension ac-
tivities has compensated for the structural weakness of the Mutethya Joint Mwaani group network. 

Source: Field research (2007) 

A multivariate linear regression model has been specified to quantitatively test the hypothesis. 
In order to suit the data requirements of linear regression models, categorical variables have 
been converted into binary dummy variables, and interaction terms of highly correlated vari-
ables have been used to reduce multicollinearity. The statistical model has been applied to-
wards the entire set of innovation-specific socio-centric group adopter networks of the re-
spondents.113 

                                                 
113 Out of the total of 58,432 innovation-specific networks only those have been included in the statistical analy-
ses that conform to the following selection criteria: (1) group networks of adopters that are exclusively com-
posed of interviewed households (the two group networks in Bola Buta provide the only exception since they, 
due to their large size and fuzzy boundaries, contained a number of non-respondents each); (2) networks that 
consist of no less than five members; and (3) group networks that have been established before the year of first 
adoption by any one group member (the groups in Abraha Atsbaha that had been reshuffled in 2004/2005, and 
the groups in Bola Buta for which a year of establishment could not be given are the only exceptions). The num-
ber of data sets included in the analysis is provided in Annex 6. 
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Given the significant influence of structural network features and socio-economic household 
attributes on innovation diffusion (Chapter 5), network size, cohesion, density, centralization 
and actor centrality, as well as average household size, age and level of education of house-
hold head, farm size, annual gross farm income, proportion of income derived from off-farm 
activities, and residential status of the households shall serve as control variables in the analy-
sis. The effectiveness of innovation dissemination shall be measured using the indicators of 
average adoption level, time between first and last adoption, and proportion of adopters 
among network peers. Table 17 presents the strength and direction of association of extension 
intensity and the innovation diffusion indicators. The complete regression tables are provided 
in Annex 4. 

Table 17: Strength and direction of the association between indicators of extension intensity and innovation 
diffusion among members of farmer groups 

Mongorion Wote Bola Buta Abraha Atsbaha Extension 
intensity Level Time Spread Level Time Spread Level Time Spread Level Time Spread

Ext. contact + - - - - -**    + + - 
Ext. exposure             

high    + +** +** + + +    
moderate    + +** +** + + + + + +** 

Variation -** + -* - -** -** + + + +* + +** 
Magnitude             

active -* --** - + -** -** -** -** -** +** --** +** 
moderate + - - +* - + - + + + -** + 

*/ **Significant at 0.05 and 0.01 as indicated by multivariate linear regression. Source: Field research (2007) 

The coefficients of determination vary between 0.04 and 0.84. Of the investigated independ-
ent variables, extension contact, extension exposure, intra-group variation of exposure, and 
magnitude of innovation promotion prove to significantly contribute to innovation diffusion in 
the four study villages. Disregarding insignificant associations, decreasing intra-group varia-
tion of member exposure to extension advice clearly increases the average adoption level and 
percentage of adopting group members in Mongorion. Actively promoted innovations dis-
seminate faster than moderately promoted and local innovations, but are less fully adopted by 
the group members. Whether a group is contacted by extension agents or not does not signifi-
cantly influence innovation diffusion. Nevertheless, given the clear association of diffusion 
effectiveness and the variation indicator, intensive extension services do facilitate the diffu-
sion of innovation in farmer groups in Mongorion. 

Groups that have been worked with by extension agents are characterized by less homogene-
ous innovation diffusion among group members in Wote. High and moderate average expo-
sure to extension advice is associated with more equal but less rapid innovation diffusion 
among members. Increasing differences in the group members’ extension exposure are asso-
ciated with less homogeneous but more rapid diffusion. Likewise, innovations that have very 
actively been promoted by the project disseminate faster but less equally among group mem-
bers. Only innovations that do not constitute the core focus of INRMU but that have mainly 
been promoted by the public extension service (moderate magnitude) are associated with 
higher levels of adoption by group members. In summary, indicators of high and low exten-
sion intensity are equally associated with innovation diffusion, suggesting that the intensity of 
the extension intervention generally is unrelated to innovation diffusion in Wote. 

Most of the indicators of extension intensity do not significantly influence innovation diffu-
sion in Bola Buta. Yet, actively promoted innovations disseminate less effectively among 
farmers, as indicated by the more rapid diffusion, but lower average adoption levels and pro-
portions of adopting group members in comparison to moderately promoted and local innova-
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tions. Hence, extension intensity is slightly negatively related to innovation diffusion in 
farmer groups in Bola Buta. 

In Abraha Atsbaha, innovations tend to be better adopted, i.e. by a larger proportion of peers, 
in groups whose members are more strongly exposed to extension advice. In addition, actively 
and moderately promoted innovations disseminate significantly more fully, more rapidly and/ 
or more homogeneously than local innovations, with most actively promoted innovations dis-
seminating most rapidly. Yet, large intra-group differences of member extension exposure, 
which can be interpreted as an indication of less intensively addressed farmer groups, seem to 
facilitate innovation diffusion. However, given the predominance of significantly and posi-
tively related indicators, the association of innovation diffusion and extension intensity proves 
to be generally positive in Abraha Atsbaha. 

At the case study level the quantitative analysis so far has revealed that the intensity of the 
extension activities is positively (Mongorion, Abraha Atsbaha) related to innovation diffusion 
in the group-oriented extension approaches, whereas more intensive extension activities are 
not clearly (Wote), or even slightly negatively (Bola Buta) related to innovation diffusion in 
the individual-oriented approaches (hypothesis 2 partially verified). Due to the lack of data 
variability at the level of individual case studies, the indicators group formation, extension 
approach, and strength of the extension intervention have not entered the statistical model yet. 
A cross-case analysis of diffusion networks is, therefore, deemed appropriate to scrutinize the 
influence of these remaining factors. Table 18 shows the results of the multivariate linear re-
gression analysis if datasets are pooled across cases. 

Table 18: Strength and direction of the association between extension intensity and innovation diffusion among 
members of farmer groups (comparison across cases) 

Diffusion indicators Extension intensity 

Level Time Spread

Extension contact - - -** 
Average extension exposure high + ++** +** 
    medium + ++** +** 
Intra-group variation of extension exposure + + + 
External group formation - + +* 
Magnitude of innovation promotion  actively promoted innovation + -** - 
    moderately promoted innovation + -* +* 
Group extension approach +** --** +** 
Strength of the extension intervention  strong extension -** --** +** 
    moderately strong extension +** --** +** 

*/ **Significant at 0.05 and 0.01 as indicated by multivariate linear regression. Source: Field research (2007) 

The coefficients of determination vary between 0.19 and 0.76. Extension contact, average 
extension exposure, group formation, magnitude of innovation promotion, extension approach 
and strength of the extension intervention are the factors that significantly influence innova-
tion diffusion. The model indicates that innovations do not disseminate more effectively in 
groups that have been addressed by extension agents, and that the average extension exposure 
of group members is not clearly related to more effective innovation diffusion in the group 
networks. However, the model clearly demonstrates that groups formed by external interven-
tion are more effective as regards innovation diffusion, as indicated by the higher proportion 
of adopters in such groups. Furthermore, the magnitude of innovation promotion clearly fa-
cilitates the diffusion process, as actively and moderately promoted technologies generally 
disseminate more rapidly among the group members and/or are adopted by a larger proportion 
of group members, when compared to local innovations. When comparing individual vis-à-vis 
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group-oriented extension the model further illustrates that group extension is clearly associ-
ated with more effective innovation diffusion, as indicated by the higher average adoption 
level, more rapid innovation diffusion, and the higher percentage of adopters among group 
members. Furthermore, the model shows that innovation diffusion is significantly more suc-
cessful when extension services are strong and moderately strong as compared to weak exten-
sion. Hence, hypothesis 2 can be accepted at the cross-case level. 

Table 19 provides a summary of the tests of hypothesis 2: 

Table 19: Empirical evidence to test hypothesis 2 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Characteristics of the extension 
work in the study areas 

Strong group-
oriented exten-
sion work domi-
nated by a devel-
opment project 

Moderately 
strong individual-
oriented exten-
sion work, many 
actively promoted 
innovations 

Weak individual-
oriented exten-
sion work, few 
actively promoted 
innovations 

Very strong 
group-oriented 
public extension 
work, many ac-
tively promoted 
innovations 

Qualitative evidence (Box 4) More intensive extension services develop stronger persuasive effects that 
result in more effective innovation diffusion in the group networks (example 
from Wote) 

Influence of extension intensity 
on innovation diffusion at the 
level of individual case studies 

Positive: Innova-
tion disseminates 
more effectively 
if the intra-group 
variation of ex-
tension exposure 
is low; actively 
promoted innova-
tions are not 
clearly associated 
to better diffusion

Unclear: Innova-
tions disseminate 
more effectively 
if less actively 
promoted and in 
groups not ad-
dressed by exten-
sion agents; ex-
tension exposure, 
variation of intra-
group exposure, 
and active inno-
vation promotion 
not clearly asso-
ciated with inno-
vation diffusion 

Slightly negative: 
Actively pro-
moted innova-
tions disseminate 
less effectively 

Positive: Innova-
tions disseminate 
more effectively 
if actively pro-
moted and the 
higher the aver-
age extension 
exposure; in-
creasing intra-
group variation of 
extension expo-
sure facilitates 
innovation diffu-
sion 

Hypothesis 2 (case study level) verified rejected rejected verified 
Influence of extension intensity 
on innovation diffusion (cross-
case analysis) 

Innovations disseminate less effectively in groups that have been addressed by 
extension agents; average extension exposure of group members is not clearly 
related to effective innovation diffusion. Yet, innovations disseminate more 
effectively in groups established on external initiative; innovations dissemi-
nate better among group members if actively promoted and in group-oriented 
extension approaches; and innovations disseminate more effectively under 
strong and moderately strong vis-à-vis weak extension efforts 

Hypothesis 2 (cross-case level) verified 
Source: Field research (2007) 

The quantitative analyses demonstrate that innovations disseminate more effectively among 
group members if extension services provided are strong and explicitly directed towards 
farmer groups as in Mongorion and Abraha Atsbaha, and that diffusion of innovations is 
comparatively less effective under the weak and largely individual-oriented extension services 
of Wote and Bola Buta. Whilst the results can be interpreted as proof of the superiority of 
group extension over the individual-oriented extension approaches investigated, they simulta-
neously suggest that the diffusion of the introduced and traditional innovations under study in 
all four study areas critically depends on the provision of information, advice, facilitation, 
material inputs and adoption impetus by the extension agencies. This fact has been qualita-
tively exemplified in Box 4. In sum, these aspects illustrate the largely persuasive character of 
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the extension work and the predominantly agency-driven nature of the innovation diffusion 
process in the study areas, and the comparatively lesser importance of farmer-to-farmer ex-
change processes. 

Furthermore, the quantitative results show that more intensive extension services lead to more 
effective innovation diffusion under the group-oriented extension approaches of Mongorion 
and Abraha Atsbaha. Yet, intensified extension services do not translate into more effective 
innovation diffusion in the context of individual extension, as indicated by the largely am-
biguous and negative associations between both variables in Wote and Bola Buta. In both 
villages, the benefits of intensified extension efforts remain largely confined to the small 
number of project farmers and do not spread to the entire community. This finding clearly 
indicates that the intensity of the individual extension approach does virtually not affect the 
horizontal knowledge exchange between villagers. In contrast, farmer-to-farmer exchange and 
knowledge transfer are highly likely to be intensified and strengthened by more intensive 
group extension, given the larger number of farmers who benefit under these circumstances. 
Besides the increased persuasive forces, which result from intensified extension, increased 
farmer-to-farmer knowledge exchange can explain the more effective diffusion of innovations 
under the group extension approaches. 

A theoretical explanation of the superior performance of group extension approaches has been 
proposed by Darr & Pretzsch (in press). The authors argue that, due to the predominance of 
the ‘transfer’ mechanism of innovation diffusion under group extension and similar situations 
of relative information abundance, group networks are the more effective diffusion pathway 
in these contexts, whereas less cohesive non-group networks evolve as major diffusion path-
ways in situations of relative information scarcity (e.g. individual-oriented extension projects) 
due to the predominance of the ‘search’ mechanism in such situations. Assuming that innova-
tions disseminate optimally if the structure of social relationships coincides with the level of 
information available in the social system the authors attribute the higher performance of 
group extension approaches to two mutually reinforcing factors, viz. (a) the increased avail-
ability of innovation-related information provided through the extension activities, and (b) the 
increased ‘transfer’ potential of farmer groups that results from the extension agents’ facilita-
tion aimed at increasing group cohesiveness and member interaction. Both factors ultimately 
increase the effectiveness of innovation diffusion in farmer groups under group extension and 
similar situations of information abundance. 

In summary, the analyses have revealed the mediating effect of the extension approach on the 
relationship of extension intensity and innovation diffusion in farmer groups. The effect of 
group homogeneity, group activity and group-level processes on the diffusion of innovations 
shall be studied in the following chapter of this research work. 
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7 The influence of group homogeneity, group activity, and group climate on innova-
tion diffusion 

Innovations have been hypothesized to better disseminate in more homogeneously composed 
farmer groups (hypothesis 3.1), or in heterogeneous groups if they are characterized by a high 
degree of group activity (hypothesis 3.2). Furthermore, the levels of member motivation, 
identification, communication, commitment and involvement have been hypothesized to be 
positively related to innovation diffusion in the group networks (hypothesis 4). It is the pur-
pose of the current chapter to empirically examine these propositions. Similar to the previous 
chapter, non-group networks shall not be included in the analyses. 

Group homogeneity has been operationalized as the degree to which the members of a given 
farmer group are socio-economically and demographically similar to each other and shall be 
illustrated using the twelve indicators introduced in Chapter 3.1 (Table 20). 

Table 20: Descriptors of average group-level homogeneity in the study areas 
Variables of group homogeneity Mongorion Wote Bola Buta A. Atsbaha 

HH size [persons]# 2.31 (3) 2.05 (2) 2.58 (4) 1.96 (1) 
Age of HH head [a]# 11.79 (1) 14.13 (3) 14.53 (4) 12.50 (2) 
Duration of residence in the village [a]# 12.92 (2) 7.30 (1) 15.63 (3) 16.44 (4) 
Farm size [ha]# 4.79 (4) 2.84 (3) 1.96 (2) 0.71 (1) 
Fertilizer input [EUR/a]# 8.50 (2) 1.17 (1) 28.31 (4) 15.48 (3) 
Cash-flow from off-farm labor [EUR/a]# 43.32 (2) 349.16 (4) 124.22 (3) 11.19 (1) 
Off-farm cash income [EUR/a]# 428.57 (3) 1594.63 (4) 164.98 (2) 95.84 (1) 
Gross farm income [EUR/a]# 578.72 (2) 1843.87 (4) 624.32 (3) 494.62 (1) 
Sex of HH head+ 0.85 (2) 0.82 (3) 0.90 (1) 0.81 (4) 
Education of HH head+ 0.56 (3) 0.44 (4) 0.66 (2) 0.77 (1) 
Ethnic affiliation+ 0.99 (3) 1.00 (1) 0.74 (4) 1.00 (1) 
Religious affiliation+ 0.74 (3) 0.73 (4) 0.87 (2) 1.00 (1) 

#Average group-level standard deviation (indirectly proportional to homogeneity); +average group-level percent-
age of replies in modal (most frequent) category (directly proportional to homogeneity). Rank in parenthesis 
(1=most homogeneous groups). Source: Field research (2007) 

The indicators of group homogeneity differ significantly between the four case studies (statis-
tics not shown). The table indicates that there are comparatively small variations between the 
farmer groups in the study areas in terms of the average group-level deviation of household 
size, which ranges from 1.96 persons in Abraha Atsbaha to 2.58 persons in Bola Buta; and the 
average group-level deviation of age of household head, which lies between 11.79 years 
(Mongorion) and 14.53 years (Bola Buta). Groups in Wote show a distinctively lower average 
deviation in terms of the group members’ duration of residence in the study villages (standard 
deviation 7.30 years on average), whereas farmer groups in Abraha Atsbaha are most hetero-
geneously composed of residents and migrants (standard deviation 16.44 years on average). 
As regards farm size, group members vary most in Mongorion and least in Abraha Atsbaha 
(average group-level standard deviation of 4.79 and 0.71 ha, respectively). Group members do 
not vary much concerning fertilizer application in Wote, but differ considerably in this regard 
in Bola Buta (value of fertilizer 1.17 vs. 28.31 EUR/a, respectively). The group members’ 
average annual cash-flow from off-farm labor, off-farm cash income, and total annual gross 
farm income vary most widely in Wote (average standard deviations of 349, 1595 and 
1844 EUR, respectively) and are most similar at the group level in Abraha Atsbaha (11, 96 
and 495 EUR, respectively). With the exception of education, only small differences exist in 
terms of demographic group-level homogeneity. On average, between 81 % (Abraha Atsbaha) 
and 90 % (Bola Buta) of the group member household heads are of the same sex (either men 
or women); groups are almost exclusively composed of one ethnic group in Mongorion, Wote 
and Abraha Atsbaha; and between 73 % and 100 % of the group member households are af-
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filiated to the same spiritual community in the four study villages. Educational homogeneity 
of household heads is highest for groups in Abraha Atsbaha and lowest in Wote (77 % and 
44 % of group members in modal category, respectively). In total, farmer groups in Abraha 
Atsbaha show the lowest variation in eight of the twelve homogeneity indicators presented 
(sum of ranks 21) and consequently are characterized by the highest degree of group homoge-
neity. Groups in Mongorion (sum of ranks 29) are slightly more homogeneous than farmer 
groups in Wote (sum of ranks 33). Groups in Bola Buta display the highest deviation in five 
of the twelve indicators discussed (sum of ranks 36) and thus are most heterogeneous in terms 
of their socio-economic and demographic member characteristics. 

Group activity shall be assessed based on the following criteria: official group registration, 
availability of group statutes, regular group meetings, average duration of group membership, 
and main group purpose. According to qualitative information acquired during the expert in-
terviews official registration, explicitly formulated statutes and regular group meetings are 
indications of high group activity. Farmer-initiated groups in Mongorion, Wote and Bola Buta 
have been characterized as typically being most active shortly after group establishment, 
whereas experts in Abraha Atsbaha regard longevity of externally initiated groups as one in-
dicator of relative group success and activity, since the interest of farmers to participate in 
imposed group activities drastically declines over time. Cash and off-farm income generating 
groups are regarded as usually being more active than other group types given their short 
meeting cycle, the mutual financial obligations involved, and the immediate importance of the 
group activities for household well-being. Labor sharing groups, due to the seasonality of 
most farm activities, have generally been regarded as being the comparatively least active 
group type. The group-level activity indicators are presented in Table 21. Due to the informal 
character of groups in Bola Buta, data concerning the regularity of group meetings and the 
average duration of membership have not been acquired. 

Table 21: Descriptors of average group-level activity in the study areas 
Variables of group activity Mongorion Wote Bola Buta A. Atsbaha 

Group has officially been registered#     
Yes 70.3 95.6 0.0 100.0 
No 29.7 4.4 100.0 0.0 

Group possesses explicitly laid-down statutes#     
Yes 84.7 100.0 0.0 100.0 
No 15.3 0.0 100.0 0.0 

    Group meetings held regularly (last meeting 
less than 1 month ago) # Yes 71.2 94.6 n.a. 100.0 

No 28.8 5.4  0.0 
Average duration of group membership 4 ys. 10 mths. 8 ys. 4 mths. n.a. 7 mths. 
Main group purpose#     

Cash and off-farm income generation 18.9 45.5   
Farm management 34.2 37.0  17.2 

Labor sharing   100.0 66.9 
Several 46.8 17.5  15.9 

#Percentage of replies. Source: Field research (2007) 

All (Abraha Atsbaha) or the majority of groups (Wote, Mongorion) have been officially regis-
tered at the respective authorities, whilst the informal labor-sharing groups in Bola Buta lack 
official registration. Similarly, these groups do not possess explicit bylaws, whereas most of 
the groups in Mongorion and all groups in Wote and Abraha Atsbaha do. Regular meetings 
are commonly held at least once per month by all farmer groups in Abraha Atsbaha, and by 
95 % and 71 % of the groups in Wote and Mongorion, respectively. In contrast, labor-sharing 
events in Bola Buta are mainly held on an irregular basis during the agricultural peak season. 
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On average, group members of Bola Buta participate in 4.37 labor group meetings per year, 
indicating considerable lower group activity compared to the other case study sites. The aver-
age duration of group membership ranges between seven months (Abraha Atsbaha) and more 
than eight years (Wote). These values illustrate the recent administratively ordered reshuffle 
of the groups in Abraha Atsbaha, and the comparatively long tradition of group activity at the 
two Kenyan study sites. Income-generation groups constitute the largest proportion (45.5 %) 
of farmer groups in Wote, whilst most groups in Mongorion (46.8 %) pursue more than one 
particular purpose. Groups in Bola Buta (100 %) and Abraha Atsbaha (66.9 %) mainly fulfill 
the purpose of joining labor resources for individual farm or communal works. 

In order to quantitatively test hypotheses 3.1 and 3.2, two multivariate linear regression mod-
els have been specified (Table 22). Model 1 aims to elucidate the effect of group homogeneity 
on innovation diffusion. Taking into account the results presented in the previous chapters, the 
structure of the group network, socio-economic household status, and the intensity of the 
group members’ extension exposure enter the model as control variables. In Model 2, indica-
tors of group activity have been added to Model 1. By comparing the effect of group homoge-
neity on innovation diffusion in both models, the mediating influence of group activity shall 
be disclosed. 

Both statistical models have been applied towards the same set of innovation-specific socio-
centric group adopter networks as selected for the test of hypothesis 2. Categorical variables 
have been converted into binary dummy variables, and interaction terms of highly correlated 
variables have been used to reduce multicollinearity. Similar to previous analyses, innovation 
dissemination has been operationalized by the three indicators Level, Time and Spread. How-
ever, in order to facilitate the comparison of the two regression models, the following table 
presents the aggregated associations of the three dependents and group homogeneity. Fur-
thermore, to ease interpretation of the table, the signs of the associations have been reversed 
for indicators measured as group-level standard deviations as they are negatively related to 
group homogeneity. The overall effect of group homogeneity on innovation diffusion is ag-
gregated from the twelve individual indicators. The regression tables are provided in Annex 4. 

Table 22: Strength and direction of the associations between group homogeneity, group activity and innovation 
diffusion 

Mongorion Wote Bola Buta Abraha Atsbaha Indicators of group-level 
homogeneity Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

HH size + +  - + + + + 
Age of HH head - - - - -/+ - +  
Duration of residence - - + + - - - - 
Farm size - - + - - - - - 
Fertilizer input + + -/+ - + + + -/+ 
Cash-flow off-farm labor - -  + + + - + 
Off-farm cash income + + + -/+ -/+ - - -/+ 
Gross farm income + + - -/+ + + -/+ + 
Sex of HH head - -  + - + - - 
Education of HH head - - -/+ - - - - -/+ 
Ethnic affiliation     + -/+   
Religious affiliation - - - - + +   

Total group homogeneity - - -/+ - ++ + - -/+ 
Duration of membership    -    + 
Cash and off-farm income    +     
Farm management    -    - 
Several    -    + 
The table contains significant relationships as indicated by multivariate regression analysis. +=positive,  
-=negative, -/+=unclear association of homogeneity and diffusion indicators. Source: Field research (2007) 
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The coefficients of determination vary between 0.09 and 1.00 for Model 1 and Model 2. Of 
the investigated indicators of group activity, official registration, statutes, regular meetings, 
and group purpose labor sharing did not significantly influence innovation diffusion in the 
four study areas. 

Model 1 in Mongorion indicates that, in general, innovations disseminate more successfully in 
heterogeneous groups. The majority of homogeneity indicators relate negatively to innovation 
diffusion, among them age, duration of residence, farm size, off-farm labor cash-flow, sex, 
education and religious affiliation of the household head. Only homogeneity in terms of 
household size, fertilizer input and off-farm cash and gross farm income is positively related 
to innovation diffusion. When group activity indicators are included in the analysis (Model 2), 
the influence of group homogeneity on innovation diffusion does not change. This indicates 
that indicators of group activity do not significantly contribute to explain the diffusion of in-
novations in farmer groups, and that group activity does not influence group homogeneity in 
Mongorion. 

Group homogeneity with regard to age of household head, gross farm income and religious 
affiliation is negatively related to innovation dissemination, whereas homogeneity regarding 
duration of residence, farm size and off-farm cash income facilitates innovation diffusion in 
Wote (Model 1). Two indicators, fertilizer input and education of household head, are not 
clearly associated with diffusion in this model. Model 1 thus suggests that homogeneous and 
heterogeneous groups equally effectively contribute to the diffusion of innovations. The re-
sults change markedly when group activity indicators enter the analysis. In Model 2, six ho-
mogeneity indicators are negatively and only three homogeneity indicators positively related 
to innovation diffusion. Of the indicators of group activity, membership duration is negatively 
and cash income generation is positively associated with innovation diffusion, indicating a 
positive effect of group activity on innovation diffusion. Both models thus suggest that inno-
vations disseminate more successfully in heterogeneous groups if these groups are character-
ized by high group activity. 

Innovations disseminate most effectively in homogeneous groups in Bola Buta. The results of 
Model 1 show that the majority of homogeneity measures (household size, fertilizer input, 
cash-flow off-farm labor, gross farm income, ethnic and religious affiliation) are positively 
related to innovation diffusion, whilst group homogeneity in terms of duration of residence, 
farm size, sex and education of household head negatively relates to innovation spread. When 
group activity is included in the analysis (Model 2), the number of negatively associated ho-
mogeneity indicators increases from four to five indicating that group activity, though weakly, 
actually does mediate the relationship of group homogeneity and innovation diffusion. Be-
cause the mediating effect is small, homogeneous groups still represent the more successful 
group type with regard to innovation diffusion. 

Group heterogeneity facilitates innovation diffusion in Abraha Atsbaha. Whilst six homoge-
neity indicators indicate negative associations, among them duration of residence, farm size, 
cash-flow from off-farm labor, off-farm cash income, sex and education of household head, 
only three indicators are positively related to diffusion (household size, age of household head 
and fertilizer input) in Model 1. Model 2 shows that, when group activity enters the analysis, 
innovations disseminate equally well in homogeneous and heterogeneous farmer groups, as 
indicated by the balanced number of positive (household size, cash-flow off-farm labor, gross 
farm income), negative (duration of residence, farm size, sex of household head), and unclear 
(fertilizer input, off-farm cash income, education of household head) associations of group 
homogeneity and diffusion indicators. Duration of group membership is positively related to 
innovation diffusion, whilst farm management groups are less effective as compared to farmer 
groups that pursue multiple purposes. 
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The comparative analysis of Model 1 and Model 2 has demonstrated that first, innovations 
disseminate more successfully in heterogeneous farmer groups in Mongorion and Abraha 
Atsbaha, whereas homogeneous groups are equally or slightly more effective in Wote and 
Bola Buta. Hypothesis 3.1 must thus largely be rejected. Secondly the results indicate that 
group activity does not markedly mediate the relationship of group homogeneity and innova-
tion diffusion in Mongorion, but significantly influences the effect of group homogeneity in 
Wote and, to some lesser extent, in Abraha Atsbaha and Bola Buta (partial support of hy-
pothesis 3.2). Table 23 provides a summary of the tests of hypotheses 3.1 and 3.2: 

Table 23: Empirical evidence to test hypotheses 3.1 and 3.2 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Farmer groups on average are… …homogeneous …heterogeneous …very heteroge-
neous 

…very homoge-
neous 

Innovations disseminate... …more effectively 
in heterogeneous 
groups 

…equally effec-
tively in homoge-
neous and hetero-
geneous groups 

…more effectively 
in homogeneous 
groups 

…more effectively 
in heterogeneous 
groups 

Hypothesis 3.1 rejected rejected verified rejected 
Farmer groups on average are… …active …very active …least active …very active 
Mediating effect of group activ-
ity on the relationship of group 
homogeneity and innovation 
diffusion 

Group activity 
does not mediate 
the relationship of 
group homogene-
ity and innovation 
diffusion 

Active heteroge-
neous groups are 
more effective 
than homogenous 
groups 

Active heteroge-
neous groups are 
more effective 
than less active 
heterogeneous 
groups and almost 
as effective as 
homogeneous 
groups 

Active homogene-
ous groups are as 
effective as het-
erogeneous groups

Hypothesis 3.2 rejected verified partly verified partly verified 
Source: Field research (2007) 

The innovations under study have not proved to generally disseminate more effectively in 
homogeneous groups, as it has been proposed in hypothesis 3.1. On the other hand, a high 
degree of group heterogeneity does likewise not guarantee most effective innovation diffusion 
in the case study areas. Rather, the results suggest that a moderate level of absolute group 
homogeneity best facilitates innovation diffusion: In circumstances of high absolute group 
homogeneity (Abraha Atsbaha, Mongorion) innovations have been demonstrated to more ef-
fectively disseminate in comparatively heterogeneous groups, whereas in the context of low 
absolute group homogeneity (Bola Buta, Wote) homogeneous groups are comparatively more 
successful. Because the attribute of group homogeneity can be understood as being just one 
manifestation of the dichotomy of strong vs. weak network ties (cf. Granovetter 1982:114), 
and thus of group cohesiveness (Newman & Dale 2007:80), this conclusion emerges as an-
other facet of the arguments made by Levin & Cross (2004:1486) and Uzzi (1996:684) who 
reason that networks composed of both strong and weak ties are most adaptive and effective, 
and the illustration provided by Ellis & Fisher (1994:24) exemplifying the optimum curve of 
group performance over group cohesiveness. However, due to the methodological difficulties 
inherent in comparisons across case studies, and the lack of calibrated measures of absolute 
group homogeneity in the four case study areas in particular, this conclusion should be thor-
oughly subjected to further investigation. 

The results can also be interpreted as an illustration of the positive effects of group facilitation 
as undertaken by the extension agents under the group extension approaches in Mongorion 
and Abraha Atsbaha. Whilst heterogeneous groups usually face inherent barriers to innovation 
diffusion due to, for example, their less satisfactory modes of communication among mem-
bers, less effective interaction patterns and lower degrees of mutual trust (cf. Rogers & Kin-
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caid 1981:298, Monge & Contractor 2003:223), these barriers can be overcome and group 
heterogeneity can be turned into an additional advantage through group facilitation and decent 
group management. The results suggest that heterogeneous groups in Mongorion and Abraha 
Atsbaha actually do benefit from the diversity of resources, knowledge and experiences that 
rest in their members, whereas heterogeneous groups in Wote and Bola Buta are overstressed 
by their diversity and do not understand to properly manage and exploit their potential. Lack 
of recognition and support by rural extension agents is one likely reason for the failure of het-
erogeneous groups in the latter villages. 

The results further suggest that, together with external facilitation, group activity is another 
key mechanism to overcome diffusion barriers inherent in group heterogeneity. The case of 
Wote illustrates that, despite the potential barriers to innovation diffusion typical for hetero-
geneous groups, innovations in fact disseminate more effectively in such groups if they are 
characterized by high activity and thus provide abundant opportunity for members to interact, 
to develop relationships of trust and mutual obligation, and to form durable social relations 
that bridge the boundaries of socio-economic strata. However, in order to be effective, group 
activity must surpass a minimum threshold as illustrated by the case of Bola Buta, where 
group activity remains too low and positive effects on innovation diffusion do not emerge. 

The results also show that the mediating effect of group activity on innovation diffusion is 
conditional on the prevalent extension approach. The importance of group activity for over-
coming diffusion barriers declines when groups already possess optimal group management 
routines, for example through external facilitation. The lack of significant effects of Model 2 
in Mongorion supports this interpretation. This fact indicates that group facilitation, vis-à-vis 
group activity, is the more powerful mechanism to manage group heterogeneity and to over-
come diffusion barriers. 

Group activity has proved to mediate the relationship of group homogeneity and innovation 
diffusion in Abraha Atsbaha, too. However, the beneficial effect largely extends to homoge-
neous, not heterogeneous, groups. The reason is that the high absolute level of group homo-
geneity in Abraha Atsbaha in fact represents a diffusion barrier (cf., for example, Rogers 
2003:362). Under the conditions of the group extension approach, increasing group activity 
provides the opportunity to the group members to interact with outsiders such as extension 
agents and the members of other groups, to get exposed to new ideas and information, and 
thus to overcome the negative consequences of uniformity. 

 

Hypothesis 4 shall be tested using data on group climate that have been acquired during the 
household interviews. Because the literature review has not yielded tested survey items used 
to operationalize the motivation, identification, communication, commitment and involvement 
dimensions of group climate, these items had to be constructed and pre-tested during the field 
research. A total of 20 positively and negatively poled survey items that used three-level 
Likert-scales have been utilized (see Annex 2). From the survey items, a normalized mean 
score has been calculated for each group climate dimension, which ranges between 0 and 1 
with 0 representing most negative evaluations of group members (all answers maximum nega-
tive) and 1 representing the most favorable appraisal (all answers maximum positive). Cron-
bach’s alpha, a measure of indicator reliability, reaches values between 0.88 in Abraha Ats-
baha and 0.49 in Bola Buta. Accepting the commonly used threshold of 0.70, the indices thus 
can be regarded as sufficiently reliable in Mongorion and Abraha Atsbaha. The findings from 
Wote and Bola Buta, however, require more cautious interpretation. The particularly low al-
pha value for Bola Buta can mainly be attributed to the fact that of the 20 survey items, 13 
could not be applied to the context of informal groups and the prevalent conditions of group 
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activity, such as the lack of formalized group leadership or work plans etc. Table 24 presents 
the average group-level scores of group climate dimensions in the study area. 

Table 24: Average group-level scores of group climate dimensions in the study areas 
Mongorion Wote Bola Buta Abraha Atsbaha Group climate 

dimension Mean N σ Mean N σ Mean N σ Mean N σ 

Motivation 0.82 111 0.05 0.79 297 0.05 0.89 215 0.02 0.70 145 0.05
Identification 0.80 111 0.07 0.83 297 0.05 0.81 215 0.02 0.82 145 0.04
Communication 0.73 111 0.05 0.76 297 0.03 0  0.66 145 0.07
Commitment 0.77 111 0.08 0.71 297 0.05 0.86 215 0.01 0.47 145 0.04
Involvement 0.69 111 0.08 0.91 297 0.04 0  0.59 145 0.06

Mean score 0.76 0.80 0.85 0.65 
Cronbach’s alpha 0.88 (Abraha Atsbaha), 0.73 (Mongorion), 0.61 (Wote), and 0.43 (Bola Buta). Source: Field 
research (2007) 

The survey revealed that the group climate has generally been evaluated favorably by most 
respondents. Nevertheless, the appraisals of group climate differ significantly between the 
study areas (statistics not shown). The farmers’ motivation to participate in their groups 
reaches highest levels in Bola Buta (average score of 0.89). This well reflects the entirely vol-
untary and self-initiated character of group activity in this village and, in addition, the signifi-
cant importance that the groups possess for the farming business and well-being of the inter-
viewed households. Member motivation is comparatively low in Abraha Atsbaha (0.70), 
which is likely a consequence of the governmentally imposed group structures and activities. 
Farmers in all villages generally identify strongly with their groups. The average identifica-
tion scores do not differ much between the case studies (scores between 0.83 and 0.80). How-
ever, evaluations are comparatively heterogeneous in Mongorion and Wote as indicated by 
the higher standard deviations. Average communication scores range between 0.76 (Wote) 
and 0.66 (Abraha Atsbaha). Communication activity thus is the group climate dimension rated 
least favorably. Member commitment is the dimension that most drastically differs between 
the case studies. Whilst members of farmer groups in Mongorion, Wote and Bola Buta consis-
tently rate commitment above values of 0.70, the score reaches a level of 0.47 and thus, a 
slightly negative evaluation, in Abraha Atsbaha. This fact, too, can be interpreted as a conse-
quence of the self-initiated vs. externally imposed character of farmer groups in the study ar-
eas. Finally, farmer groups in Wote are characterized by relatively high levels of farmer in-
volvement and thus, democratic leadership and group decision-making, whereas farmer 
groups in Mongorion, and much more in Abraha Atsbaha are largely characterized by exter-
nally imposed leadership and lower levels of member involvement. In general, group climate 
has been evaluated most favorably by farmers in Bola Buta (mean score 0.85) and least fa-
vorably in Abraha Atsbaha (mean score 0.65). Compared to Mongorion, group climate ap-
praisals are slightly more favorable and more homogeneous in Wote. The influence of group 
activity and group climate on innovation diffusion is illustrated in Box 5.  

Box 5: Influence of group activity and group climate on innovation diffusion in groups – Mongorion 

‘Reper Youth’ and ‘Sengwet Women’ groups have both been established in 2003 in Poroswo and 
Mongorion villages on initiative of individual farmers. Group establishment in both cases had been trig-
gered by the promise of public funds made available for group projects after the District Development 
Fund had been legislated and the respective budgets had been designated at constituency level. Assisting 
members to upgrade their socio-economic status constitutes the formal objective of both groups. 

The Reper Youth group has been formed from eleven neighbors and kin aged between 29 and 34 years 
who have been circumcised together and since then form a lifelong age set according to the Pokot cus-
toms. The majority of members have got married and established their own households two to three years 
ago. At the instigation of Pius A., the group’s secretary, the members have adopted group statutes and a 
work plan and also registered their group at the Social Services Department right after group inception. 
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Group members meet regularly to collect small amounts of money, which has already been disbursed to 
two group members who wanted to purchase a goat and a small plot of farm land, respectively. The group 
members have also started to jointly construct a wooden chicken coop after the agricultural development 
agent had provided initial advice. An application for a development grant to purchase breed chicken has 
been accepted by the district authorities. Hence, the group members are enthusiastic about their achieve-
ments and currently discuss plans of how to develop and diversity their group activities in future. 

The Sengwet Women group has been formed from neighbors and relatives and consists of seven members 
aged between 29 and 59 years. The group is being chaired by Elizabeth L., a 32-year old female farmer 
whose husband has left a couple of years ago and who since then has been taking care of her six children 
and the farm alone. In addition to her preoccupation with the struggle for daily livelihood that does not 
leave much room for group affairs, Elizabeth and some other members of her group do not seem to be un-
reservedly dedicated towards the Sengwet group as illustrated by their simultaneous participation in up to 
four other farmer groups. The Sengwet group, consequently, still lacks formal bylaws, a work plan and 
official registration. Member meetings have so far been conducted only sporadically. More importantly, 
members still disagree on the major activities the group shall pursue. Few members are in favor of ordi-
nary Harambee meetings, whereas others advocate joint handicrafts, the establishment of a milling busi-
ness or home gardening as major group activities. Members openly admit that the group had mainly been 
installed to attract donor funding. Given the comparatively poor group performance and low degree of ac-
tivity, however, the group members have not yet been able to secure external funds.  

Figure 8 presents the member networks for the Reper and Sengwet farmer groups. 

Figure 8: Network of the Reper 
Youth (left) and Sengwet 
Women group (right). The 
networks only contain relation-
ships more frequent than “week-
ly visits”. White nodes indicate 
average group climate appraisals 
below 0.75 (unfavorable), grey 
between 0.75 and 0.85, and black 
above 0.85 (very favorable). 

As indicated by the network graphs, both groups are characterized by frequent and tight relationships 
among their members (note that only strongest relationships are shown). Members of both groups visit 
each other frequently and use many opportunities to interact with each other. Network density reaches 
0.65 for the Reper and 0.79 for the Sengwet group. Cohesion is slightly higher for the youth group (0.66), 
but still reaches a value of 0.43 for the Sengwet Women group indicating that almost half of all theoreti-
cally possible network links are of mutual character. Notwithstanding the close interaction of members in 
both groups, the members’ appraisals of group climate divert significantly between both groups. In gen-
eral, the majority of members of the Reper group reach at highly favorable or favorable appraisals of 
group climate (total average group climate score of above 0.75), while most of the Sengwet members ex-
pressed disappointment with their group (total average group climate score of below 0.75, see Figure 8). 
The youth group members are markedly more interested in their group (average interest score of 0.87 as 
compared to 0.70 for Sengwet), show higher group identification (0.81 as compared to 0.67), more active 
communication (0.78 as compared to 0.62), higher commitment (0.85 as compared to 0.63), and higher 
levels of involvement (0.78 as compared to 0.45 for Sengwet).  

Despite the smaller size of the Sengwet Women group and largely insignificant socio-economic differ-
ences between both groups, the majority of innovations under study have disseminated better and more 
effectively among the members of the Reper Youth group. Only three relatively simple technologies, viz. 
intercropping, pruning and direct sowing, have been more widely, more fully and/or more rapidly adopted 
by the members of the women group. The fact that the topology of the networks does not offer a satisfac-
tory explanation of the dissimilar diffusion pattern points at the key importance of group activity and 
group-level processes for innovation diffusion. In contrast to the Reper group whose members share a 
common interest in group success and thus frequently interact involving all other group members, the 
group does not form a platform for significant member interaction in the case of the Sengwet Women 
group. Exchange among members thus is more individualized and mainly confined to the dyadic level in 
the women group. In rare cases of group-level interactions (e.g. during one of the sporadic group meet-
ings) these are largely characterized by a negative atmosphere, unresolved conflicts and disappointment. 
Both facts likely impede the diffusion of innovations in the network of the Sengwet Women group. 

Source: Field research (2007) 
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To quantitatively test hypothesis 4, the indicators of group climate and the socio-economic, 
network structure and extension-related control variables specified above shall be regressed 
against the three indicators of innovation diffusion (Table 25). The statistical model has been 
applied towards the entire set of innovation-specific socio-centric group adopter networks 
already used to test hypotheses 2 and 3. The complete regression tables are provided in Annex 
4. 

Table 25: Strength and direction of the associations between group climate and innovation diffusion 
Mongorion Wote Bola Buta Abraha Atsbaha Group  

climate  
dimension Level Time Spread Level Time Spread Level Time Spread Level Time Spread

Motivation - +** +** + +* +    - -** -** 
Identification    - - -**    +* + +** 
Communictn.    +* +** +**    - -** -** 
Commitment    - -** - +** + +** - +** -** 
Involvement + +** +** -* -* -*    - +* +** 

*/ **Significant at 0.05 and 0.01 as indicated by multivariate regression analysis. Source: Field research (2007) 

The coefficients of determination vary between 0.05 and 0.99. Due to limited variability and a 
partial lack of data, out of the five group climate dimensions only one and two significantly 
contribute to the regression model in Bola Buta and Mongorion, respectively, whereas all five 
dimensions are of relevance in Wote and Abraha Atsbaha.  

The table shows that, leaving statistically insignificant associations aside, member motivation 
and involvement are not clearly related to innovation diffusion in Mongorion. Innovations 
disseminate more slowly but to a larger proportion of group members in farmer groups char-
acterized by high motivation and involvement scores.  

Member motivation, due to its positive significant relation to the Time indicator, is negatively 
related to effective innovation diffusion in Wote. Similarly, identification of members with 
their group is negatively associated with innovation diffusion as indicated by its negative rela-
tion with the proportion of adopters among group members. Member involvement, too, relates 
negatively to innovation diffusion as shown by the lower average adoption level and the lower 
proportion of adopters in groups characterized by high member involvement. In contrast, 
higher levels of communication and member commitment facilitate innovation diffusion as 
witnessed by a higher average adoption level and more even innovation spread in groups of 
high communication activity, and more rapid innovation diffusion in groups characterized by 
high commitment scores, respectively. 

Member commitment clearly facilitates innovation diffusion in Bola Buta given the fact that 
innovations disseminate more fully and more homogeneously in groups characterized by high 
commitment scores. The same holds for member identification in Abraha Atsbaha, whereas 
member commitment clearly negatively relates to innovation diffusion as indicated by slow 
diffusion and low proportions of adopters among group members in high-commitment groups. 
The motivation, communication and involvement dimensions are not clearly related to inno-
vation diffusion in Abraha Atsbaha. Groups of higher member motivation and communication 
are characterized by more rapid but more uneven innovation spread, and innovations dissemi-
nate more slowly but more evenly in groups characterized by high involvement scores. 

Using the operationalizations of the group climate developed for the current investigation, the 
quantitative analysis thus largely does not provide support for hypothesis 4. Favorable group 
climate appraisals do not clearly facilitate innovation diffusion in Mongorion (hypothesis re-
jected). Only few of the group climate dimensions are positively related to innovation diffu-
sion, whereas the majority of dimensions are negatively or not clearly related to the diffusion 
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process in Wote and Abraha Atsbaha (hypothesis largely rejected). Group climate tends to be 
positively related to innovation diffusion in Bola Buta (hypothesis partly verified); however, 
given the low indicator reliability the result must be suspected as being of limited trustworthi-
ness. Table 26 summarizes the tests of hypothesis 4: 

Table 26: Empirical evidence to test hypothesis 4 
 Mongorion Wote Bola Buta Abraha Atsbaha 

Group climate on average is 
rated… 

…less favorably 
(high member 
motivation, identi-
fication, commu-
nication and 
commitment; low 
involvement) 

…favorably 
(highest identifica-
tion, communica-
tion, and involve-
ment; high com-
mitment; medium 
member motiva-
tion) 

…very favorably 
(highest member 
motivation and 
commitment; high 
identification) 

…least favorably 
(high identifica-
tion; lowest moti-
vation, communi-
cation, commit-
ment, and in-
volvement) 

Qualitative evidence (Box 5) Groups of low activity are likely characterized by a lower degree of group-
level interaction and less favorable group climate, which both impede the 
diffusion of innovations in the group network (example from Mongorion) 

Effect of group climate on in-
novation diffusion 

Member motiva-
tion and involve-
ment are not clear-
ly related to inno-
vation diffusion 

Communication 
and member 
commitment are 
positively, and 
member motiva-
tion, identification 
and involvement 
are negatively 
related to innova-
tion diffusion 

Member commit-
ment is positively 
related to innova-
tion diffusion 

Identification of 
members is posi-
tively, member 
commitment is 
negatively, and 
motivation, com-
munication and 
involvement are 
not clearly related 
to innovation 
diffusion 

Hypothesis 4 rejected largely rejected partly verified largely rejected 
Source: Field research (2007) 

Despite the clear empirical proof of hypothesis 4 provided in the qualitative description in 
Box 5, the results of the quantitative analyses do not support the hypothesis. Nevertheless, a 
number of generalizations can be inferred. First, in their current form, the group climate indi-
cators seem well to reflect the particularities of main internal factors and external frame con-
ditions affecting groups. For example, group climate is generally rated more favorably in 
farmer-initiated than in authority-initiated groups, and in self-administered groups as com-
pared to extension groups. Increasing degrees of group ownership and member influence thus 
clearly correlate with a favorably rated group climate. High member commitment in Wote and 
Bola Buta are an expression of the explicitly defined and strictly imposed group rules in Wote 
(see Box 1) and the strictly reciprocal character of labor exchange in Bola Buta. Low member 
involvement can be interpreted as the direct consequence of the interference of the extension 
agents in group decision-making.114 Low member motivation results from the quasi-
obligatory group membership in Abraha Atsbaha. 

Second, the lack of a clear association of group climate indicators and innovation diffusion in 
Mongorion, and for three of the five indicators in Abraha Atsbaha may be interpreted as an 
indication of the largely persuasive nature of the group-oriented extension interventions in 

                                                 
114 This does not necessarily mean that extension agents disempower group members by stipulating the group 
decisions to be made. However, due to the need for effective group processes arising from the output-orientation 
of the extension interventions, group decisions are more likely to be made authoritatively by the group board 
without comprehensive, and often lengthy, member involvement. 
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these villages. Whether group members are highly motivated to participate in their groups or 
not, whether they actively or poorly communicate, and whether they have been involved in 
group decision-making or patronized by board members and extension agents does not actu-
ally affect the diffusion of innovations as long as the extension agents address all groups 
equally, and as long innovation adoption is largely pushed forward by external agencies. To 
put it more positively, the ubiquity of extension services in Mongorion and Abraha Atsbaha 
ensures that innovations do also disseminate in groups characterized by less favorable group 
climate. 

Third, in Wote and Bola Buta where the availability of extension services to groups is limited 
and the effect of group climate is thus not blurred by external facilitation and influence, the 
true potential of group processes for innovation diffusion is revealed. Communication and/or 
commitment have turned out to be crucial success factors of innovation diffusion in both vil-
lages. While the positive effect of intensive communication lends considerable weight to the 
premise of diffusion by contagion that guided the current research (see Chapter 2.4), member 
commitment, i.e. the responsibility, devotion and loyalty of members towards their group 
must be regarded as the group climate dimension that most clearly separates successful from 
unsuccessful farmer groups.  

Fourth, measured against the high absolute level of member involvement obtained for Wote, 
the negative relationship of involvement and innovation diffusion illustrates that member par-
ticipation and democratic leadership do not per se facilitate group performance. The result 
suggests that, in order to disseminate innovations effectively, farmer groups rather do need 
some form of effective leadership that keeps lengthy discussions and tough processes of con-
sensus building within bounds, that presses for necessary decisions, and that responsibly 
steers the development of the group. Against this background, the interference of extension 
agents in group decision-making in Mongorion and Abraha Atsbaha seems to be one of the 
ingredients of success of the group extension approaches. 

Fifth, the positive effect of member identification and innovation diffusion in Abraha Atsbaha 
largely results from the fact that farmer groups mainly perform communal activities in this 
village. When group members do not expect other members to contribute equally sincerely 
toward group outcomes, they tend to lower their own efforts thus reducing overall group per-
formance. This phenomenon has been described as social loafing in the group research litera-
ture (e.g. Kerr 1983). The results suggest that the development teams in Abraha Atsbaha are 
particularly prone to social loafing because they lack effective mechanisms to socially control 
member work contributions. High levels of member identification, thus, indicate lack of social 
loafing and a group climate of trust, which facilitates more effective innovation diffusion. In 
contrast, group activities mainly benefit individual group members in Mongorion, Wote and 
Bola Buta. 

Finally, the negative effect of member commitment on innovation diffusion in Abraha Ats-
baha can be easily interpreted when taking into account the quasi-compulsory membership in, 
and the rigid, top-down administration of the development teams. The data suggest that 
groups, which handle member obligations such as attendance of group meetings more flexibly 
and therefore are characterized by lower commitment scores, generally benefit from a more 
relaxed group atmosphere that facilitates open and unreserved member interaction and inno-
vation diffusion. 

In general the results have illustrated the volatile and highly context-specific nature of group 
processes. The findings suggest that, more than through group activities and member interac-
tions, the group climate is shaped by influences and conditions external to the group, the most 
important of which, in the context of the current research, constitute the interventions of the 
extension agencies in two of the four case study areas. Thus, whether or not certain group 



The influence of group homogeneity, group activity, and group climate on innovation diffusion  

 

 90 

climate dimensions facilitate innovation diffusion largely depends on the practical embedded-
ness of the farmer groups in the over-all extension strategy. However, future research will 
have to further improve the reliability of the group climate-related research instruments in 
order to better understand the interaction of group processes, extension interventions and in-
novation diffusion. 
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8 Synopsis: Reflections, conclusions and recommendations 

8.1 General remark 
The analyses presented in the previous three chapters have consecutively addressed the three 
domains the influence of which on innovation diffusion has been emphasized by the multi-
pathway model of innovation diffusion presented in Chapter 2.6: (a) the effectiveness of in-
novation diffusion via the group and non-group pathways; (b) the impact that major external 
factors, such as the extension system, have on diffusion effectiveness in farmer groups; and 
(c) the group-level determinants of effective innovation diffusion, viz. group homogeneity, 
group activity and group climate. The elaborations in the preceding chapters served to empiri-
cally test the hypotheses inferred from the model, to discuss the findings and to highlight a 
number of conclusions that emerge at the level of each domain. It is the purpose of this final 
section to integrate the individual findings into a more holistic perspective on the contribution 
of farmer groups in the diffusion of innovations by synthesizing the major research results and 
the conclusions derived thereof, as well as by highlighting major inferences pertaining to the 
level of theory. At the same time, the chapter aims to point at the conceptual and methodo-
logical limitations of the current research and to derive recommendations for future research 
and extension work. 

 

8.2 Recapitulation of major results and conclusions 
Innovation adoption by farmers and their involvement in social relationships are associ-
ated 
The qualitative in-depth description provided in Box 2 has shown that farmers who are em-
bedded in more diverse and larger social networks are more likely to adopt the innovations 
under study. Quantitative evidence suggests that there exist statistically significant associa-
tions between the innovation adoption behavior of ego and of his peers (Chapters 5 through 
7). In addition, innovations have been demonstrated to partially disseminate independently 
from the intervention of extension agencies. For example, innovations disseminate through 
farmers’ non-group pathways that are not affected by extension services (Chapter 5); innova-
tions spread among farmers in contexts of strong and weak extension alike (Chapter 6); and 
local innovations that are not promoted by extension agencies nevertheless diffuse among the 
community (Chapter 6). All of these facts provide circumstantial evidence of ‘farmer-to-
farmer’ horizontal knowledge transfer. Thus, the results presented in this dissertation indicate 
clear support for the premise of innovation diffusion via the mechanisms of relational prox-
imity. It can be concluded that 

 Farmers’ social relationships effectively convey the information, knowledge, attitudes 
and other forms of social influence that are required to shape their individual adop-
tion decisions. 

 

Innovations disseminate more effectively through the cohesive networks of farmer 
groups vis-à-vis non-group pathways 
The comparisons of the strata of group members and non-members, as well as of the group 
members’ group networks vis-à-vis their non-group networks with regard to the effectiveness 
of innovation diffusion (Chapter 5) have revealed that, in general, innovations tend to dis-
seminate more effectively in farmer groups. In full accordance with the prediction made by 
hypothesis 1, the qualitative evidence provided in Box 3 illustrates that in particular the diffu-
sion of complex innovations is enhanced by such groups, because the cohesive relationships 
between the group members foster a climate of trust and mutual dependency, which better 
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transmits the information, persuasive forces and other social influences required to shape a 
favorable attitude towards complex innovations, and ultimately lead to the adoption decision. 
Yet, the quantitative analyses do only partially corroborate this finding, as complex or moder-
ately complex innovations in some cases fail to disseminate significantly better through 
farmer groups; and less complex technologies consistently disseminate more effectively 
through group networks. The results of the quantitative analyses are largely consistent for 
three of the four investigated study areas, viz. Mongorion, Bola Buta and Abraha Atsbaha. 
From these facts the following conclusion emerges: 

 Cohesive social relationships that effectively convey the information and social influ-
ences required to form the individual adoption decision are the major precondition for 
the dissemination of simple innovations. In contrast, in order to successfully spread 
among farmers complex technologies require additional preconditions to be fulfilled. 

A structural explanation of the divergent diffusion effectiveness of farmer groups in Wote has 
been offered. While the group networks in Mongorion, Bola Buta and Abraha Atsbaha consist 
of relationally weak ties (e.g. less frequent interaction with socially and geographically more 
distant peers) that at the same time are structurally strong (e.g. characterized by cohesive, i.e. 
largely mutual relationships115), group networks are both relationally and structurally weak 
and thus, of limited cohesiveness in Wote. The lack of group-oriented extension services con-
tributes to aggravate this problem. As a consequence, complex innovations tend to be more 
effectively disseminated via the structurally stronger and more cohesive information and ex-
change networks in the latter village. Hansen’s (1999) and Liu et al.’s (2005) concepts of 
‘search’ and ‘innovation’ versus ‘transfer’ and ‘imitation’ mechanisms of innovation diffusion 
and related theoretical notions have been referred to in order to discuss this finding (see Chap-
ter 5). These results allow drawing the following conclusions: 

 The dimorphic character of the group networks, which combines the bridging effect of 
‘weak ties’ and the bonding effect of ‘strong ties’, provides the main explanation of the 
diffusion effectiveness of farmer groups. 

 Facilitating the emergence of cohesive relationships among the members of a farmer 
group through, for example, intensifying member interaction, aiding conflict resolu-
tion, and fostering a climate of trust and mutual obligation among the group members, 
constitutes a central contribution of the group-oriented extension services to foster the 
diffusion of innovations among farmers. 

In addition to the lack of group facilitation, two aspects appear to be the main reasons under-
lying the lack of cohesive relationships in farmer groups in Wote. First, Wote is the study site 
with the by far highest proportion of multiple group memberships (cf. Chapter 4.4). Given the 
fact that some of the groups are more important to the households than others, respondents in 
Wote do not maintain equally cohesive links to all the groups they participate in. Second, 
more than in the other study villages, farmer groups in Wote have been established for the 
opportunistic reason of attracting donor funds. Unless funding is secured, the actual activity of 
such opportunistic groups often remains low (see Box 5). As a consequence, members of such 
groups are not likely to closely cooperate, and cohesive links thus cannot easily emerge. 
These findings point at the following conclusion: 

                                                 
115 Note that the structural strength of group networks is not reflected in the quantitative indices in Bola Buta, 
given the aggregation of individual group networks to only one Dabo and Gelgele network in this village. Yet, 
the strictly reciprocal character of the labor sharing events compels to conclude that farmers’ relationships in 
their group networks are by far more cohesive than their information and exchange relations. 
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 Besides group facilitation that aims to increase group cohesiveness, favorable regula-
tory and organizational frame conditions are another major prerequisite for effective 
farmer groups to emerge. The fragmentation of loyalties towards multiple groups and 
member disaggregation in groups formed for opportunistic reasons are pertinent ex-
amples. 

 

Intensive and group-oriented extension services best foster innovation diffusion among 
farmers 
Box 4 illustrates that direct exposure to extension advice considerably enhances the adoption 
of innovations by farmers. In full accordance with hypothesis 2, the cross-case analysis in 
Chapter 6 has revealed that innovations tend to disseminate more effectively among farmers 
under intensive extension interventions, i.e. when the extension services provided are strong, 
when the extension agents address farmer groups rather than individual farmers, and when the 
groups are facilitated, or even initiated, by the extension agencies, among other factors. The 
quantitative analyses conducted at the level of individual case studies have found the relation-
ship of extension intensity and innovation diffusion to be moderated by the predominant ex-
tension approach. While more intensive extension leads to increased innovation diffusion in 
contexts of the group-oriented extension in Mongorion and Abraha Atsbaha, increasing the 
intensity of the individual extension services embraced in Wote and Bola Buta does clearly 
not promote innovation diffusion among farmers. This finding indicates that, although the 
target farmers in the latter villages might actually benefit from intensified individual exten-
sion services, the information, technical advice, or inputs additionally provided do not trickle 
down to the majority of farmers who have no direct access to the services provided by the 
extension agents. Thus, the following conclusions can be drawn: 

 Lack of access to extension information, technical advice, farm implements, credit and 
other inputs provided through extension services appears to be a crucial bottleneck 
and limitation to innovation adoption in the study villages. 

 Enhancing the horizontal farmer-to-farmer knowledge exchange and the flow of social 
influences within the community in order to foster self-sustaining innovation diffusion 
requires increasing the intensity of (group) extension services available to and benefit-
ting a considerable proportion of the target population. 

The positive associations of extension intensity and innovation diffusion and the fact that pro-
ject and authority advice provide the major adoption impetus in Mongorion and Abraha Ats-
baha (Chapter 6); the observation that the persuasive effects of extension exposure override 
the barriers to innovation diffusion resting in network topology (Box 4); and the type and 
level of sophistication of the innovations promoted by the extension agencies (Chapter 4.3), 
among other facts, point at the largely persuasive nature of the extension work in the four 
study areas. Lack of farmer orientation and the reproach of strategically manipulating farm-
ers’ behavior in order to meet national policy or project objectives are among the major criti-
cisms directed towards persuasive technology transfer (e.g. Leeuwis & van Ban 2004:35). 
However, it has not been the aim of the current investigation to evaluate the appropriateness 
and to assess the impacts of the prevailing extension paradigms. Despite the heterogeneity and 
diversity of extension approaches adopted in the case study regions, truly participatory and 
non-persuasive extension approaches have not been observed in the sample of case studies 
investigated. Given this fact, the apparent effectiveness of the extension work in the study 
areas cannot be interpreted as general support for the persuasive paradigm of technology 
transfer.  

Apart from this, another aspect emerges in relation to the nature of extension work in the four 
study areas. As a consequence of the limited reach of the extension services in Wote and Bola 
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Buta, a considerable proportion of households in both study areas are cut off from the persua-
sive extension services. Reiterating some of the argument made above, innovations neverthe-
less disseminate effectively in absence of strong extension services in both villages (Chapter 
6). It seems, thus, reasonable to conclude that 

 Farmer-to-farmer transfer of information and social influences through their social 
relationships is effective under both persuasive and non-persuasive technology trans-
fer. 

 

Increased group activity can overcome diffusion barriers that arise from less favorable 
group composition 
Contrary to the proposition made by hypothesis 3.1, innovations have mostly failed to prove 
to better disseminate in more homogeneously composed farmer groups in the case-wise 
analyses. Despite the methodological difficulties with regard to the transfer of findings across 
different case studies, this result has been interpreted against the background of the dissimilar 
levels of absolute group homogeneity in the study villages. While innovations tend to better 
disseminate in more heterogeneous groups in the context of highest group homogeneity in 
Mongorion and Abraha Atsbaha, innovations have been shown to disseminate more effec-
tively in relatively homogeneous groups in Bola Buta, where the farmer groups, on average, 
are most heterogeneously composed. In the context of intermediate levels of group homoge-
neity such as in Wote, innovations equally effectively disseminate through homogeneous and 
heterogeneous farmer groups. These observations led to conclude that intermediate absolute 
levels of group homogeneity best facilitate the diffusion of innovations among the group 
members. Reference has been made to literature sources in order to discuss and support this 
interpretation (Chapter 7). 

The test of hypothesis 3.2 has revealed that increasing group activity clearly modifies the ef-
fect of group homogeneity on innovation diffusion effectiveness. With the exception of 
Mongorion, increased group activity considerably improves the diffusion of innovations in 
those groups, which are least effective. This fact lends clear support to the proposition that 
diffusion barriers that root in an unfavorable group composition, i.e. too heterogeneous or 
homogeneous configurations alike, can effectively be overcome by increased group activity. 
This fact has also been illustrated in the qualitative group descriptions provided in Box 5. The 
lack of support for the hypothesis in Mongorion has been interpreted as a manifestation of the 
strong facilitative influence of extension agents on the performance of farmer groups in this 
study area. Thus, the following can be inferred: 

 In addition to a cohesive group structure, group activity is a second major, yet slightly 
weaker mechanism to foster innovation diffusion in farmer groups. Both mechanisms 
can be effectuated through facilitation of farmer groups by extension agents. 

 

Member commitment is the group climate dimension most consistently related to the 
effectiveness of innovation diffusion in farmer groups 
Despite the limited reliability of the group climate measures in two of the four case studies, 
the indicators used to operationalize hypothesis 4 seem well to reflect the particular situation 
of the farmer groups in each study area. Member commitment, i.e. the responsibility, devotion 
and loyalty of members towards their group, has proved to be consistently positively related 
to effective innovation diffusion in the two study sites not affected by the intervention of ex-
tension services in group affairs. The negative effect of member commitment on innovation 
diffusion in Abraha Atsbaha has been interpreted as a result of the very rigid and inflexible 
group governance approach adopted in this village. Yet, contrary to the expectation expressed 
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in the hypothesis, and in contrast to the qualitative evidence provided in Box 5, a number of 
group climate indicators are not consistently or even negatively related to effective innovation 
diffusion in the quantitative analyses (Chapter 7). The strength and ubiquity of the group ex-
tension services provided in Mongorion and Abraha Atsbaha have been offered as one likely 
explanation for the lack of clear associations between the variables in both villages. It has 
been argued that the actual group climate does not affect the diffusion of innovations as long 
innovation adoption is largely pushed forward by extension agencies and as long as the exten-
sion agents address all groups equally. Hence, the following conclusions can be derived: 

 Besides difficulties to reliably measure the group climate variable, the conceptual 
complexity of the variable and its heteromorphic interactions with other factors are 
the main reasons why a simple and straight-forward association with innovation diffu-
sion that is equally consistent along all its conceptual dimensions does not emerge. 

 Strong group-oriented extension services can, at least in parts, compensate for any 
obstruction of the innovation diffusion process that may result from an unfavorable 
group climate. 

 

In summary, the current research has provided ample evidence to suggest that farmers, 
through their social relationships, actively exchange information, knowledge, social pressures 
and other forms of influence that are required to shape their individual adoption decision. It 
has been shown that these exchange processes take place independently from the prevailing 
extension services, i.e. under both persuasive and non-persuasive extension. It has been sug-
gested that the combination of characteristics attributed to ‘strong’ and ‘weak ties’, viz. rela-
tional weakness and structural cohesiveness, makes farmer groups generally being the most 
prominent pathways of innovation diffusion among the types of social networks investigated. 

It has been demonstrated that, in particular simple innovations disseminate effectively through 
the networks of farmer group, whereas more complex innovations require additional prerequi-
sites to be fulfilled in order to disseminate equally successfully. The results indicate that be-
sides a cohesive network structure, heightened group activity can foster innovation diffusion 
among farmers. Among the group climate dimensions, member commitment has been shown 
to most clearly separate successful from unsuccessful farmer groups. Yet in general, group 
climate appears to be too complex to be easily and consistently related to innovation diffu-
sion. 

Providing the extension services to farmer groups rather than individual farmers has been 
identified to be the more successful approach. This research work proposes that the effective-
ness of innovation diffusion in the group networks is under the direct managerial control of 
the extension agencies through at least one of the following three mechanisms: group-oriented 
extension services (a) facilitate the emergence of cohesive relationships among the group 
members, which in turn foster effective innovation spread; (b) have the potential to stimulate 
the activity of the farmer groups, which can compensate for less effective diffusion under un-
favorable group composition; and (c) partially compensate for diffusion disadvantages that 
result from an unfavorable group climate. This conclusion further augments the arguments 
made by Liu et al. (2005:257) and Newman & Dale (2007:87 f.), who suggest that diffusion 
processes and group performance can be promoted by actively manipulating network structure 
and group composition. 

Furthermore, the research results support the conclusion that lack of access to information, 
advice, inputs and other services provided by extension agents inhibits the diffusion of inno-
vations in the study areas. It has been shown that, while ‘farmer-to-farmer’ knowledge ex-
change also takes place in absence of extension services, enhancing the horizontal exchange 
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among farmers requires increasing the intensity of the extension services available to a con-
siderable proportion of the target population. Finally, it has been argued that favorable regula-
tory and organizational frame conditions are required for cohesive member relationships to 
emerge, and thus for innovations to disseminate effectively among farmers. 

 

8.3 Relationship between theory and findings 
The multiple-pathway model of innovation diffusion has been derived based on the profound 
review of four theoretic frameworks that are leading in the fields of innovation adoption and 
diffusion and small group research. Variables and indicators commonly used to explain the 
adoption and diffusion process and the performance of groups from the perspective of each 
theory have been examined, and the key influence domains and model elements that poten-
tially govern the innovation diffusion in farmer groups have been analytically derived. This 
approach of tailoring the theoretical framework to the specific requirements of the research 
question has proved highly adequate to the interdisciplinary character of the research subject. 
Yet, the interdisciplinary nature of the model necessarily entails the imperfection of limited 
thoroughness and depth, when viewed from the perspective of each individual theory. Theo-
retical completeness of the model could have been achieved only at the expense of its inter-
disciplinary and exploratory character. Thus, generalizations, simplifications and premises, 
though theoretically unsatisfactory, are the inevitable trade-offs of the knowledge gains gen-
erated by interdisciplinary research. 

Notwithstanding this criticism, the multiple-pathway model and the assumptions related to it 
have clearly proved their utility and suitability in the context of the current research. The 
strength of the model particularly results from the following three of its qualities: being rooted 
in multiple theories, being able to account for multiplex relationships, and facilitating multi-
level analyses. 

The empirical results presented in this dissertation have shown that individual and innovation-
related attributes, network-level factors, group processes, as well as context-specific variables 
all influence the diffusion of innovations among farmers to varying degrees. Relying on only 
one theory rather than the multi-theoretical model would have neglected major influence do-
mains and thus seriously compromised the validity of the research findings. For example, 
viewing farmer groups from the perspective of the social network theory would have disre-
garded the heteromorphic influence of group activity, group composition, and group climate 
on innovation diffusion; refusing to acknowledge the insights from diffusion of innovations 
theory would have likely resulted in omitting major extension-related and innovation-specific 
influence factors; and failing to take reference to the decision-making theory would have un-
derestimated the relevance of individual-level control variables. In addition to that, the multi-
theory review facilitated an informed selection of the theoretical mechanisms of innovation 
diffusion the current research has been premised on so as to best conform to the research 
question and the social reality in the study areas. 

The empirical findings have illustrated that, although farmer groups are the most effective 
diffusion pathways for a number of reasons, innovations disseminate among farmers through 
more than one social relationship, i.e. through a diverse set of several network types including 
information and exchange networks. This multiplexity of diffusion networks has appropriately 
been addressed by the proposed theoretic model. Limiting the investigation of innovation dif-
fusion to a singular network type as it is common in conventional diffusion research is likely 
to omit relevant routes of innovation spread and to result in less valid research findings. Yet, 
given the inappropriateness of applying the group process concept to the non-group networks, 
and the fact that the non-group networks do usually not constitute a target of extension inter-



Synopsis: Reflections, conclusions and recommendations  

 

 97

ventions in the study areas, parts of the analyses conducted in the current dissertation solely 
pertain to the group networks. However, because farmer groups have been the major research 
interest of the current investigation, this aspect does not impair the empirical utility of the 
model. 

The current research takes into account variables that originate from different analytical levels 
as commanded by the elements of the multiple-pathway model. Given the focus of the current 
research, farmer groups and social networks represent the major units of analysis. Relational 
analyses at the dyadic level have not been facilitated given the lack of independence of obser-
vations that would have seriously undermined the applicability of the statistical approach 
adopted. Yet, beyond the network level, innovation diffusion among farmers has been evalu-
ated at various levels of innovation complexity; membership in farmer groups and the effect 
of socio-economic control variables have been assessed at the level of individual households; 
and the effect of extension intensity on innovation diffusion has been analyzed at both the 
group and the case study levels. The model’s capacity to integrate the various analytical levels 
has thus greatly benefitted the current research. 

By providing a multi-theoretic foundation for the current research, by accounting for diffusion 
processes taking place via multiplex relationships, and by facilitating analyses at multiple 
levels the guiding model has addressed a number of shortcomings of traditional adoption, 
diffusion, and social networks research (cf. Chapter 2). Yet, not all of the criticisms pertaining 
to these research frameworks have been alleviated in the current dissertation. A number of 
weaknesses remain, providing the opportunity of further conceptual and methodological ad-
vancement.  

 

8.4 Limitations of the current investigation and directions for future research 
Inherent in the largely quantitative research approach and the foundational premises of the 
investigation, the type and quality of data acquired, and the constrained material and time 
resources available for fieldwork are a number of limitations that potentially restrict the pur-
view of the current research. These limitations shall be critically discussed below, and direc-
tions for further research work shall be provided.  

Premise of innovation diffusion via relational proximity not challenged: In accordance with 
the premise of innovation diffusion via relational proximity, a flow of information, social 
pressures, persuasive forces and other social influences is postulated to always take place 
when two farmers are connected to each other by a network link; and their adoption behavior 
is presumed to be the direct consequence of such links. Although the qualitative in-depth de-
scriptions provided in this dissertation partly aim to illustrate the plausibility of these pre-
sumptions, it has not been attempted in the current research to model the diffusion process at 
the level of dyadic relationships. Empirically testing the validity of the above premises in the 
context of the current investigation would have required a purely qualitative research ap-
proach, which aspires to reconstruct the history of past adoption events or to investigate the 
intrinsic motivations, attitudes and deep core values of potential adopters, for example. Such 
largely psychological research questions lie far beyond what has been possible to study in the 
current investigation; and these aspects would represent one of the topics of further research. 

Quantitative explorations not broken down to the level of individual innovations: Alleviating 
the biases inherent in most of the conventional diffusion research by studying the diffusion of 
innovations of a set of 22 diverse technologies rather than of single practices required a quan-
titative analytic approach capable of handling the great amount of data generated. Although 
the social network data underlying the analyses are innovation-specific, the plenitude and 
complexity of data did not facilitate data exploration and presentation of results at the level of 
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the individual innovation. The qualitative in-depth descriptions of individual households or 
farmer groups were intended to attenuate this shortcoming. Yet, the major strength of and 
justification for choosing the quantitative analytic approach constitutes its capacity to facili-
tate statistical generalizations from the data observed that extend beyond the level of idiosyn-
cratic cases, and which thus allow for a broad and integrative perspective on the diffusion of 
farm management innovations in farmer groups. Qualitative research should fill the remaining 
knowledge gap with regard to the innovation-specific diffusion patterns in farmer groups. 

Static research perspective: Whilst the static research perspective employed in the current 
investigation has been suited to reveal a number of significant findings, it poses a major limi-
tation to the current study as it does not allow for direct observation of the innovation diffu-
sion process over different points in time. A longitudinal research design would have allevi-
ated the need to rely on recall data for network and adoption events and facilitated a more 
fine-grained account of adoption decisions including pending, interrupted and resumed adop-
tion. Although highly desirable, such research approach by far exceeded the material and time 
resources available to the researcher. Intensive triangulation of recall data by observation and 
repeated probing of responses instead served to compensate for the methodological disadvan-
tages of the research design employed.  

Omission of variables originating from the rational choice paradigm: In full accordance with 
the research objective and the social network and group research paradigms, the current inves-
tigation focused on the social influences on innovation adoption. No attempts have been made 
to attribute individual adoption decisions to factors that are mainly rooted in the rational 
choice paradigm, such as the profitability of the innovations, household-level resource con-
straints etc. In addition to the paradigmatic incompatibility of such variables with the current 
research, the semi-subsistent nature of the farming systems and the largely conservational 
value of some innovations under study would have flawed monetary valuations and econo-
metric analyses. Nevertheless, omission of such factors represents a limitation of the current 
research. 

Only a fraction of existing social relationships studied: In order to account for the multiplex 
character of social networks, the non-group networks have been operationalized in this study 
by the two relations that are most likely to transmit the social influences relevant for innova-
tion adoption, viz. information and exchange networks. Yet, by making this choice a poten-
tially unlimited number of political, cultural and economic network relations have gone un-
considered that, in one way or another, may also affect the adoption decisions of individual 
households, e.g. affiliation to political organizations, customary age-sets, or leaseholder and 
obligee relations. Whilst thus, at least theoretically, a number of relevant peers and their influ-
ence on ego’s adoption decisions might have been overlooked, the space of ego’s contacts is 
limited in practice and the many network relations, therefore, necessarily overlap. Limiting 
the research to network relations that are theoretically grounded and causally related to the 
research question represents a commonly accepted strategy in social network studies and has 
been employed in the current investigation. Yet, studying the effect on innovation diffusion of 
network relations other than information and exchange, including the inhibiting effects of 
non-adopters’ negative appraisals, would represent a promising research field left to further 
investigations. 

Incomplete case study design: It has not been possible in the current research to fully imple-
ment the theoretically derived case study design (see Chapter 3.3). In particular, it has been 
impossible to study development teams in Ethiopia, which have been neglected by extension 
agencies; and informal farmer groups that are the addressees of extension advice. Whilst this 
limitation arises from the lack of theoretically delineated categories in practice, such groups 
might indeed exist in other areas that have not been studied in the current research. Including 
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such and further categories of farmer groups could potentially increase the scope and reliabil-
ity of findings and the purview of the generalizations made.  

Some factors beyond the faculty of quantitative research: The group climate variable, as op-
erationalized in the current research, has largely failed to reveal a consistent influence on in-
novation diffusion along its conceptual dimensions and across the four study areas investi-
gated. It appears that qualitative research is much better suited to grasp the heteromorphic 
influence of group climate on innovation diffusion in its entirety. Quantitative research, if 
anything, can add the insight that the complex interaction of largely socio-psychological fac-
tors such as group climate, perceived group history and future, the group’s external frame 
conditions and internal constraints, and its innovation diffusion performance is unique in each 
group and hardly amenable to quantitative analyses. 

 

8.5 Recommendations for extension practice 
In the current dissertation is has been shown that innovations disseminate in contexts of 
group-oriented vs. individual extension, and through group vs. non-group networks alike. Yet, 
farmer groups that are addressed and facilitated by the extension agents have been demon-
strated to be the most effective pathway of innovation diffusion. Based on the central insight 
generated that the innovation diffusion among farmers can, at least in parts, be controlled and 
manipulated through the interventions of the extension agents, the following recommenda-
tions directly emerge: 

- Rather than addressing individual households it is recommended that extension agen-
cies in the study region focus their resources to mainly deliver their services and ad-
vice to the formal or informal farmer groups that exist in their working areas, or 
which are to be initiated if such groups are lacking. Given the fact that the major task 
of rural development services in the region is still to popularize the adoption of com-
paratively basic technologies among culturally and socio-economically largely ho-
mogenous populations of subsistence farmers, group-oriented extension services are 
best suited to efficiently communicate the elementary technical messages to the large 
number of potential addressees. Simultaneously, group-oriented extension fosters in-
novation diffusion by considerably enhancing the farmer-to-farmer exchange of per-
tinent information, experiences and other social influences. So ensuring that the ma-
jority of the rural households have access to basic extension services through their 
farmer groups, additional specialist advice could be provided on request to individual 
households that belong to minor or marginalized subsections of the population, such 
as particularly vulnerable households or highly advanced farmer entrepreneurs. 

- The research revealed that, in contrast to the group-oriented extension approaches, 
intensified individual extension services have failed to foster self-sustaining innova-
tion diffusion. It has been argued that enhancing the horizontal knowledge exchange 
among farmers requires increasing the intensity of extension services available to a 
considerable proportion of the target population. Against this background it seems 
reasonable to recommend that, in order to utilize their resources most effectively, ex-
tension agencies in the study region increase the breadth of their extension coverage 
rather than the depth of their services. 

- Providing extension services to farmer groups rather than to individual farmers re-
quires the extension agents to have a set of particular methods and competencies at 
their disposal, among them moderation and conflict resolution tools and the skills to 
appropriately use them; awareness of the context and dynamic nature of member in-
teractions and group development and the capacity to adjust the extension interven-
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tion accordingly; and personal traits such as integrity, credibility and persuasiveness 
when addressing a larger audience. It is recommended that the extension agencies 
develop or appropriately adapt methods of group facilitation, and that they enable 
their staff to successfully deliver their services to farmer groups through regular 
trainings. 

- The research found that, while successful diffusion of comparatively complex inno-
vations requires a number of prerequisites to be fulfilled, such as intensive extension 
services, a favorable group composition etc., relatively simple technologies easily 
disseminate through cohesive social relationships and thus, tend to spread among 
farmers almost independently from the extension interventions. In order to improve 
the effectiveness of the extension services it is recommended that extension agencies, 
besides actively facilitating farmer groups in order to foster the emergence of cohe-
sive social relationships, mainly concentrate their efforts on promoting the relatively 
more complex innovations that are less likely to disseminate spontaneously. 

- Given the highly context-specific effect of these variables, the current research has 
not resulted in blanket recommendations concerning the optimal size, structure, or 
composition of farmer groups. Yet, it clearly emerges that the task of the extension 
agencies with regard to enhancing the innovation diffusion among farmers is to si-
multaneously facilitate and balance the two opposing mechanisms of structural cohe-
siveness and relational weakness of group networks. It is, therefore, recommended 
that extension agents encourage member interaction and group activity in order to 
foster a climate of trust, mutual dependency and cohesive relationships among the 
members; and that they, at the same time, enhance the group members’ exposure to 
new ideas by facilitating and encouraging the groups’ linkages with other groups and 
external sources of information, as well as by increasing group diversity through pur-
posively mingling farmers across the many social and spatial divides.  

- Although the factors governing the group climate variable are complex and hetero-
morphic, the current research has illustrated the importance of enabling external 
frame conditions. By setting the appropriate incentives, rural extension policy can 
contribute much to strengthen farmers’ initiative and motivation to participate in 
groups, to create conditions conducive to innovation diffusion, and to avoid groups 
to emerge purely for opportunistic reasons. Based on this finding it is recommended 
that extension support, in particular material inputs, should carefully be provided and 
primarily be channeled to proactive groups whose members have already taken sin-
cere initiative to accomplish development-related group goals without major external 
support. 

 

Given the obvious success of farmer groups with regard to the diffusion of farm technologies 
in the study areas it should become a central priority for extension services to work with exist-
ing farmer groups, to actively promote group establishment in settings where they are lacking, 
and to actively facilitate the groups in order to enhance the exchange of information, experi-
ences and social influences among farmers. In conclusion, this dissertation adds a plea for 
increased group extension, so as to further improve the rural extension services delivered to 
the farmers of Eastern Africa.  
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Annex 1 
The Network Density represents the proportion of links actually present in the network. For 
directed networks it is calculated according to the following formula (Wasserman & Faust 
1998:129): 

 
)1( −

=
gg
LD   (1) 

where 

D  represents the network density, 

L represents the total number of edges in the network, and 

g represents the number of nodes in the network. 

 

 

The Network Cohesion represents the proportion of mutual links in the network (Benta 
2003). It refers to the total number of mutual edges divided by the number of all theoretically 
possible mutual edges in the network. For directed binary networks it is calculated according 
to the following formula: 

 
)1(
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where 

C  represents the network cohesion, 

Lm represents the total number of mutual edges in the network, 
and 

g represents the number of nodes in the network. 

 

 

The actor-level Degree Centrality refers to the total number of outgoing edges divided by the 
number of network peers other than ego. For directed networks it is calculated according to 
the following formula (Wasserman & Faust 1998:199): 

 
)1(
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g
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C i
D

  (3) 

where 

C’D  represents the actor-level Degree Centrality, 

xi+ represents the out-degree of ego, i.e. the number of out-going 
edges, and 

g represents the number of nodes in the network. 

 

 

The network-level Degree Centralization quantifies the range or variability of the individual 
actor-level Degree Centrality indices. The measure refers to the out-degree (out-going ties). 
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For directed networks the index is calculated according to the following formula (Wasserman 
& Faust 1998:199): 

 
)²1(
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D

D
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where 

CD  represents the network-level Degree Centralization, 

CD (ni) represents the actor-level Degree Centrality indices calcu-
lated using the formula (3), 

CD (n*) represents the largest observed value of the individual actor 
Degree Centrality indices, and 

g is the number of network peers. 
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Annex 2 
20 Likert-scale items to operationalize the group climate variable (poling in parentheses): 

Motivation dimension: 

The group has already helped me to solve a pressing problem at my farm (+) 

The group cannot contribute much to improve my life (-) 

I was one of the first members who joined the group (+) 

I have joined the group because everybody else did so (-) 

 

Identification dimension: 

Some group members have tried to misuse the group for their own interest (-) 

If you ask the other group members who of us is most important for our group, they would 
probably say it is me (+) 

Often, my contribution was important to successfully accomplish the group activities (+) 

The group is mainly concerned with the affairs of few farmers and does not really reflect my 
interests (-) 

 

Communication dimension: 

Sometimes group meetings and activities had not been announced to me properly (-) 

Prior to our last meeting, I was not aware of the agenda of this meeting (-) 

It has happened that I came home later than anticipated from a group meeting due to heated 
discussions (+) 

Even when I opposed some group activities initially, I have been participating in their imple-
mentation eventually (+) 

 

Commitment dimension: 

When I was not able to attend the group meeting, I have always asked someone else to depu-
tize for me (+) 

At least one of our group members has already been punished because (s)he failed to attend 
our activities (+) 

When I was asked to take over group leadership, I had to refuse as I did not have time (-) 

I have occasionally evaded or skived off our group activities without excuse (-) 

 

Involvement dimension: 

Some of last year’s group activities have been suggested or initiated by me (+) 

The current work plan has not been adopted through a vote of all group members (-) 

Some of the past group activities I have not been participating in (-) 

My opinion had been considered before the latest group activity was undertaken (+) 
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Annex 3 
 

List of experts and key informants consulted during the reconnaissance research phase 
Name of the expert Date of the interview Function of the expert Subjects discussed 
Abay, Hailu 10. Feb. 2006 Head of Natural Resource 

Department, Rural De-
velopment Office, Wukro 
Woreda  

Extension work of the 
Rural Development Of-
fice 

Bugale, Aklilu 9. Dec. 2005 Head of Rural Develop-
ment Office, Lume Wo-
reda 

Extension work of the 
Rural Development Of-
fice 

Carucci, Volli Nov. 2005 MERET Program Offi-
cer, WFP Addis Ababa 

Extension work of the 
MERET 

Getachew, Salomon 15. Dec. 2005 Development agent in the 
Bola Buta Kebele 

Extension work, role of 
farmer groups 

Gidey, Gebremichael 5. Feb. 2006 Leader of the Abraha 
Atsbaha Kebele 

Extension actors and 
activities in the commu-
nity; history of the study 
villages; activity of 
farmer groups; factors 
that influence adoption 

Gutema, Kebede 20. Dec. 2005 Senior Expert, Extension 
Division, Oromia Bureau 
of Agricultural Develop-
ment 

Extension work of the 
Oromia Bureau of Agri-
cultural Development 

Hagos, Hailemariam 6. Feb. 2006 Development agent in the 
Abraha Atsbaha Kebele 

Extension work, role of 
farmer groups 

Johansson, Jan 5. Oct. 2004 VI Project manager, 
Kitale 

VI Program objectives, 
activities and history 

Kalemunyang, Rebecca 17. Nov. 2004 West Pokot District So-
cial Services Officer 

Regulations for group 
establishment, registra-
tion etc. 

Kithuka, Sarah 22. Feb. 2005, Wote Forest Extension Officer, 
Wote Division 

Extension approach 

Korir, Simon 10. Dec. 2004 West Pokot District De-
velopment Officer 

Harambee group activi-
ties and finance  

Macharia, John Karanga 25. Feb. 2005 INRMU Project Coordi-
nator 

Project activities and 
extension approach 

Mulonzi 20. Feb. 2005 Makueni District Social 
Services Officer 

Regulations for group 
establishment and regis-
tration; role of the Social 
Service Office 

Neumann, Martin 21. Dec. 2005 GTZ Project leader Project work and exten-
sion approach of SUN 

Ngoroge, Peter Ngenga 18. Jan. 2005 (Ass.) District Forest 
Officer, West Pokot Dis-
trict 

Governmental extension 
work 

Raphael 11. Feb. 2005 Secretary of Kyamusoi 
Water Project group 

Objectives, activities, 
history of the Kyamusoi 
Water Project group; 
activity of farmer groups; 
factors that influence 
adoption 

Rufi, Kebene 10. Dec. 2005 District Forest Officer, 
Lume Woreda 

Administrative and in-
digenous organizations, 
extension work 

Stanislan 10. Feb. 2005 WEEC Extension agent  Activities and extension 
approach of WEEC 
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Tefera, Tadesse 23. Nov. 2005 Successful farmer Dabo and Gelgele labor-
sharing groups, activity 
of farmer groups; factors 
that influence adoption 

van den Abeele, Jan 24. Jan. 2005 INRMU Team leader INRMU Program objec-
tives, activities, history, 
extension approach 

Yami, Minda 1. Dec. 2005 Previous leader of the 
Bola Buta Kebele 

Extension actors and 
activities in the commu-
nity; history of the study 
villages; activity of 
farmer groups; factors 
that influence adoption 

Yarakore, Stephen 7. Dec. 2004 Assistant Chief of Mon-
gorion sub-location 

Extension service provid-
ers in the study area; 
history of the study vil-
lages; activity of farmer 
groups; factors that influ-
ence adoption 
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Statistics referring to Table 12:  

Average level of innovation adoption: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 1.52 0.09 16.29 0.00 1.39 0.10 14.06 0.00 1.61 0.10 16.71 0.00 1.47 0.07 22.55 0.00
Network size 0.01 0.00 1.83 0.07 0.00 0.00 1.17 0.24 0.00 0.00 1.41 0.16 0.02 0.00 5.83 0.00
Cohesion -0.27 0.09 -2.96 0.00 -0.04 0.11 -0.41 0.69 -0.54 0.09 -6.29 0.00 -0.13 0.04 -2.86 0.00
Degree centrality 0.02 0.06 0.43 0.67 0.15 0.06 2.68 0.01 0.30 0.06 5.35 0.00 0.06 0.03 1.78 0.07
Centralization  -0.01 0.07 -0.17 0.86 -0.07 0.07 -1.02 0.31 -0.22 0.06 -3.57 0.00 -0.06 0.04 -1.60 0.11
HH size 0.00 0.01 0.62 0.53 0.00 0.01 -0.54 0.59 0.00 0.00 0.72 0.47 -0.01 0.00 -1.41 0.16
Age HH head 0.00 0.00 -1.20 0.23 0.00 0.00 2.55 0.01 0.00 0.00 0.53 0.60 0.00 0.00 -0.26 0.79
Education head  0.00 0.00 -0.53 0.59 0.01 0.00 1.91 0.06 0.01 0.00 1.84 0.07 0.00 0.00 1.37 0.17
Farm income 0.00 0.00 -0.60 0.55 0.00 0.00 -1.19 0.24 0.00 0.00 0.34 0.73 0.00 0.00 0.54 0.59
%Off-farm inc. 0.04 0.05 0.71 0.48 -0.02 0.05 -0.50 0.62 -0.06 0.06 -0.88 0.38 0.00 0.05 0.10 0.92
Residential status 0.03 0.05 0.62 0.53 -0.04 0.06 -0.57 0.57 -0.06 0.08 -0.84 0.40 0.05 0.02 1.96 0.05

  H
ig

h 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.00 0.03 0.14 0.89 0.00 0.04 0.07 0.94 0.00 . . . -0.04 0.07 -0.69 0.49
Intercept 1.48 0.08 19.17 0.00 1.35 0.09 15.42 0.00 1.26 0.06 20.40 0.00 1.61 0.06 26.31 0.00
Network size 0.01 0.00 3.76 0.00 0.00 0.00 1.15 0.25 0.00 0.00 -2.61 0.01 0.01 0.00 2.20 0.03
Cohesion -0.06 0.09 -0.64 0.52 0.02 0.07 0.30 0.76 -0.25 0.05 -4.66 0.00 -0.04 0.05 -0.73 0.46
Degree centrality 0.08 0.05 1.67 0.09 0.00 0.04 -0.08 0.94 0.04 0.04 1.21 0.23 0.01 0.04 0.18 0.86
Centralization  -0.01 0.06 -0.13 0.90 -0.01 0.05 -0.23 0.82 -0.07 0.04 -1.92 0.06 0.02 0.05 0.32 0.75
HH size 0.00 0.00 -0.14 0.89 -0.01 0.01 -1.98 0.05 0.00 0.00 -1.41 0.16 0.00 0.00 -0.11 0.91
Age HH head 0.00 0.00 -0.85 0.39 0.00 0.00 1.91 0.06 0.00 0.00 1.00 0.32 0.00 0.00 0.48 0.63
Education head  -0.01 0.00 -1.80 0.07 0.01 0.00 3.27 0.00 0.00 0.00 -0.12 0.90 0.00 0.00 -0.69 0.49
Farm income 0.00 0.00 -0.64 0.52 0.00 0.00 0.32 0.75 0.00 0.00 -0.37 0.71 0.00 0.00 -3.21 0.00
%Off-farm inc. 0.00 0.04 0.06 0.96 -0.06 0.04 -1.48 0.14 -0.02 0.04 -0.56 0.57 -0.11 0.05 -2.32 0.02
Residential status 0.05 0.04 1.23 0.22 -0.09 0.07 -1.39 0.17 0.02 0.05 0.45 0.65 0.05 0.02 2.18 0.03

  M
od

er
at

e 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.00 0.02 0.11 0.91 0.05 0.03 1.58 0.11 0.00 . . . -0.03 0.04 -0.77 0.44
   Table continued 
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Intercept 1.61 0.08 19.85 0.00 1.37 0.06 22.45 0.00 1.43 0.12 11.85 0.00 1.64 0.06 27.31 0.00
Network size 0.02 0.00 6.64 0.00 0.00 0.00 1.53 0.13 0.00 0.00 2.77 0.01 0.02 0.00 6.58 0.00
Cohesion -0.26 0.09 -2.76 0.01 0.19 0.09 2.23 0.03 -0.33 0.10 -3.23 0.00 -0.18 0.05 -3.65 0.00
Degree centrality 0.21 0.05 4.10 0.00 -0.15 0.05 -3.19 0.00 0.40 0.06 6.23 0.00 0.09 0.04 2.47 0.01
Centralization  -0.25 0.07 -3.61 0.00 0.22 0.05 4.06 0.00 -0.30 0.07 -4.59 0.00 -0.07 0.04 -1.47 0.14
HH size 0.00 0.01 0.79 0.43 -0.01 0.00 -2.51 0.01 0.00 0.01 -0.24 0.81 -0.02 0.00 -4.73 0.00
Age HH head 0.00 0.00 -4.67 0.00 0.00 0.00 1.87 0.06 0.00 0.00 -0.42 0.67 0.00 0.00 1.02 0.31
Education head  -0.02 0.00 -4.69 0.00 0.00 0.00 0.31 0.76 0.00 0.00 0.62 0.54 0.00 0.00 0.34 0.73
Farm income 0.00 0.00 -2.23 0.03 0.00 0.00 -2.40 0.02 0.00 0.00 -1.58 0.11 0.00 0.00 -1.28 0.20
%Off-farm inc. 0.08 0.04 1.81 0.07 -0.01 0.03 -0.24 0.81 0.01 0.08 0.11 0.91 -0.02 0.04 -0.48 0.63
Residential status 0.13 0.04 3.15 0.00 0.03 0.04 0.78 0.44 0.04 0.10 0.39 0.69 -0.01 0.02 -0.42 0.67

  L
ow

 c
om

pl
. 

Membership 0.14 0.02 5.81 0.00 -0.02 0.02 -0.72 0.47 0.00 . . . 0.02 0.04 0.48 0.63
Intercept 1.53 0.05 27.94 0.00 1.39 0.07 18.80 0.00 1.26 0.06 22.52 0.00 1.79 0.06 31.36 0.00
Network size 0.01 0.00 3.64 0.00 0.00 0.00 1.67 0.10 0.00 0.00 0.97 0.33 0.00 0.00 -0.63 0.53
Cohesion 0.02 0.07 0.30 0.76 0.06 0.09 0.74 0.46 -0.15 0.05 -2.81 0.01 -0.04 0.05 -0.79 0.43
Degree centrality 0.02 0.04 0.47 0.64 0.18 0.04 3.97 0.00 0.13 0.04 3.43 0.00 0.06 0.04 1.59 0.11
Centralization  0.08 0.05 1.51 0.13 -0.13 0.05 -2.57 0.01 -0.09 0.04 -2.31 0.02 -0.08 0.04 -1.94 0.05
HH size -0.01 0.00 -2.61 0.01 -0.01 0.00 -2.91 0.00 0.00 0.00 0.20 0.84 -0.01 0.00 -2.06 0.04
Age HH head 0.00 0.00 2.41 0.02 0.00 0.00 2.75 0.01 0.00 0.00 0.66 0.51 0.00 0.00 -0.59 0.55
Education head  0.00 0.00 0.31 0.75 0.00 0.00 1.17 0.24 0.00 0.00 1.66 0.10 0.00 0.00 1.59 0.11
Farm income 0.00 0.00 0.77 0.44 0.00 0.00 -1.34 0.18 0.00 0.00 -1.62 0.11 0.00 0.00 -1.13 0.26
%Off-farm inc. 0.00 0.03 0.11 0.91 -0.02 0.04 -0.49 0.63 -0.02 0.04 -0.39 0.70 0.04 0.05 0.89 0.37
Residential status 0.00 0.03 -0.11 0.91 -0.02 0.04 -0.53 0.60 0.02 0.04 0.49 0.62 -0.01 0.02 -0.45 0.65

 V
er

y 
lo

w
 in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership -0.04 0.02 -2.45 0.01 0.08 0.03 2.73 0.01 0.00 . . . 0.01 0.05 0.20 0.84
Adjusted R² range between 0.00 and 0.17. All households of Bola Buta participated in development-oriented farmer groups. 
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Duration of innovation spread among network members: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 8.39 1.68 5.01 0.00 8.52 4.41 1.93 0.05 24.48 4.37 5.61 0.00 3.10 2.16 1.43 0.15
Network size 0.57 0.07 8.69 0.00 1.80 0.16 11.04 0.00 0.24 0.02 12.67 0.00 0.78 0.10 8.18 0.00
Cohesion -6.48 1.66 -3.89 0.00 -3.12 4.81 -0.65 0.52 -20.90 3.87 -5.40 0.00 -0.27 1.48 -0.18 0.86
Degree centrality 2.77 1.05 2.65 0.01 13.78 2.57 5.36 0.00 7.53 2.58 2.92 0.00 1.49 1.08 1.37 0.17
Centralization  -5.39 1.33 -4.04 0.00 -11.22 3.08 -3.65 0.00 -19.82 2.74 -7.23 0.00 -0.87 1.32 -0.66 0.51
HH size 0.22 0.10 2.19 0.03 0.43 0.29 1.49 0.14 0.13 0.22 0.57 0.57 -0.04 0.13 -0.29 0.77
Age HH head 0.00 0.02 -0.18 0.86 0.11 0.04 2.71 0.01 0.10 0.04 2.54 0.01 0.02 0.02 0.95 0.34
Education head  -0.08 0.07 -1.06 0.29 0.20 0.17 1.20 0.23 0.21 0.17 1.23 0.22 0.22 0.10 2.19 0.03
Farm income 0.00 0.00 -2.63 0.01 0.00 0.00 0.22 0.82 0.00 0.00 0.84 0.40 0.00 0.00 1.07 0.29
%Off-farm inc. 0.55 0.91 0.61 0.54 -1.07 2.21 -0.48 0.63 1.44 2.93 0.49 0.62 1.56 1.58 0.99 0.32
Residential status -0.59 0.87 -0.68 0.49 -2.37 2.85 -0.83 0.41 3.71 3.43 1.08 0.28 -1.18 0.81 -1.45 0.15

  H
ig

h 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.05 0.49 0.09 0.92 -0.92 1.71 -0.54 0.59 0.00 . . . -1.34 2.16 -0.62 0.54
Intercept 8.33 1.65 5.06 0.00 0.44 5.13 0.09 0.93 17.76 4.12 4.31 0.00 3.52 2.50 1.41 0.16
Network size 0.76 0.06 11.76 0.00 2.62 0.23 11.26 0.00 0.32 0.02 17.32 0.00 1.31 0.12 11.15 0.00
Cohesion -3.52 1.92 -1.83 0.07 -11.19 3.91 -2.86 0.00 -2.81 3.51 -0.80 0.42 -0.14 2.15 -0.07 0.95
Degree centrality 2.55 1.08 2.36 0.02 8.97 2.53 3.55 0.00 4.16 2.39 1.74 0.08 1.40 1.67 0.84 0.40
Centralization  -2.83 1.32 -2.16 0.03 -3.92 2.97 -1.32 0.19 -12.71 2.45 -5.18 0.00 1.58 1.99 0.79 0.43
HH size 0.04 0.10 0.45 0.66 0.57 0.31 1.82 0.07 0.11 0.20 0.54 0.59 0.30 0.16 1.87 0.06
Age HH head -0.03 0.02 -1.47 0.14 0.12 0.04 2.98 0.00 0.19 0.04 5.08 0.00 0.02 0.03 0.81 0.42
Education head  -0.10 0.07 -1.46 0.14 0.24 0.17 1.39 0.17 0.39 0.15 2.52 0.01 0.18 0.12 1.48 0.14
Farm income 0.00 0.00 -2.45 0.01 0.00 0.00 -0.12 0.90 0.00 0.00 1.88 0.06 0.00 0.00 0.65 0.52
%Off-farm inc. 1.97 0.88 2.24 0.03 -1.20 2.39 -0.50 0.62 -0.74 2.72 -0.27 0.79 1.52 1.90 0.80 0.42
Residential status 0.72 0.89 0.81 0.42 -0.45 3.99 -0.11 0.91 -2.74 3.28 -0.83 0.40 -0.98 0.98 -1.00 0.32

  M
od

er
at

e 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.23 0.48 0.47 0.64 -2.26 1.89 -1.19 0.23 0.00 . . . 1.58 1.79 0.89 0.38
   Table continued 
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Intercept 11.39 2.12 5.38 0.00 13.60 2.95 4.61 0.00 16.27 4.52 3.60 0.00 5.03 2.30 2.18 0.03
Network size 1.16 0.08 14.17 0.00 1.83 0.11 16.77 0.00 0.27 0.02 15.62 0.00 0.66 0.10 6.46 0.00
Cohesion -4.46 2.43 -1.84 0.07 -18.82 4.16 -4.53 0.00 -12.73 3.90 -3.26 0.00 0.80 1.85 0.43 0.66
Degree centrality 2.30 1.36 1.69 0.09 16.98 2.35 7.21 0.00 11.66 2.41 4.83 0.00 0.74 1.42 0.52 0.60
Centralization  -4.38 1.78 -2.46 0.01 -15.38 2.66 -5.77 0.00 -18.98 2.50 -7.61 0.00 -0.06 1.71 -0.03 0.97
HH size -0.28 0.13 -2.08 0.04 0.62 0.19 3.31 0.00 -0.36 0.21 -1.69 0.09 0.32 0.14 2.24 0.03
Age HH head -0.03 0.02 -1.40 0.16 0.15 0.03 5.61 0.00 0.13 0.04 3.46 0.00 0.04 0.02 1.57 0.12
Education head  -0.45 0.09 -5.11 0.00 0.26 0.12 2.30 0.02 0.07 0.16 0.46 0.65 0.04 0.11 0.36 0.72
Farm income 0.00 0.00 -1.81 0.07 0.00 0.00 3.70 0.00 0.00 0.00 1.99 0.05 0.00 0.00 0.70 0.49
%Off-farm inc. 2.17 1.14 1.91 0.06 -0.31 1.51 -0.21 0.84 1.23 2.94 0.42 0.68 1.43 1.70 0.84 0.40
Residential status -0.84 1.07 -0.79 0.43 -6.45 1.87 -3.44 0.00 4.96 3.76 1.32 0.19 -0.33 0.88 -0.37 0.71

  L
ow

 c
om

pl
ex

ity
 

Membership 4.69 0.64 7.36 0.00 -1.71 1.19 -1.43 0.15 0.00 . . . 1.26 1.67 0.75 0.45
Intercept 9.60 1.36 7.08 0.00 2.76 3.32 0.83 0.41 25.92 2.99 8.66 0.00 4.60 1.88 2.45 0.01
Network size 0.48 0.05 9.77 0.00 2.33 0.13 17.46 0.00 0.26 0.02 16.57 0.00 0.70 0.09 7.92 0.00
Cohesion -4.72 1.80 -2.62 0.01 -17.50 3.84 -4.56 0.00 -18.72 2.85 -6.57 0.00 -2.37 1.49 -1.59 0.11
Degree centrality 2.29 1.09 2.10 0.04 10.69 1.99 5.37 0.00 5.36 2.04 2.63 0.01 1.93 1.18 1.64 0.10
Centralization  -4.34 1.30 -3.34 0.00 -5.93 2.33 -2.54 0.01 -14.83 2.09 -7.08 0.00 -3.13 1.40 -2.24 0.03
HH size -0.06 0.08 -0.75 0.45 0.22 0.22 1.00 0.32 -0.26 0.16 -1.64 0.10 -0.07 0.12 -0.54 0.59
Age HH head 0.02 0.02 1.49 0.14 0.13 0.03 4.21 0.00 0.19 0.03 6.45 0.00 0.07 0.02 3.56 0.00
Education head  0.03 0.06 0.60 0.55 0.12 0.13 0.97 0.33 0.15 0.12 1.21 0.23 -0.04 0.09 -0.39 0.69
Farm income 0.00 0.00 0.33 0.74 0.00 0.00 1.74 0.08 0.00 0.00 0.81 0.42 0.00 0.00 0.65 0.52
%Off-farm inc. 2.75 0.70 3.90 0.00 1.48 1.69 0.88 0.38 -0.44 2.19 -0.20 0.84 3.99 1.50 2.67 0.01
Residential status -0.39 0.72 -0.53 0.59 -4.87 1.99 -2.45 0.01 -2.00 2.21 -0.90 0.37 0.44 0.74 0.60 0.55

  V
er

y 
lo

w
 in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.05 0.39 0.14 0.89 -4.93 1.29 -3.82 0.00 0.00 . . . 0.73 1.62 0.45 0.65
Adjusted R² range between 0.04 and 0.52. All households of Bola Buta participated in development-oriented farmer groups. 
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Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 0.31 0.06 5.07 0.00 0.43 0.07 6.33 0.00 0.94 0.06 15.11 0.00 0.54 0.05 11.69 0.00
Network size 0.03 0.00 14.02 0.00 0.03 0.00 13.52 0.00 0.00 0.00 -11.45 0.00 0.04 0.00 19.76 0.00
Cohesion -0.32 0.06 -5.24 0.00 -0.27 0.07 -3.63 0.00 -0.50 0.06 -9.03 0.00 -0.36 0.03 -11.5 0.00
Degree centrality 0.26 0.04 6.83 0.00 0.21 0.04 5.20 0.00 0.37 0.04 10.01 0.00 0.24 0.02 10.65 0.00
Centralization  -0.23 0.05 -4.69 0.00 -0.19 0.05 -3.88 0.00 -0.29 0.04 -7.41 0.00 -0.20 0.03 -6.98 0.00
HH size -0.01 0.00 -1.51 0.13 -0.01 0.00 -2.11 0.04 0.00 0.00 -0.64 0.53 -0.02 0.00 -5.51 0.00
Age HH head 0.00 0.00 3.25 0.00 0.00 0.00 -2.51 0.01 0.00 0.00 -2.65 0.01 0.00 0.00 1.48 0.14
Education head  0.00 0.00 0.32 0.75 -0.01 0.00 -2.81 0.01 0.00 0.00 0.92 0.36 0.01 0.00 2.65 0.01
Farm income 0.00 0.00 -4.99 0.00 0.00 0.00 0.61 0.54 0.00 0.00 -0.24 0.81 0.00 0.00 -1.87 0.06
%Off-farm inc. 0.04 0.03 1.24 0.22 0.08 0.03 2.43 0.02 -0.03 0.04 -0.77 0.44 0.04 0.03 1.11 0.27
Residential status 0.07 0.03 2.19 0.03 0.15 0.04 3.31 0.00 -0.10 0.05 -2.08 0.04 0.00 0.02 0.13 0.90

  H
ig

h 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.07 0.02 4.11 0.00 0.02 0.03 0.59 0.56 0.00 . . . 0.07 0.05 1.59 0.11
Intercept 0.32 0.05 6.49 0.00 0.49 0.07 7.08 0.00 0.73 0.06 11.50 0.00 0.73 0.03 23.26 0.00
Network size 0.03 0.00 16.05 0.00 0.04 0.00 12.41 0.00 0.00 0.00 -11.40 0.00 0.02 0.00 10.97 0.00
Cohesion -0.08 0.06 -1.45 0.15 -0.12 0.05 -2.28 0.02 -0.41 0.05 -7.67 0.00 -0.27 0.03 -10.2 0.00
Degree centrality 0.23 0.03 7.04 0.00 0.06 0.03 1.80 0.07 0.39 0.04 10.49 0.00 0.15 0.02 7.33 0.00
Centralization  -0.18 0.04 -4.45 0.00 -0.03 0.04 -0.74 0.46 -0.28 0.04 -7.51 0.00 -0.13 0.03 -5.00 0.00
HH size 0.00 0.00 -1.54 0.12 0.00 0.00 -0.91 0.36 0.00 0.00 -0.63 0.53 -0.01 0.00 -3.80 0.00
Age HH head 0.00 0.00 2.83 0.00 0.00 0.00 -2.75 0.01 0.00 0.00 -1.82 0.07 0.00 0.00 2.06 0.04
Education head  0.00 0.00 1.88 0.06 0.00 0.00 -1.17 0.24 0.00 0.00 1.32 0.19 0.00 0.00 0.26 0.79
Farm income 0.00 0.00 -5.34 0.00 0.00 0.00 0.23 0.82 0.00 0.00 -0.29 0.77 0.00 0.00 -2.08 0.04
%Off-farm inc. 0.05 0.03 2.01 0.04 -0.04 0.03 -1.27 0.21 0.03 0.04 0.65 0.52 0.00 0.02 0.01 0.99
Residential status 0.09 0.03 3.38 0.00 -0.03 0.05 -0.47 0.64 -0.01 0.05 -0.22 0.83 0.02 0.01 1.32 0.19

  M
od

er
at

e 
in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.05 0.01 3.70 0.00 0.08 0.03 3.17 0.00 0.00 . . . 0.04 0.02 1.85 0.06
   Table continued 
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Intercept 0.37 0.06 6.49 0.00 0.55 0.04 13.19 0.00 0.81 0.09 9.17 0.00 0.58 0.04 15.97 0.00
Network size 0.03 0.00 14.84 0.00 0.03 0.00 17.92 0.00 0.00 0.00 -6.34 0.00 0.04 0.00 21.85 0.00
Cohesion -0.21 0.07 -3.14 0.00 -0.29 0.06 -4.87 0.00 -0.37 0.08 -4.84 0.00 -0.33 0.03 -11.5 0.00
Degree centrality 0.26 0.04 7.15 0.00 0.20 0.03 6.08 0.00 0.43 0.05 9.05 0.00 0.23 0.02 10.18 0.00
Centralization  -0.24 0.05 -5.05 0.00 -0.15 0.04 -4.01 0.00 -0.29 0.05 -5.96 0.00 -0.15 0.03 -5.44 0.00
HH size 0.00 0.00 -0.94 0.35 -0.01 0.00 -3.22 0.00 0.00 0.00 -1.03 0.30 -0.01 0.00 -5.53 0.00
Age HH head 0.00 0.00 0.62 0.53 0.00 0.00 -2.06 0.04 0.00 0.00 -1.70 0.09 0.00 0.00 1.69 0.09
Education head  0.00 0.00 -0.59 0.56 -0.01 0.00 -3.72 0.00 0.00 0.00 -0.68 0.50 0.00 0.00 -0.53 0.60
Farm income 0.00 0.00 -5.32 0.00 0.00 0.00 1.05 0.30 0.00 0.00 -0.82 0.41 0.00 0.00 -2.07 0.04
%Off-farm inc. 0.06 0.03 1.97 0.05 0.04 0.02 1.83 0.07 -0.03 0.06 -0.50 0.62 0.01 0.03 0.40 0.69
Residential status 0.11 0.03 3.91 0.00 0.07 0.03 2.76 0.01 -0.02 0.07 -0.34 0.74 0.00 0.01 -0.06 0.95

  L
ow

 c
om

pl
ex

ity
 

Membership 0.09 0.02 5.16 0.00 0.01 0.02 0.70 0.48 0.00 . . . 0.07 0.03 2.80 0.01
Intercept 0.49 0.03 15.20 0.00 0.59 0.05 11.85 0.00 0.81 0.05 17.04 0.00 0.54 0.04 14.20 0.00
Network size 0.02 0.00 16.09 0.00 0.04 0.00 17.44 0.00 0.00 0.00 -13.57 0.00 0.03 0.00 19.35 0.00
Cohesion 0.00 0.04 -0.02 0.98 -0.19 0.06 -3.26 0.00 -0.38 0.05 -8.35 0.00 -0.38 0.03 -12.3 0.00
Degree centrality 0.16 0.03 6.12 0.00 0.21 0.03 6.90 0.00 0.32 0.03 9.91 0.00 0.24 0.02 10.12 0.00
Centralization  -0.11 0.03 -3.61 0.00 -0.19 0.04 -5.52 0.00 -0.22 0.03 -6.63 0.00 -0.17 0.03 -6.04 0.00
HH size 0.00 0.00 -2.31 0.02 -0.01 0.00 -2.96 0.00 0.00 0.00 -1.47 0.14 -0.01 0.00 -4.01 0.00
Age HH head 0.00 0.00 4.44 0.00 0.00 0.00 -4.46 0.00 0.00 0.00 -2.05 0.04 0.00 0.00 3.61 0.00
Education head  0.00 0.00 2.44 0.01 -0.01 0.00 -6.13 0.00 0.00 0.00 -0.12 0.90 0.00 0.00 2.29 0.02
Farm income 0.00 0.00 -2.62 0.01 0.00 0.00 -0.63 0.53 0.00 0.00 -1.49 0.14 0.00 0.00 -1.84 0.07
%Off-farm inc. 0.02 0.02 1.44 0.15 0.04 0.03 1.75 0.08 -0.04 0.03 -1.08 0.28 -0.01 0.03 -0.42 0.68
Residential status 0.09 0.02 5.07 0.00 0.04 0.03 1.49 0.14 -0.05 0.04 -1.46 0.14 -0.01 0.01 -0.62 0.54

V
er

y 
lo

w
 in

no
va

tio
n 

co
m

pl
ex

ity
 

Membership 0.02 0.01 1.81 0.07 0.02 0.02 1.10 0.27 0.00 . . . 0.02 0.03 0.65 0.51
Adjusted R² range between 0.13 and 0.39. All households of Bola Buta participated in development-oriented farmer groups. 
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Statistics referring to Table 14:  

Average level of innovation adoption: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 1.56 0.11 13.86 0.00 1.36 0.07 20.39 0.00 0.91 0.09 10.61 0.00 1.36 0.06 22.55 0.00
Network size 0.00 0.00 0.52 0.60 0.01 0.00 1.93 0.05 0.01 0.00 8.22 0.00 0.02 0.00 6.36 0.00
Cohesion 0.16 0.17 0.91 0.36 -0.31 0.18 -1.68 0.09 -0.32 0.13 -2.40 0.02 -0.17 0.09 -1.87 0.06
Density -0.42 0.19 -2.23 0.03 0.31 0.18 1.73 0.08 -0.23 0.13 -1.80 0.07 0.13 0.10 1.24 0.22
Degree centrality -0.04 0.06 -0.67 0.50 0.14 0.06 2.31 0.02 0.17 0.05 3.24 0.00 0.05 0.03 1.38 0.17
Centralization 0.10 0.08 1.24 0.22 -0.12 0.07 -1.61 0.11 -0.16 0.06 -2.43 0.02 -0.05 0.04 -1.27 0.20

  H
ig

h 
co

m
pl

ex
ity

 

Network type 0.10 0.05 1.79 0.07 0.03 0.06 0.45 0.65 0.79 0.09 9.27 0.00 0.07 0.02 2.74 0.01
Intercept 1.32 0.11 12.33 0.00 1.33 0.06 23.85 0.00 1.39 0.06 22.91 0.00 1.42 0.08 18.61 0.00
Network size 0.01 0.00 2.54 0.01 0.00 0.01 0.68 0.50 0.00 0.00 -2.86 0.00 0.02 0.00 3.76 0.00
Cohesion 0.05 0.14 0.38 0.70 0.12 0.12 0.95 0.34 -0.52 0.08 -6.15 0.00 -0.14 0.11 -1.30 0.19
Density -0.11 0.16 -0.69 0.49 -0.11 0.14 -0.74 0.46 0.32 0.08 3.83 0.00 0.21 0.12 1.78 0.07
Degree centrality 0.06 0.05 1.22 0.22 0.01 0.05 0.14 0.89 0.09 0.03 2.73 0.01 0.02 0.04 0.41 0.68
Centralization 0.02 0.06 0.39 0.70 0.02 0.05 0.41 0.68 -0.14 0.04 -3.46 0.00 -0.01 0.05 -0.15 0.88

  M
od

er
at

e 
co

m
pl

. 

Network type 0.20 0.07 2.77 0.01 -0.04 0.04 -0.93 0.35 -0.20 0.06 -3.41 0.00 0.09 0.03 2.97 0.00
Intercept 1.49 0.12 12.12 0.00 1.42 0.04 33.18 0.00 0.49 0.08 6.28 0.00 1.42 0.06 23.22 0.00
Network size 0.00 0.00 1.10 0.27 0.01 0.00 1.91 0.06 0.01 0.00 12.48 0.00 0.02 0.00 6.31 0.00
Cohesion 0.43 0.16 2.73 0.01 0.11 0.13 0.89 0.38 0.30 0.14 2.14 0.03 -0.09 0.09 -1.03 0.30
Density -0.82 0.17 -4.69 0.00 0.10 0.12 0.87 0.38 -0.81 0.14 -5.90 0.00 0.04 0.10 0.43 0.66
Degree centrality 0.16 0.05 3.12 0.00 -0.11 0.05 -2.06 0.04 0.17 0.05 3.19 0.00 0.05 0.04 1.43 0.15
Centralization -0.07 0.07 -1.02 0.31 0.19 0.06 3.35 0.00 -0.13 0.07 -2.03 0.04 -0.03 0.04 -0.61 0.54

  L
ow

 c
om

pl
ex

ity
 

Network type 0.41 0.08 5.38 0.00 -0.09 0.04 -2.28 0.02 1.20 0.08 14.71 0.00 0.09 0.03 3.57 0.00
Intercept 1.54 0.09 17.44 0.00 1.41 0.05 27.78 0.00 1.02 0.06 17.66 0.00 1.68 0.06 27.52 0.00
Network size 0.01 0.00 4.29 0.00 0.01 0.00 1.72 0.09 0.00 0.00 4.81 0.00 0.00 0.00 -0.52 0.61
Cohesion -0.07 0.11 -0.61 0.54 -0.08 0.14 -0.56 0.58 -0.14 0.08 -1.71 0.09 -0.09 0.09 -1.01 0.31
Density 0.11 0.12 0.96 0.34 0.13 0.13 0.99 0.32 -0.04 0.08 -0.52 0.60 0.09 0.10 0.90 0.37
Degree centrality 0.06 0.04 1.34 0.18 0.20 0.05 4.01 0.00 0.10 0.04 2.69 0.01 0.05 0.04 1.43 0.15
Centralization 0.05 0.05 0.95 0.34 -0.16 0.06 -2.93 0.00 -0.09 0.04 -2.22 0.03 -0.07 0.04 -1.73 0.08

  V
er

y 
lo

w
 c

om
pl

. 

Network type -0.07 0.07 -1.08 0.28 -0.06 0.04 -1.47 0.14 0.29 0.06 5.07 0.00 0.01 0.03 0.40 0.69
Adjusted R² range between 0.00 and 0.26. 
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Duration of innovation spread among network members: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 9.67 2.04 4.75 0.00 17.18 2.90 5.92 0.00 42.65 3.82 11.17 0.00 2.53 2.00 1.27 0.21
Network size 0.48 0.08 6.39 0.00 1.15 0.20 5.63 0.00 0.16 0.04 4.37 0.00 0.86 0.12 7.01 0.00
Cohesion 3.65 3.12 1.17 0.24 26.04 8.02 3.25 0.00 25.72 5.95 4.32 0.00 0.49 3.04 0.16 0.87
Density -10.06 3.44 -2.92 0.00 -36.93 7.86 -4.70 0.00 -57.39 5.62 -10.22 0.00 0.32 3.36 0.10 0.92
Degree centrality 1.92 1.00 1.93 0.05 8.10 2.69 3.02 0.00 4.45 2.37 1.88 0.06 0.97 1.12 0.87 0.38
Centralization -3.44 1.40 -2.46 0.01 -6.57 3.17 -2.07 0.04 -6.85 2.84 -2.41 0.02 -0.83 1.35 -0.61 0.54

  H
ig

h 
co

m
pl

ex
ity

 

Network type 1.61 0.99 1.62 0.10 12.49 2.50 4.99 0.00 4.14 3.79 1.09 0.27 1.11 0.82 1.35 0.18
Intercept 8.25 2.26 3.65 0.00 4.49 3.16 1.42 0.16 13.82 3.87 3.57 0.00 3.69 3.09 1.19 0.23
Network size 0.55 0.07 7.84 0.00 2.37 0.30 7.81 0.00 0.45 0.04 11.04 0.00 1.53 0.17 8.82 0.00
Cohesion 8.94 3.01 2.97 0.00 -3.67 7.08 -0.52 0.60 30.60 5.38 5.68 0.00 5.24 4.26 1.23 0.22
Density -15.29 3.28 -4.67 0.00 -11.33 8.13 -1.39 0.16 -44.92 5.39 -8.34 0.00 -3.42 4.71 -0.73 0.47
Degree centrality 1.47 1.03 1.43 0.15 4.39 2.67 1.64 0.10 0.81 2.17 0.37 0.71 0.50 1.64 0.31 0.76
Centralization -0.49 1.34 -0.37 0.71 -1.94 3.08 -0.63 0.53 -3.75 2.57 -1.46 0.14 1.65 1.97 0.84 0.40

  M
od

er
at

e 
co

m
pl

. 

Network type 5.49 1.56 3.53 0.00 11.80 2.35 5.02 0.00 23.57 3.79 6.21 0.00 2.48 1.26 1.96 0.05
Intercept 9.45 3.32 2.85 0.00 16.51 2.07 7.99 0.00 13.38 3.13 4.28 0.00 14.51 2.3 6.189 0.00
Network size 0.70 0.10 6.78 0.00 1.38 0.14 9.94 0.00 0.39 0.03 13.15 0.00 0.512 0.1 3.775 0.00
Cohesion 10.02 4.24 2.36 0.02 -3.33 6.13 -0.54 0.59 24.63 5.65 4.36 0.00 8.859 3.4 2.618 0.01
Density -20.22 4.71 -4.29 0.00 -25.44 5.71 -4.45 0.00 -49.80 5.42 -9.18 0.00 -11.4 3.7 -3.07 0.00
Degree centrality 2.77 1.41 1.96 0.05 10.98 2.57 4.27 0.00 6.51 2.12 3.07 0.00 0.15 1.4 0.106 0.92
Centralization -0.56 1.95 -0.29 0.77 -11.51 2.72 -4.23 0.00 -7.31 2.60 -2.81 0.01 0.566 1.7 0.333 0.74

  L
ow

 c
om

pl
ex

ity
 

Network type 5.96 2.08 2.87 0.00 14.90 1.83 8.16 0.00 25.89 3.24 7.98 0.00 -1.19 1 -1.18 0.24
Intercept 14.77 2.19 6.75 0.00 2.92 2.26 1.30 0.20 23.84 2.99 7.97 0.00 15.66 2 7.724 0.00
Network size 0.35 0.05 6.48 0.00 2.02 0.17 11.78 0.00 0.34 0.03 10.54 0 0.467 0.1 3.876 0.00
Cohesion 7.36 2.83 2.60 0.01 -2.08 6.28 -0.33 0.74 18.59 4.35 4.27 0 8.253 2.9 2.882 0.00
Density -15.23 2.87 -5.31 0.00 -12.00 5.87 -2.05 0.04 -49.76 4.31 -11.53 0 -14.2 3.2 -4.48 0.00
Degree centrality 2.29 1.07 2.15 0.03 5.15 2.22 2.32 0.02 2.41 1.88 1.28 0.2 1.266 1.2 1.069 0.29
Centralization -2.93 1.32 -2.23 0.03 -3.48 2.45 -1.42 0.16 -4.76 2.15 -2.22 0.03 -1.23 1.4 -0.86 0.39

  V
er

y 
lo

w
 c

om
pl

. 

Network type 1.07 1.61 0.66 0.51 11.30 1.68 6.74 0.00 19.55 2.96 6.59 0 -1.64 0.8 -1.94 0.05
Adjusted R² range between 0.17 and 0.53. 
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Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
   Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
 Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 

Intercept 0.44 0.08 5.66 0.00 0.62 0.04 13.89 0.00 -0.04 0.05 -0.83 0.41 0.01 0.04 0.34 0.73
Network size 0.03 0.00 10.55 0.00 0.04 0.00 11.40 0.00 0.00 0.00 8.67 0.00 0.07 0.00 30.52 0.00
Cohesion -0.35 0.12 -2.88 0.00 -0.25 0.12 -2.02 0.04 -0.23 0.08 -2.97 0.00 -0.10 0.05 -1.78 0.08
Density -0.06 0.13 -0.48 0.63 0.05 0.12 0.38 0.70 -0.30 0.07 -3.99 0.00 0.10 0.06 1.62 0.10
Degree centrality 0.33 0.04 8.71 0.00 0.32 0.04 7.81 0.00 0.23 0.03 7.47 0.00 0.14 0.02 7.07 0.00
Centralization -0.19 0.05 -3.53 0.00 -0.18 0.05 -3.74 0.00 -0.21 0.04 -5.49 0.00 -0.09 0.02 -3.61 0.00

  H
ig

h 
co

m
pl

ex
ity

 

Network type -0.01 0.04 -0.14 0.89 -0.27 0.04 -6.99 0.00 0.91 0.05 18.11 0.00 0.32 0.01 21.56 0.00
Intercept 0.33 0.07 4.70 0.00 0.47 0.04 11.57 0.00 0.05 0.06 0.85 0.40 0.28 0.04 7.89 0.00
Network size 0.03 0.00 12.32 0.00 0.04 0.00 10.86 0.00 0.00 0.00 4.82 0.00 0.04 0.00 19.49 0.00
Cohesion 0.00 0.10 0.01 0.99 -0.21 0.09 -2.33 0.02 -0.15 0.08 -1.91 0.06 -0.16 0.05 -3.23 0.00
Density -0.08 0.10 -0.80 0.42 0.13 0.10 1.26 0.21 -0.28 0.08 -3.49 0.00 0.21 0.05 3.92 0.00
Degree centrality 0.25 0.03 7.64 0.00 0.17 0.03 4.82 0.00 0.27 0.03 8.44 0.00 0.10 0.02 5.23 0.00
Centralization -0.13 0.04 -3.12 0.00 -0.07 0.04 -1.70 0.09 -0.20 0.04 -5.13 0.00 -0.07 0.02 -3.24 0.00

  M
od

er
at

e 
co

m
pl

. 

Network type 0.17 0.05 3.49 0.00 -0.25 0.03 -8.39 0.00 0.71 0.06 12.52 0.00 0.25 0.01 17.38 0.00
Intercept 0.65 0.09 7.41 0.00 0.72 0.03 24.76 0.00 -0.12 0.06 -2.16 0.03 -0.04 0.03 -1.25 0.21
Network size 0.02 0.00 7.73 0.00 0.02 0.00 12.81 0.00 0.00 0.00 9.39 0.00 0.06 0.00 34.02 0.00
Cohesion 0.24 0.11 2.17 0.03 -0.10 0.09 -1.16 0.25 0.07 0.10 0.73 0.47 -0.19 0.05 -4.10 0.00
Density -0.60 0.12 -4.82 0.00 -0.21 0.08 -2.59 0.01 -0.54 0.10 -5.67 0.00 0.32 0.05 6.37 0.00
Degree centrality 0.29 0.04 7.80 0.00 0.32 0.04 9.02 0.00 0.23 0.04 6.01 0.00 0.13 0.02 6.89 0.00
Centralization -0.13 0.05 -2.60 0.01 -0.18 0.04 -4.80 0.00 -0.16 0.05 -3.38 0.00 -0.08 0.02 -3.33 0.00

  L
ow

 c
om

pl
ex

ity
 

Network type 0.05 0.06 0.82 0.41 -0.17 0.03 -6.66 0.00 1.01 0.06 17.58 0.00 0.35 0.01 25.40 0.00
Intercept 0.54 0.05 10.32 0.00 0.57 0.03 16.90 0.00 0.01 0.05 0.33 0.74 0.01 0.04 0.22 0.83
Network size 0.02 0.00 14.05 0.00 0.04 0.00 13.68 0.00 0.00 0.00 6.82 0.00 0.06 0.00 29.71 0.00
Cohesion -0.01 0.07 -0.11 0.91 -0.25 0.09 -2.62 0.01 -0.11 0.07 -1.66 0.10 -0.16 0.05 -3.27 0.00
Density 0.04 0.07 0.65 0.51 -0.05 0.09 -0.53 0.60 -0.31 0.07 -4.78 0.00 0.22 0.06 3.96 0.00
Degree centrality 0.18 0.03 7.05 0.00 0.30 0.03 9.06 0.00 0.20 0.03 6.91 0.00 0.14 0.02 6.87 0.00
Centralization -0.10 0.03 -3.03 0.00 -0.21 0.04 -5.60 0.00 -0.14 0.03 -4.18 0.00 -0.08 0.02 -3.40 0.00

  V
er

y 
lo

w
 c

om
pl

. 

Network type 0.07 0.04 1.76 0.08 -0.17 0.03 -6.56 0.00 0.77 0.04 17.20 0.00 0.32 0.01 21.54 0.00
Adjusted R² range between 0.04 and 0.56. 
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Statistics referring to Table 17:  

Average level of innovation adoption: Multivariate linear regression analysis 
    Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) 3.00 0.38 7.83 0.00 1.35 0.30 4.50 0.00 1.26 0.11 11.28 0.00 1.63 0.07 23.38 0.00
Centrality -0.01 0.08 -0.10 0.92 -0.07 0.16 -0.43 0.67 -1.03 1.04 -0.99 0.32 0.01 0.03 0.32 0.75
Density -1.64 0.47 -3.47 0.00 0.62 0.34 1.83 0.07 74.84 12.10 6.19 0.00 -0.29 0.07 -4.32 0.00
Network size * Cohesion 0.10 0.02 4.60 0.00 -0.10 0.07 -1.49 0.14 -1.92 0.40 -4.85 0.00 0.03 0.00 6.54 0.00
HH size -0.01 0.01 -0.65 0.51 -0.01 0.02 -0.49 0.63 0.00 0.00 -0.25 0.80 0.00 0.00 -0.95 0.34
Age HH head 0.00 0.00 -0.23 0.82 0.00 0.00 -0.29 0.78 0.00 0.00 -0.20 0.84 0.00 0.00 0.68 0.50
Education head -0.01 0.01 -1.02 0.31 0.00 0.01 -0.34 0.74 0.00 0.00 0.88 0.38 0.00 0.00 0.40 0.69
Farm income 0.00 0.00 0.09 0.93 0.00 0.00 -1.98 0.05 0.00 0.00 -0.54 0.59 0.00 0.00 -0.73 0.46
% Off-farm income 0.07 0.10 0.69 0.49 0.25 0.18 1.39 0.17 -0.03 0.06 -0.53 0.59 -0.06 0.04 -1.57 0.12
Residential status   -0.06 0.20 -0.32 0.75 0.02 0.06 0.29 0.77 0.01 0.02 0.36 0.72
Extension contact  0.02 0.07 0.35 0.73 -0.13 0.10 -1.22 0.22 0.01 0.03 0.35 0.73
High extension exposure  0.12 0.25 0.47 0.64 0.03 0.09 0.32 0.75
Medium extension exposure  0.14 0.21 0.66 0.51 0.02 0.09 0.19 0.85 0.02 0.01 1.13 0.26
Variation extension exposure  -0.22 0.04 -5.01 0.00 -0.01 0.07 -0.12 0.91 0.01 0.03 0.20 0.84 0.02 0.01 2.19 0.03
Actively promoted innovation -0.18 0.08 -2.18 0.03 0.08 0.05 1.68 0.09 -0.31 0.03 -9.90 0.00 0.07 0.01 5.02 0.00
Moderately promoted innovation  0.01 0.08 0.10 0.92 0.22 0.10 2.32 0.02 -0.03 0.02 -1.55 0.12 0.00 0.02 0.23 0.82

Adjusted R² range between 0.04 and 0.50. 
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Duration of innovation spread among network members: Multivariate linear regression analysis 
    Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) 22.31 5.41 4.12 0.00 9.50 8.46 1.12 0.26 29.93 4.66 6.42 0.00 17.62 2.99 5.90 0.00
Centrality -0.70 1.13 -0.62 0.54 7.17 4.59 1.56 0.12 -44.88 43.37 -1.03 0.30 -0.10 1.36 -0.08 0.94
Density -20.63 6.65 -3.10 0.00 -13.75 9.59 -1.43 0.15 5309.2 506.79 10.48 0.00 -12.2 2.83 -4.31 0.00
Network size * Cohesion 1.11 0.31 3.60 0.00 -0.81 1.86 -0.44 0.66 10.87 16.61 0.65 0.51 1.92 0.19 10.07 0.00
HH size -0.10 0.15 -0.67 0.51 0.90 0.58 1.54 0.13 0.04 0.18 0.22 0.82 0.07 0.13 0.55 0.58
Age HH head 0.02 0.04 0.41 0.68 -0.02 0.07 -0.29 0.77 0.01 0.03 0.29 0.77 0.01 0.02 0.66 0.51
Education head -0.21 0.13 -1.67 0.10 0.39 0.29 1.32 0.19 0.29 0.16 1.84 0.07 0.04 0.09 0.44 0.66
Farm income 0.00 0.00 0.63 0.53 0.00 0.00 3.48 0.00 0.00 0.00 0.16 0.88 0.00 0.00 0.45 0.65
% Off-farm income -0.20 1.38 -0.15 0.88 -8.60 5.10 -1.69 0.09 -0.05 2.60 -0.02 0.98 3.16 1.55 2.03 0.04
Residential status   -1.49 5.67 -0.26 0.79 0.33 2.37 0.14 0.89 -0.24 0.78 -0.30 0.76
Extension contact  -0.97 0.93 -1.04 0.30 -3.06 2.88 -1.06 0.29 0.21 1.29 0.17 0.87
High extension exposure  30.28 6.92 4.38 0.00 7.30 3.85 1.90 0.06
Medium extension exposure  25.44 5.92 4.30 0.00 6.47 3.60 1.80 0.07 0.05 0.61 0.09 0.93
Variation extension exposure  0.00 0.61 0.00 1.00 -6.18 1.87 -3.30 0.00 0.97 1.31 0.74 0.46 0.68 0.46 1.49 0.14
Actively promoted innovation -3.81 1.15 -3.32 0.00 -7.15 1.35 -5.30 0.00 -11.53 1.32 -8.72 0.00 -8.01 0.58 -13.8 0.00
Moderately promoted innovation  -2.14 1.17 -1.82 0.07 -2.94 2.68 -1.09 0.28 0.96 0.94 1.03 0.31 -3.72 0.78 -4.79 0.00

Adjusted R² range between 0.14 and 0.45. 
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Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) 1.12 0.16 7.06 0.00 0.43 0.19 2.30 0.02 0.12 0.06 2.05 0.04 0.80 0.03 28.19 0.00
Centrality -0.03 0.03 -0.84 0.40 -0.19 0.10 -1.90 0.06 -1.01 0.53 -1.90 0.06 -0.01 0.01 -0.82 0.41
Density -1.19 0.19 -6.09 0.00 -0.27 0.21 -1.28 0.20 70.55 6.22 11.35 0.00 -0.99 0.03 -36.9 0.00
Network size * Cohesion 0.16 0.01 17.30 0.00 0.01 0.04 0.34 0.73 -1.01 0.20 -4.95 0.00 0.13 0.00 72.34 0.00
HH size 0.00 0.00 -0.04 0.96 0.01 0.01 0.43 0.67 0.00 0.00 0.15 0.88 0.00 0.00 -1.27 0.20
Age HH head 0.00 0.00 1.31 0.19 0.00 0.00 -1.16 0.25 0.00 0.00 -0.23 0.82 0.00 0.00 0.72 0.47
Education head 0.00 0.00 -0.93 0.36 -0.01 0.01 -1.39 0.17 0.00 0.00 1.34 0.18 0.00 0.00 1.28 0.20
Farm income 0.00 0.00 1.34 0.18 0.00 0.00 -2.86 0.00 0.00 0.00 -0.81 0.42 0.00 0.00 0.14 0.88
% Off-farm income -0.04 0.04 -0.97 0.34 0.16 0.11 1.43 0.15 -0.02 0.03 -0.58 0.56 0.01 0.01 0.71 0.48
Residential status   0.02 0.12 0.13 0.89 0.00 0.03 -0.09 0.93 -0.03 0.01 -3.88 0.00
Extension contact  -0.05 0.03 -1.84 0.07 -0.28 0.06 -4.35 0.00 -0.02 0.01 -1.91 0.06
High extension exposure  1.39 0.15 9.18 0.00 0.06 0.05 1.35 0.18
Medium extension exposure  1.25 0.13 9.62 0.00 0.05 0.04 1.09 0.27 0.06 0.01 10.14 0.00
Variation extension exposure  -0.04 0.02 -2.00 0.05 -0.25 0.04 -6.13 0.00 0.01 0.02 0.51 0.61 0.02 0.00 3.57 0.00
Actively promoted innovation -0.07 0.03 -1.97 0.05 -0.08 0.03 -2.77 0.01 -0.11 0.02 -7.07 0.00 0.02 0.01 4.25 0.00
Moderately promoted innovation  -0.04 0.03 -1.05 0.30 0.00 0.06 0.03 0.97 0.02 0.01 1.62 0.11 0.00 0.01 0.18 0.86

Adjusted R² range between 0.12 and 0.77. 
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Statistics referring to Table 18:  

Cross-case analysis of the relationship between extension intensity and innovation diffusion: Multivariate linear regression 
  Diffusion variables Average level of adoption Duration of innovation spread Homogeneity of innovation spread 
Model variables B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) 1.28 0.07 18.84 0.00 45.66 2.78 16.44 0.00 0.05 0.03 1.67 0.10
Centrality 0.00 0.03 0.06 0.95 0.28 1.21 0.23 0.82 -0.02 0.01 -1.16 0.24
Density -0.23 0.06 -3.58 0.00 -13.17 2.58 -5.11 0.00 -0.95 0.03 -30.97 0.00
Network size * Cohesion 0.03 0.00 6.20 0.00 1.91 0.19 10.32 0.00 0.13 0.00 58.93 0.00
HH size 0.00 0.00 -1.53 0.13 0.01 0.10 0.14 0.89 0.00 0.00 -1.20 0.23
Age HH head 0.00 0.00 0.97 0.33 0.02 0.02 1.14 0.25 0.00 0.00 1.16 0.25
Education head 0.00 0.00 0.21 0.83 0.10 0.08 1.35 0.18 0.00 0.00 1.11 0.27
Farm income 0.00 0.00 -1.39 0.16 0.00 0.00 0.97 0.33 0.00 0.00 -1.25 0.21
%Off-farm inc. -0.06 0.03 -2.18 0.03 1.85 1.16 1.60 0.11 -0.02 0.01 -1.48 0.14
Residential status 0.01 0.02 0.36 0.72 -0.27 0.73 -0.37 0.71 -0.02 0.01 -2.80 0.01
Group extension approach 0.31 0.04 7.19 0.00 -37.63 1.78 -21.17 0.00 0.51 0.02 24.11 0.00
Strong extension -0.19 0.03 -5.50 0.00 -5.24 1.40 -3.74 0.00 0.12 0.02 6.96 0.00
Moderately strong extension 0.11 0.03 3.80 0.00 -34.10 1.23 -27.75 0.00 0.60 0.01 41.10 0.00
Actively promoted innovation 0.01 0.01 0.77 0.44 -8.02 0.49 -16.23 0.00 0.00 0.01 -0.74 0.46
Moderately promoted innovation 0.02 0.01 1.35 0.18 -1.39 0.57 -2.42 0.02 0.02 0.01 2.24 0.03
External group formation 0.00 0.02 -0.05 0.96 1.49 0.89 1.68 0.09 0.02 0.01 2.06 0.04
High extension exposure 0.09 0.06 1.37 0.17 9.31 2.55 3.64 0.00 0.28 0.03 9.13 0.00
Medium extension exposure 0.09 0.06 1.54 0.12 9.20 2.46 3.74 0.00 0.31 0.03 10.79 0.00
Intra-group variation ext. exposure 0.00 0.01 0.29 0.77 0.52 0.39 1.34 0.18 0.00 0.00 0.25 0.80
Extension contact -0.01 0.03 -0.34 0.74 -0.30 1.08 -0.28 0.78 -0.05 0.01 -3.71 0.00

Adjusted R² range between 0.19 and 0.76. 
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Statistics referring to Table 22: Model 1 

Average level of innovation adoption: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -5.01 0.00 . 3.33 1.08 3.09 0.00 2.25 0.36 6.29 0.00 1.67 0.09 18.66 0.00
H_HH size 1.59 0.00 . 0.10 0.30 0.32 0.75 -0.39 0.04 -10.51 0.00 -0.06 0.01 -4.31 0.00
H_Age  -0.19 0.00 . 0.02 0.03 0.72 0.47 -0.01 0.01 -1.41 0.16 0.00 0.00 1.34 0.18
H_Residence 0.17 0.00 . -0.05 0.05 -1.05 0.29 0.09 0.01 12.38 0.00 0.01 0.00 4.11 0.00
H_Farm size 0.32 0.00 . 0.02 0.06 0.41 0.68 0.29 0.05 6.41 0.00 0.13 0.05 2.69 0.01
H_Fertilizer -0.35 0.00 . 0.00 0.01 0.12 0.91 -0.00 0.00 -4.59 0.00 0.00 0.00 1.92 0.05
H_Cash-flow 0.01 0.00 . 0.00 0.00 -0.89 0.38 0.00 0.00 2.22 0.03 0.00 0.00 -1.74 0.08
H_Off-farm inc. 0.00 0.00 . 0.00 0.00 -0.61 0.54 -0.00 0.00 -9.72 0.00 0.00 0.00 6.41 0.00
H_GFIncome 0.00 0.00 . 0.00 0.00 0.56 0.57 -0.00 0.00 -6.58 0.00 0.00 0.00 -3.44 0.00
H_Sex HH head 1.64 0.00 . -0.85 0.89 -0.96 0.34 -1.75 0.24 -7.41 0.00 -0.30 0.06 -4.60 0.00
H_Educ. head 1.54 0.00 . -0.58 0.79 -0.74 0.46 -3.59 0.17 -21.54 0.00 -0.18 0.05 -3.38 0.00
H_Religious aff. 3.72 0.00 . -0.97 0.81 -1.19 0.24 1.00 0.15 6.83 0.00
H_Ethinic affil.   4.06 0.16 25.10 0.00
Netw size*Cohs   -0.42 0.13 -3.30 0.00 -9.93 0.40 -24.82 0.00 0.03 0.00 5.34 0.00
Density   1.43 0.44 3.27 0.00 98.64 7.02 14.05 0.00 -0.16 0.07 -2.11 0.03
Centrality 0.00 0.00 . 0.09 0.18 0.52 0.60 0.61 0.57 1.08 0.28 0.01 0.03 0.17 0.87
HH size 0.00 0.00 . 0.00 0.02 -0.14 0.89 0.00 0.00 -0.75 0.45 0.00 0.00 -0.67 0.50
Age HH head 0.00 0.00 . 0.00 0.00 0.40 0.69 0.00 0.00 -0.76 0.45 0.00 0.00 0.36 0.72
Educ. HH head 0.00 0.00 . 0.01 0.01 0.69 0.49 0.00 0.00 1.48 0.14 0.00 0.00 -0.03 0.98
GFI 0.00 0.00 . 0.00 0.00 0.15 0.88 0.00 0.00 -0.49 0.62 0.00 0.00 0.27 0.79
% off-farm inc. 0.00 0.00 . -0.01 0.18 -0.05 0.96 0.07 0.03 2.32 0.02 -0.07 0.04 -1.79 0.07
Residential status   -0.01 0.16 -0.05 0.96 -0.02 0.04 -0.55 0.58 0.02 0.02 1.06 0.29
Extension cont. 0.00 0.00 . -0.07 0.10 -0.74 0.46  0.01 0.03 0.23 0.82
Extern. initiation 0.00 0.00 . 0.00 0.16 0.03 0.98 0.02 0.04 0.48 0.63 0.00 0.03 -0.08 0.94
High ext. expos.   0.06 0.66 0.09 0.93 -0.07 0.02 -3.18 0.00
Medium ext. exp   -0.12 0.55 -0.22 0.83 -0.03 0.02 -1.78 0.08 0.02 0.02 1.55 0.12
Dev. ext. expos. -0.01 0.00 . -0.02 0.13 -0.16 0.87 -0.07 0.01 -4.86 0.00 0.05 0.01 3.82 0.00
Act. prom. innov 0.07 0.00 . 0.12 0.05 2.35 0.02 -0.53 0.02 -26.28 0.00 0.09 0.01 6.51 0.00
Promoted innov   0.22 0.09 2.37 0.02 -0.22 0.01 -14.99 0.00 0.02 0.02 0.94 0.35

Adjusted R² range between 0.09 and 1.00. 
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Duration of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -45.97 0.00 . 10.93 25.77 0.42 0.67 19.75 22.42 0.88 0.38 2.46 3.85 0.64 0.52
H_HH size 13.74 0.00 . 2.88 7.16 0.40 0.69 -16.42 2.32 -7.09 0.00 -0.62 0.56 -1.12 0.26
H_Age  -0.32 0.00 . -1.74 0.67 -2.59 0.01 1.56 0.55 2.85 0.00 0.09 0.09 0.91 0.36
H_Residence 0.02 0.00 . 2.50 1.15 2.16 0.03 0.42 0.46 0.93 0.35 0.39 0.09 4.47 0.00
H_Farm size 2.33 0.00 . 3.53 1.32 2.68 0.01 -5.80 2.88 -2.01 0.04 -2.53 2.04 -1.24 0.22
H_Fertilizer -3.42 0.00 . -1.62 0.36 -4.54 0.00 0.00 0.06 0.02 0.99 0.08 0.02 3.16 0.00
H_Cash-flow 0.09 0.00 . 0.01 0.01 1.04 0.30 0.09 0.01 10.89 0.00 -0.10 0.03 -3.54 0.00
H_Off-farm inc. -0.02 0.00 . 0.12 0.04 3.10 0.00 -0.12 0.01 -8.66 0.00 0.00 0.01 0.23 0.81
H_GFIncome -0.01 0.00 . -0.11 0.03 -3.28 0.00 0.02 0.01 2.01 0.04 0.01 0.00 5.00 0.00
H_Sex HH head 12.77 0.00 . -12.65 21.17 -0.60 0.55 47.35 14.78 3.20 0.00 8.87 2.76 3.21 0.00
H_Educ. head 20.85 0.00 . -53.56 18.83 -2.84 0.01 -56.47 10.44 -5.41 0.00 1.49 2.28 0.65 0.51
H_Religious aff. 9.13 0.00 . 38.84 19.45 2.00 0.05 -9.57 9.19 -1.04 0.30
H_Ethinic affil.   66.38 10.13 6.55 0.00
Netw size*Cohs   -9.54 3.02 -3.16 0.00 75.75 25.04 3.03 0.00 1.72 0.21 8.21 0.00
Density   12.65 10.49 1.21 0.23 3998.49 439.50 9.10 0.00 -14.3 3.20 -4.45 0.00
Centrality 0.00 0.00 . 3.75 4.20 0.89 0.37 -28.64 35.45 -0.81 0.42 -0.07 1.32 -0.05 0.96
HH size 0.00 0.00 . 0.23 0.48 0.49 0.63 -0.05 0.13 -0.39 0.69 -0.01 0.13 -0.06 0.96
Age HH head 0.00 0.00 . 0.02 0.06 0.41 0.68 -0.02 0.03 -0.85 0.40 -0.01 0.02 -0.27 0.79
Educ. HH head 0.00 0.00 . 0.20 0.26 0.77 0.44 -0.01 0.10 -0.07 0.94 0.04 0.09 0.41 0.68
GFI 0.00 0.00 . 0.00 0.00 1.09 0.28 0.00 0.00 -0.77 0.44 0.00 0.00 -0.46 0.64
% off-farm inc. 0.00 0.00 . -2.43 4.24 -0.57 0.57 1.98 2.01 0.99 0.32 2.08 1.58 1.32 0.19
Residential status   1.12 3.77 0.30 0.77 -1.08 2.35 -0.46 0.65 -0.57 0.77 -0.74 0.46
Extension cont. 0.00 0.00 . -0.42 2.38 -0.18 0.86  0.12 1.28 0.09 0.93
Extern. initiation 0.00 0.00 . 2.79 3.75 0.74 0.46 1.22 2.19 0.56 0.58 0.23 1.20 0.19 0.85
High ext. expos.   5.47 15.75 0.35 0.73 1.44 1.47 0.98 0.33
Medium ext. exp   10.32 13.05 0.79 0.43 1.47 1.06 1.39 0.17 -2.09 0.68 -3.10 0.00
Dev. ext. expos. 2.84 0.00 . -1.56 3.13 -0.50 0.62 0.25 0.86 0.29 0.77 2.19 0.56 3.92 0.00
Act. prom. innov -2.19 0.00 . -3.93 1.22 -3.21 0.00 -6.30 1.26 -5.01 0.00 -8.19 0.58 -14.3 0.00
Promoted innov   -1.15 2.23 -0.52 0.61 -0.84 0.93 -0.90 0.37 -4.04 0.76 -5.29 0.00

Adjusted R² range between 0.18 and 1.00. 
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Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) 0.75 0.00 1.3E+07 0.00 0.58 0.52 1.13 0.26 -0.58 0.19 -2.99 0.00 0.68 0.04 18.79 0.00
H_HH size -0.19 0.00 -2E+07 0.00 0.15 0.14 1.08 0.28 -0.05 0.02 -2.66 0.01 -0.03 0.01 -5.83 0.00
H_Age  0.05 0.00 5.5E+07 0.00 0.02 0.01 1.64 0.10 0.02 0.00 4.63 0.00 -0.00 0.00 -2.29 0.02
H_Residence 0.02 0.00 2E+07 0.00 -0.04 0.02 -1.93 0.06 0.01 0.00 1.99 0.05 0.01 0.00 8.06 0.00
H_Farm size 0.01 0.00 3192116 0.00 0.03 0.03 1.13 0.26 0.18 0.02 7.25 0.00 0.04 0.02 2.11 0.04
H_Fertilizer -0.01 0.00 -5E+06 0.00 -0.04 0.01 -5.65 0.00 -0.00 0.00 -2.92 0.00 0.00 0.00 1.46 0.14
H_Cash-flow 0.00 0.00 3.2E+07 0.00 0.00 0.00 0.32 0.75 -0.00 0.00 -6.16 0.00 0.00 0.00 -1.65 0.10
H_Off-farm inc. 0.00 0.00 -2E+06 0.00 0.00 0.00 0.66 0.51 0.00 0.00 0.56 0.58 0.00 0.00 2.81 0.01
H_GFIncome 0.00 0.00 -4E+06 0.00 0.00 0.00 -0.58 0.56 -0.00 0.00 -3.96 0.00 0.00 0.00 -1.33 0.18
H_Sex HH head -0.16 0.00 -6E+06 0.00 0.25 0.42 0.60 0.55 -0.39 0.13 -3.08 0.00 0.12 0.03 4.83 0.00
H_Educ. head -0.34 0.00 -2E+07 0.00 -1.13 0.38 -2.99 0.00 -1.45 0.09 -16.16 0.00 -0.03 0.02 -1.54 0.12
H_Religious aff. -0.03 0.00 -1E+06 0.00 0.12 0.39 0.31 0.76 0.47 0.08 5.97 0.00
H_Ethinic affil.   1.76 0.09 20.15 0.00
Netw size*Cohs   -0.12 0.06 -2.07 0.04 -2.62 0.22 -12.12 0.00 0.13 0.00 67.52 0.00
Density   0.49 0.21 2.31 0.02 102.21 3.79 26.97 0.00 -1.08 0.03 -36.0 0.00
Centrality 0.00 0.00 0.00 1.00 -0.05 0.08 -0.58 0.56 -0.83 0.31 -2.72 0.01 -0.01 0.01 -0.57 0.57
HH size 0.00 0.00 0.00 1.00 0.00 0.01 -0.04 0.97 0.00 0.00 0.18 0.86 0.00 0.00 -2.36 0.02
Age HH head 0.00 0.00 0.00 1.00 0.00 0.00 -0.21 0.83 0.00 0.00 -1.08 0.28 0.00 0.00 0.07 0.94
Educ. HH head 0.00 0.00 0.00 1.00 0.00 0.01 0.17 0.87 0.00 0.00 -0.28 0.78 0.00 0.00 0.74 0.46
GFI 0.00 0.00 0.00 1.00 0.00 0.00 -0.53 0.60 0.00 0.00 -0.22 0.83 0.00 0.00 -0.24 0.81
% off-farm inc. 0.00 0.00 0.00 1.00 0.03 0.09 0.32 0.75 0.01 0.02 0.82 0.41 -0.01 0.01 -0.69 0.49
Residential status   0.00 0.08 -0.05 0.96 0.01 0.02 0.41 0.68 -0.03 0.01 -3.92 0.00
Extension cont. 0.00 0.00 -2E-07 1.00 -0.09 0.05 -1.88 0.06  -0.02 0.01 -1.47 0.14
Extern. initiation 0.00 0.00 0.00 1.00 -0.01 0.08 -0.15 0.88 0.01 0.02 0.67 0.50 0.02 0.01 1.95 0.05
High ext. expos.   0.42 0.32 1.33 0.19 0.02 0.01 1.79 0.07
Medium ext. exp   0.43 0.26 1.66 0.10 0.01 0.01 1.40 0.16 0.05 0.01 7.78 0.00
Dev. ext. expos. -0.05 0.00 -3E+07 0.00 -0.03 0.06 -0.45 0.66 0.00 0.01 -0.24 0.81 0.03 0.01 6.28 0.00
Act. prom. innov -0.07 0.00 -3E+07 0.00 0.01 0.02 0.42 0.67 -0.17 0.01 -15.34 0.00 0.02 0.01 4.34 0.00
Promoted innov   0.07 0.04 1.51 0.13 -0.06 0.01 -7.70 0.00 0.00 0.01 -0.20 0.84

Adjusted R² range between 0.75 and 1.00. 
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Model 2 

Average level of innovation adoption: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -5.01 0.00 . -0.48 1.16 -0.41 0.68 1.63 0.30 5.46 0.00 1.70 0.13 13.45 0.00
H_HH size 1.59 0.00 . 0.95 0.29 3.29 0.00 -0.44 0.03 -14.37 0.00 -0.06 0.01 -4.24 0.00
H_Age  -0.19 0.00 . 0.09 0.03 3.07 0.00 0.02 0.01 3.09 0.00 0.00 0.00 1.19 0.23
H_Residence 0.17 0.00 . -0.23 0.05 -4.33 0.00 0.07 0.01 12.24 0.00 0.01 0.00 4.13 0.00
H_Farm size 0.32 0.00 . 0.60 0.14 4.18 0.00 0.51 0.04 12.63 0.00 0.12 0.05 2.50 0.01
H_Fertilizer -0.35 0.00 . 0.12 0.02 5.03 0.00 -0.00 0.00 -4.68 0.00 0.00 0.00 1.48 0.14
H_Cash-flow 0.01 0.00 . -0.01 0.00 -4.50 0.00 0.00 0.00 7.71 0.00 -0.00 0.00 -1.40 0.16
H_Off-farm inc. 0.00 0.00 . 0.00 0.00 1.86 0.06 -0.00 0.00 -1.81 0.07 0.00 0.00 4.69 0.00
H_GFIncome 0.00 0.00 . -0.00 0.00 -1.76 0.08 -0.00 0.00 -7.56 0.00 -0.00 0.00 -3.25 0.00
H_Sex HH head 1.64 0.00 . 2.61 1.13 2.31 0.02 -1.13 0.20 -5.70 0.00 -0.30 0.07 -4.24 0.00
H_Educ. head 1.54 0.00 . -0.97 0.73 -1.32 0.19 -3.27 0.14 -23.45 0.00 -0.18 0.06 -3.02 0.00
H_Religious aff. 3.72 0.00 . -1.56 0.83 -1.87 0.06 -0.46 0.15 -3.10 0.00
H_Ethinic affil.   3.85 0.13 28.66 0.00
Netw size*Cohs   -0.16 0.18 -0.92 0.36 -12.17 0.36 -34.17 0.00 0.03 0.01 4.86 0.00
Density   4.02 0.65 6.16 0.00 102.98 5.81 17.72 0.00 -0.16 0.08 -2.13 0.03
Centrality 0.00 0.00 . 0.09 0.16 0.60 0.55 0.88 0.47 1.88 0.06 0.00 0.03 0.16 0.87
HH size 0.00 0.00 . 0.00 0.02 -0.19 0.85 0.00 0.00 -1.20 0.23 0.00 0.00 -0.70 0.48
Age HH head 0.00 0.00 . 0.00 0.00 0.49 0.62 0.00 0.00 -0.46 0.65 0.00 0.00 0.33 0.74
Educ. HH head 0.00 0.00 . 0.00 0.01 0.48 0.63 0.00 0.00 1.89 0.06 0.00 0.00 -0.02 0.98
GFI 0.00 0.00 . 0.00 0.00 0.44 0.66 0.00 0.00 -0.75 0.45 0.00 0.00 0.27 0.79
% off-farm inc. 0.00 0.00 . -0.04 0.15 -0.28 0.78 0.06 0.03 2.38 0.02 -0.07 0.04 -1.79 0.07
Residential status   0.00 0.14 0.03 0.97 -0.02 0.03 -0.67 0.50 0.02 0.02 1.01 0.31
Extension cont. 0.00 0.00 . 0.02 0.09 0.21 0.84  0.01 0.03 0.23 0.82
Extern. initiation 0.00 0.00 . 0.02 0.14 0.17 0.87 0.00 0.03 -0.01 0.99 0.00 0.03 -0.08 0.94
High ext. expos.   1.23 0.69 1.80 0.07 -0.09 0.02 -4.40 0.00
Medium ext. exp   0.47 0.62 0.76 0.45 -0.04 0.01 -2.87 0.00 0.03 0.02 1.59 0.11
Dev. ext. expos. -0.01 0.00 . 0.37 0.22 1.69 0.09 -0.07 0.01 -5.78 0.00 0.05 0.01 3.42 0.00
Act. prom. innov 0.07 0.00 . 0.00 0.05 0.04 0.97 -0.45 0.02 -25.85 0.00 0.09 0.01 6.52 0.00
Promoted innov   0.10 0.08 1.25 0.22 -0.16 0.01 -12.38 0.00 0.02 0.02 0.93 0.35
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Durtn membersh   -0.00 0.00 -5.11 0.00  0.00 0.00 -0.21 0.83
Purpose several   -3.75 0.56 -6.66 0.00  -0.01 0.03 -0.34 0.74
Purpose Cash   4.13 1.18 3.49 0.00  
Purpose Farm   -0.79 0.44 -1.79 0.07      0.01 0.03 0.21 0.83

Adjusted R² range between 0.09 and 1.00. 

Duration of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -45.97 0.00 . -2.95 31.37 -0.09 0.93 -17.09 19.14 -0.89 0.37 12.50 5.38 2.32 0.02
H_HH size 13.74 0.00 . 1.73 7.77 0.22 0.82 -19.56 1.97 -9.91 0.00 -0.82 0.56 -1.47 0.14
H_Age  -0.32 0.00 . -1.01 0.76 -1.34 0.18 3.68 0.48 7.59 0.00 0.12 0.10 1.19 0.23
H_Residence 0.02 0.00 . 1.60 1.42 1.13 0.26 -0.50 0.39 -1.28 0.20 0.41 0.09 4.78 0.00
H_Farm size 2.33 0.00 . -0.10 3.91 -0.03 0.98 6.63 2.56 2.59 0.01 -2.38 2.10 -1.13 0.26
H_Fertilizer -3.42 0.00 . -0.77 0.63 -1.24 0.22 0.04 0.05 0.82 0.42 0.08 0.03 2.83 0.00
H_Cash-flow 0.09 0.00 . 0.05 0.05 1.06 0.29 0.12 0.01 17.00 0.00 -0.05 0.03 -1.60 0.11
H_Off-farm inc. -0.02 0.00 . 0.11 0.04 2.51 0.01 -0.01 0.01 -1.13 0.26 0.01 0.01 1.12 0.26
H_GFIncome -0.01 0.00 . -0.10 0.04 -2.59 0.01 0.02 0.01 2.74 0.01 0.01 0.00 3.86 0.00
H_Sex HH head 12.77 0.00 . -41.66 30.45 -1.37 0.17 83.91 12.74 6.59 0.00 10.97 3.03 3.62 0.00
H_Educ. head 20.85 0.00 . -29.31 19.86 -1.48 0.14 -37.12 8.93 -4.16 0.00 -6.04 2.59 -2.33 0.02
H_Religious aff. 9.13 0.00 . 70.67 22.57 3.13 0.00 -96.27 9.55 -10.08 0.00
H_Ethinic affil.   54.02 8.62 6.27 0.00
Netw size*Cohs   4.43 4.76 0.93 0.35 -56.87 22.84 -2.49 0.01 1.58 0.22 7.15 0.00
Density   -1.90 17.63 -0.11 0.91 4254.85 372.75 11.41 0.00 -13.6 3.21 -4.23 0.00
Centrality 0.00 0.00 . 0.36 4.22 0.09 0.93 -12.57 30.06 -0.42 0.68 -0.04 1.31 -0.03 0.98
HH size 0.00 0.00 . 0.14 0.46 0.29 0.77 -0.08 0.11 -0.73 0.47 -0.02 0.13 -0.13 0.90
Age HH head 0.00 0.00 . 0.01 0.06 0.23 0.82 -0.01 0.02 -0.58 0.56 -0.01 0.02 -0.56 0.58
Educ. HH head 0.00 0.00 . 0.06 0.25 0.25 0.80 0.00 0.09 0.00 1.00 -0.01 0.09 -0.13 0.90
GFI 0.00 0.00 . 0.00 0.00 0.35 0.73 0.00 0.00 -1.05 0.29 0.00 0.00 0.03 0.97
% off-farm inc. 0.00 0.00 . -0.34 4.18 -0.08 0.93 1.32 1.71 0.77 0.44 1.93 1.57 1.23 0.22
Residential status   1.06 3.65 0.29 0.77 -1.08 1.99 -0.54 0.59 -0.50 0.76 -0.66 0.51
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Extension cont. 0.00 0.00 . -0.37 2.42 -0.15 0.88  0.25 1.27 0.20 0.84
Extern. initiation 0.00 0.00 . 1.34 3.67 0.36 0.72 0.21 1.86 0.11 0.91 -1.94 1.25 -1.56 0.12
High ext. expos.   39.67 18.53 2.14 0.03 0.81 1.24 0.65 0.52
Medium ext. exp   44.83 16.72 2.68 0.01 0.87 0.90 0.97 0.33 -1.41 0.73 -1.95 0.05
Dev. ext. expos. 2.84 0.00 . -14.19 5.92 -2.40 0.02 0.31 0.73 0.43 0.67 1.71 0.61 2.81 0.01
Act. prom. innov -2.19 0.00 . -3.25 1.35 -2.40 0.02 -1.51 1.11 -1.36 0.17 -8.20 0.57 -14.3 0.00
Promoted innov   -1.39 2.23 -0.63 0.53 2.94 0.83 3.56 0.00 -4.48 0.76 -5.89 0.00
Durtn membersh   0.01 0.02 0.56 0.57  -0.71 0.13 -5.29 0.00
Purpose several   -40.05 15.20 -2.63 0.01  0.45 1.18 0.38 0.70
Purpose Cash   -31.45 31.95 -0.98 0.33  
Purpose Farm   21.47 11.89 1.81 0.07      1.51 1.07 1.42 0.16

Adjusted R² range between 0.19 and 1.00. 

Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion    Wote    Bola Buta   Abraha Atsbaha
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig.

(Constant) 0.75 0.00 1E+07 0.00 -1.88 0.38 -4.92 0.00 -0.84 0.18 -4.76 0.00 0.55 0.05 11.82 0.00
H_HH size -0.19 0.00 -2E+07 0.00 0.75 0.09 7.89 0.00 -0.08 0.02 -4.15 0.00 -0.04 0.00 -8.54 0.00
H_Age  0.05 0.00 5E+07 0.00 0.04 0.01 3.84 0.00 0.04 0.00 8.25 0.00 0.00 0.00 0.31 0.76
H_Residence 0.02 0.00 2E+07 0.00 -0.11 0.02 -6.14 0.00 0.00 0.00 0.38 0.70 0.01 0.00 6.97 0.00
H_Farm size 0.01 0.00 3E+06 0.00 0.54 0.05 11.30 0.00 0.27 0.02 11.34 0.00 0.08 0.02 4.28 0.00
H_Fertilizer -0.01 0.00 -5E+06 0.00 0.06 0.01 7.97 0.00 -0.00 0.00 -2.62 0.01 0.00 0.00 11.43 0.00
H_Cash-flow 0.00 0.00 3E+07 0.00 -0.01 0.00 -9.85 0.00 -0.00 0.00 -2.89 0.00 -0.00 0.00 -8.31 0.00
H_Off-farm inc. 0.00 0.00 -2E+06 0.00 0.00 0.00 6.92 0.00 0.00 0.00 6.46 0.00 0.00 0.00 -4.28 0.00
H_GFIncome 0.00 0.00 -4E+06 0.00 -0.00 0.00 -6.92 0.00 -0.00 0.00 -4.10 0.00 0.00 0.00 6.83 0.00
H_Sex HH head -0.16 0.00 -6E+06 0.00 2.77 0.37 7.48 0.00 -0.14 0.12 -1.17 0.24 0.14 0.03 5.32 0.00
H_Educ. head -0.34 0.00 -2E+07 0.00 -1.60 0.24 -6.62 0.00 -1.32 0.08 -16.08 0.00 -0.01 0.02 -0.29 0.77
H_Religious aff. -0.03 0.00 -1E+06 0.00 -0.92 0.27 -3.35 0.00 -0.13 0.09 -1.54 0.13
H_Ethinic affil.   1.67 0.08 21.14 0.00
Netw size*Cohs   -0.01 0.06 -0.12 0.91 -3.55 0.21 -16.91 0.00 0.15 0.00 76.41 0.00
Density   1.71 0.21 7.95 0.00 104.00 3.42 30.39 0.00 -1.01 0.03 -36.7 0.00
Centrality 0.00 0.00 0.00 1.00 0.00 0.05 0.01 1.00 -0.72 0.28 -2.61 0.01 0.00 0.01 -0.38 0.71
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HH size 0.00 0.00 0.00 1.00 0.00 0.01 0.81 0.42 0.00 0.00 -0.01 0.99 0.00 0.00 -1.65 0.10
Age HH head 0.00 0.00 0.00 1.00 0.00 0.00 -0.21 0.84 0.00 0.00 -0.87 0.38 0.00 0.00 0.77 0.44
Educ. HH head 0.00 0.00 0.00 1.00 0.00 0.00 0.27 0.79 0.00 0.00 -0.25 0.81 0.00 0.00 0.78 0.44
GFI 0.00 0.00 0.00 1.00 0.00 0.00 0.81 0.42 0.00 0.00 -0.35 0.72 0.00 0.00 -0.16 0.87
% off-farm inc. 0.00 0.00 0.00 1.00 -0.04 0.05 -0.74 0.46 0.01 0.02 0.61 0.54 0.00 0.01 -0.36 0.72
Residential status   0.01 0.04 0.25 0.80 0.01 0.02 0.45 0.65 -0.02 0.01 -2.52 0.01
Extension cont. 0.00 0.00 0.00 1.00 0.03 0.03 0.87 0.39  -0.01 0.01 -0.79 0.43
Extern. initiation 0.00 0.00 0.00 1.00 0.01 0.04 0.27 0.79 0.01 0.02 0.33 0.74 0.02 0.01 1.51 0.13
High ext. expos.   0.70 0.23 3.11 0.00 0.02 0.01 1.59 0.11
Medium ext. exp   0.22 0.20 1.08 0.28 0.01 0.01 1.04 0.30 0.01 0.01 1.00 0.32
Dev. ext. expos. -0.05 0.00 -3E+07 0.00 0.43 0.07 5.95 0.00 0.00 0.01 -0.20 0.84 0.02 0.01 3.49 0.00
Act. prom. innov -0.07 0.00 -3E+07 0.00 -0.03 0.02 -2.10 0.04 -0.13 0.01 -13.04 0.00 0.02 0.00 3.36 0.00
Promoted innov   0.03 0.03 0.93 0.35 -0.04 0.01 -4.67 0.00 0.00 0.01 -0.52 0.61
Durtn membersh   -0.00 0.00 -5.57 0.00  0.00 0.00 1.75 0.08
Purpose several   -2.15 0.19 -11.64 0.00  0.06 0.01 6.31 0.00
Purpose Cash   3.41 0.39 8.76 0.00  
Purpose Farm   -1.41 0.14 -9.74 0.00      -0.15 0.01 -16.4 0.00

Adjusted R² range between 0.81 and 0.91. 
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Statistics referring to Table 25:  

Average level of innovation adoption: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -2.32 3.26 -0.71 0.48 -15.39 8.18 -1.88 0.06 -8.70 1.15 -7.56 0.00 1.50 0.17 8.79 0.00
Motivation -0.01 1.10 -0.01 0.99 8.74 5.59 1.56 0.12  -0.05 0.19 -0.27 0.79
Identification   -8.18 4.31 -1.90 0.06  0.54 0.24 2.28 0.02
Communication   62.48 27.72 2.25 0.03  -0.01 0.17 -0.06 0.95
Commitment   -15.36 7.94 -1.93 0.06 11.81 1.33 8.87 0.00 -0.22 0.23 -0.93 0.35
Involvement 6.34 3.71 1.71 0.09 -23.85 10.20 -2.34 0.02  -0.29 0.18 -1.61 0.11
Netw size*Cohs 0.09 0.02 3.63 0.00 -0.05 0.09 -0.56 0.58 -6.03 0.53 -11.33 0.00 0.03 0.00 6.59 0.00
Density -0.91 0.64 -1.42 0.16 0.74 0.38 1.97 0.05 104.22 9.24 11.28 0.00 -0.28 0.07 -4.00 0.00
Centrality 0.00 0.08 0.05 0.96 0.13 0.18 0.73 0.47 -0.69 0.98 -0.70 0.48 0.01 0.03 0.25 0.80
HH size 0.00 0.01 -0.43 0.67 0.00 0.02 -0.14 0.89 0.00 0.00 -0.62 0.53 0.00 0.00 -1.25 0.21
Age of HH head 0.00 0.00 -0.34 0.73 0.00 0.00 0.50 0.62 0.00 0.00 -0.16 0.88 0.00 0.00 0.43 0.67
Educ. HH head 0.00 0.01 -0.40 0.69 0.01 0.01 0.57 0.57 0.00 0.00 1.74 0.08 0.00 0.00 0.29 0.78
GFI 0.00 0.00 0.10 0.92 0.00 0.00 0.45 0.65 0.00 0.00 -0.91 0.36 0.00 0.00 -0.91 0.36
% off-farm inc. 0.07 0.10 0.75 0.46 0.00 0.18 -0.01 0.99 0.02 0.06 0.40 0.69 -0.03 0.04 -0.85 0.39
Residential status   -0.03 0.16 -0.18 0.86 -0.03 0.07 -0.39 0.69 0.00 0.02 0.24 0.81
Extension cont. 0.04 0.07 0.65 0.52 0.02 0.11 0.15 0.88  0.01 0.03 0.43 0.67
Extern. initiation -0.02 0.05 -0.38 0.70 0.06 0.16 0.35 0.73 0.02 0.06 0.31 0.75 0.00 0.03 -0.13 0.90
High ext. expos.   0.30 0.29 1.01 0.31 -0.04 0.04 -1.10 0.27
Medium ext exp.   0.31 0.28 1.12 0.26 -0.01 0.03 -0.44 0.66 0.01 0.02 0.78 0.44
Dev. ext. expos. -0.15 0.06 -2.62 0.01 -0.11 0.08 -1.39 0.17 -0.04 0.02 -1.57 0.12 0.01 0.01 0.98 0.33
Act. prom. innov -0.20 0.08 -2.41 0.02 0.08 0.05 1.76 0.08 -0.28 0.03 -10.30 0.00 0.07 0.01 5.05 0.00
Promoted innov 0.00 0.08 -0.05 0.96 0.17 0.10 1.83 0.07 -0.04 0.02 -1.71 0.09 0.00 0.02 0.26 0.80

Adjusted R² range between 0.05 and 0.51. 
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Duration of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -233.4 35.02 -6.67 0.00 -841.32 201.45 -4.18 0.00 -63.06 55.26 -1.14 0.25 29.83 7.22 4.13 0.00
Motivation 51.52 11.82 4.36 0.00 347.75 137.76 2.52 0.01  -38.8 8.13 -4.77 0.00
Identification   -189.51 106.13 -1.79 0.08  8.94 9.97 0.90 0.37
Communication   2070.01 682.80 3.03 0.00  -20.9 7.10 -2.94 0.00
Commitment   -571.94 195.66 -2.92 0.00 111.12 63.99 1.74 0.08 41.71 9.80 4.26 0.00
Involvement 256.94 39.87 6.44 0.00 -527.50 251.16 -2.10 0.04  16.25 7.53 2.16 0.03
Netw size*Cohs 0.66 0.25 2.60 0.01 8.75 2.33 3.75 0.00 3.14 25.54 0.12 0.90 1.94 0.19 10.04 0.00
Density 2.89 6.91 0.42 0.68 -23.07 9.28 -2.49 0.01 6954.08 443.56 15.68 0.00 -16.7 2.96 -5.66 0.00
Centrality -0.14 0.86 -0.16 0.87 0.51 4.32 0.12 0.91 -75.73 47.14 -1.61 0.11 0.24 1.33 0.18 0.86
HH size -0.07 0.11 -0.65 0.52 -0.10 0.51 -0.20 0.84 -0.02 0.18 -0.11 0.91 0.05 0.13 0.36 0.72
Age of HH head -0.01 0.03 -0.45 0.65 0.01 0.06 0.14 0.89 -0.02 0.03 -0.52 0.60 0.02 0.02 0.79 0.43
Educ. HH head -0.04 0.10 -0.43 0.67 -0.03 0.27 -0.12 0.91 0.07 0.14 0.53 0.60 0.05 0.09 0.51 0.61
GFI 0.00 0.00 -0.01 0.99 0.00 0.00 0.45 0.65 0.00 0.00 -0.75 0.45 0.00 0.00 0.39 0.70
% off-farm inc. 0.39 1.05 0.37 0.71 -0.22 4.54 -0.05 0.96 0.07 2.70 0.03 0.98 1.37 1.56 0.88 0.38
Residential status   0.36 4.02 0.09 0.93 0.26 3.14 0.08 0.93 -0.41 0.77 -0.53 0.60
Extension cont. 0.18 0.72 0.24 0.81 1.02 2.76 0.37 0.71  -0.24 1.28 -0.19 0.85
Extern. initiation -0.02 0.59 -0.03 0.97 2.19 4.03 0.54 0.59 0.85 2.95 0.29 0.77 -1.11 1.22 -0.91 0.36
High ext. expos.   40.84 7.25 5.63 0.00 2.73 1.96 1.39 0.16
Medium ext exp.   40.72 6.80 5.99 0.00 2.44 1.41 1.73 0.08 -2.01 0.73 -2.77 0.01
Dev. ext. expos. 3.06 0.62 4.91 0.00 -11.14 1.92 -5.79 0.00 0.37 1.15 0.33 0.74 -0.29 0.60 -0.49 0.63
Act. prom. innov -5.30 0.89 -5.95 0.00 -4.82 1.19 -4.05 0.00 -9.18 1.29 -7.09 0.00 -8.00 0.57 -14.1 0.00
Promoted innov -3.05 0.90 -3.40 0.00 -1.05 2.34 -0.45 0.66 -1.93 1.00 -1.94 0.05 -3.75 0.76 -4.90 0.00

Adjusted R² range between 0.17 and 0.69. 
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Homogeneity of innovation spread among network members: Multivariate linear regression analysis 
  Case study Mongorion     Wote       Bola Buta     Abraha Atsbaha  
Model variables B SE t Sig. B SE t Sig. B SE t Sig. B SE t Sig. 
(Constant) -8.00 0.41 -19.6 0.00 -11.49 4.04 -2.85 0.01 -2.01 0.53 -3.79 0.00 1.32 0.06 21.31 0.00
Motivation 3.05 0.14 22.06 0.00 3.56 2.76 1.29 0.20  -1.46 0.07 -20.9 0.00
Identification   -7.17 2.13 -3.37 0.00  1.26 0.09 14.75 0.00
Communication   38.56 13.68 2.82 0.01  -0.33 0.06 -5.45 0.00
Commitment   -7.02 3.92 -1.79 0.08 2.39 0.62 3.88 0.00 -0.80 0.08 -9.54 0.00
Involvement 8.05 0.47 17.29 0.00 -11.37 5.03 -2.26 0.03  0.53 0.06 8.28 0.00
Netw size*Cohs 0.15 0.00 49.46 0.00 0.28 0.05 6.09 0.00 -1.19 0.25 -4.82 0.00 0.13 0.00 81.31 0.00
Density -0.61 0.08 -7.57 0.00 -0.68 0.19 -3.64 0.00 85.64 4.27 20.05 0.00 -1.16 0.03 -45.8 0.00
Centrality -0.01 0.01 -0.78 0.44 -0.10 0.09 -1.17 0.24 -1.64 0.45 -3.61 0.00 -0.01 0.01 -0.56 0.57
HH size 0.00 0.00 -1.00 0.32 0.00 0.01 -0.10 0.92 0.00 0.00 0.28 0.78 0.00 0.00 -2.34 0.02
Age of HH head 0.00 0.00 0.35 0.73 0.00 0.00 -0.81 0.42 0.00 0.00 -0.46 0.64 0.00 0.00 -1.16 0.25
Educ. HH head 0.00 0.00 0.34 0.73 -0.01 0.01 -1.13 0.26 0.00 0.00 0.41 0.68 0.00 0.00 0.95 0.34
GFI 0.00 0.00 0.12 0.91 0.00 0.00 -0.53 0.60 0.00 0.00 0.01 1.00 0.00 0.00 0.68 0.50
% off-farm inc. -0.01 0.01 -0.86 0.39 0.05 0.09 0.50 0.62 0.00 0.03 -0.13 0.90 0.01 0.01 1.09 0.28
Residential status   -0.01 0.08 -0.16 0.87 0.01 0.03 0.38 0.71 -0.02 0.01 -3.73 0.00
Extension cont. -0.01 0.01 -0.67 0.50 -0.01 0.06 -0.14 0.89  0.00 0.01 -0.32 0.75
Extern. initiation 0.00 0.01 -0.04 0.97 0.01 0.08 0.15 0.88 0.01 0.03 0.47 0.64 -0.04 0.01 -4.19 0.00
High ext. expos.   1.37 0.15 9.42 0.00 0.04 0.02 2.07 0.04
Medium ext exp.   1.42 0.14 10.40 0.00 0.02 0.01 1.50 0.13 0.02 0.01 3.13 0.00
Dev. ext. expos. 0.07 0.01 9.93 0.00 -0.37 0.04 -9.59 0.00 0.01 0.01 1.14 0.26 -0.03 0.01 -6.04 0.00
Act. prom. innov -0.13 0.01 -12.4 0.00 -0.02 0.02 -0.87 0.39 -0.04 0.01 -3.56 0.00 0.02 0.00 4.34 0.00
Promoted innov -0.08 0.01 -7.19 0.00 0.01 0.05 0.30 0.76 0.02 0.01 2.41 0.02 -0.01 0.01 -0.88 0.38

Adjusted R² range between 0.47 and 0.99. 
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Annex 5 

Perceived innovation complexity as ranked by key informants and magnitude of innovation promotion: 
Mongorion 

Innovation 

Christopher, 
VI zonal 
manager,  
8/12/04 

Clement 
Alisoreng, 

VI field 
extensionist, 

8/12/04 

Stephen 
Yarakore, 

farmer, 
Area assis-
tant chief, 
7/12/ 04 

Rhoda Rion-
gopus, 

farmer, fe-
male-headed 
household, 

6/12/04 

Mean 
com-
plex-

ity 
rank 

Final 
com-

plexity 
rank# 

Inno-
vation 
com-

plexity 
category+

Magni-
tude of 
innova-

tion 
promo-

tion*  
Fruit tree  
grafting 20 15 22 22 19.75 22 1 0 

Gully  
rehabilitation 21 22 21 12 19 21 1 1 

Chem. fertiliz-
ers/ pesticides 18 21 13 20 18 20 1 1 

Loan/  
bank account 22 15 13 21 17.75 19 1 0 

Seed/ wildling  
collection 15 15 18 12 15 18 1 2 

Fodder banks 
 17 15 16 9 14.25 17 2 1 

Improved  
maize varieties 16 15 13 7 12.75 15 2 1 

Farm woodlot 
 7 7 20 17 12.75 15 2 1 

Water  
harvesting 8 7 16 17 12 14 2 2 

Terraces/  
stone lining 14 7 10 16 11.75 13 2 2 

Improved  
cooking stove 19 7 1 19 11.5 12 3 1 

Contour  
hedgerows 2 13 19 1 8.75 10 3 2 

Intercropping 
 10 15 3 7 8.75 10 3 1 

Home nursery 
 13 7 12 1 8.25 9 3 2 

Zai pits 
 9 2 8 9 7 8 3 2 

Enclosed  
pasture 11 5 10 1 6.75 6 4 2 

Protection of  
natural trees 11 1 3 12 6.75 6 4 1 

Trashlines 
 4 4 9 9 6.5 4 4 2 

Windbreaks 
 6 13 6 1 6.5 4 4 0 

Pruning/  
pollarding 3 5 3 12 5.75 3 4 2 

Living fences 
 5 7 6 1 4.75 2 4 0 

Direct sowing 
of grasses/ trees 1 2 1 1 1.25 1 4 2 

#Perceived complexity ranks range from 1 (most simple) to 22 (most complex). +Categories of perceived innova-
tion complexity range from 1 (high complexity) to 4 (very low complexity). *Magnitude of innovation promotion 
has been classified as 0 (local innovation/ not promoted), 1 (less actively promoted innovation, e.g. advice pro-
vided by governmental extension agency) or 2 (very actively promoted innovation, e.g. inputs provided by ex-
tension project) using secondary and interview data. 
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Perceived innovation complexity as ranked by key informants and magnitude of innovation promotion: Wote 

Innovation 

Bernard 
Masamba, 

Village 
headman, 
10/02/05 

Kioko 
Kathalika, 
Farmer, 
Diocese 
Commu-

nity 
worker, 
21/02/05 

Sarah 
Kithuka, 
District 
Forest 

Extension 
Officer, 
22/02/05 

Jan v. d. 
Abeele, 

BTC 
Chief 

Technical 
Adviser, 
25/02/05 

Machai 
Muturi, 

BTC 
Target 
farmer, 

22/02/05 

Mean 
com-
plex-

ity 
rank 

Final 
com-

plexity 
rank# 

Inno-
vation 
com-

plexity 
category+ 

Mag-
nitude 

of 
inno-
vation 
pro-
mo-
tion*  

Borehole,  
water well 20 21 19 5 17 16.4 22 1 2 

Drip line  
irrigation 17 20 20 4 17 15.6 21 1 2 

Loan/  
bank account 20 22 6 7 22 15.4 20 1 2 

Inter-/  
Alley cropping 9 13 14 22 10 13.6 19 1 0 

Fruit tree  
grafting 15 19 6 11 14 13 18 1 0 

Fruit tree  
orchard 16 15 6 12 11 12 16 2 2 

Anti-evapora-
tion covers 20 7 14 2 17 12 16 2 2 

Chem. fertiliz-
ers/ pesticides 13 16 14 6 9 11.6 15 2 1 

Zero grazing/  
Fodder banks 6 18 18 1 14 11.4 13 2 0 

Bee keeping 
 11 10 1 21 14 11.4 13 2 2 

Compost  
making 3 5 20 15 13 11.2 12 3 0 

Improved  
maize varieties 14 12 11 14 4 11 10 3 1 

Gully  
rehabilitation 8 17 20 3 7 11 10 3 0 

Pruning/  
pollarding 5 14 14 19 2 10.8 9 3 2 

Contour-bench  
terraces 12 11 11 8 8 10 7 3 1 

Living fences 
 7 9 11 20 3 10 7 3 0 

Home/ com-
mercial nursery 10 6 1 17 11 9 4 4 2 

Farm woodlot 
 19 8 1 13 4 9 4 4 2 

Improved  
cooking stove 18 1 6 16 4 9 4 4 2 

Water storage 
 2 2 6 9 17 7.2 3 4 2 

Water  
harvesting 1 2 4 9 17 6.6 2 4 2 

Seed/ wildling  
collection 4 4 4 18 1 6.2 1 4 2 

#Perceived complexity ranks range from 1 (most simple) to 22 (most complex). +Categories of perceived innova-
tion complexity range from 1 (high complexity) to 4 (very low complexity). *Magnitude of innovation promotion 
has been classified as 0 (local innovation/ not promoted), 1 (less actively promoted innovation, e.g. advice pro-
vided by governmental extension agency) or 2 (very actively promoted innovation, e.g. inputs provided by ex-
tension project) using secondary and interview data. 
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Perceived innovation complexity as ranked by key informants and magnitude of innovation promotion: Bola 
Buta 

Innovation 

Salomon 
Getachew, 
extension 
worker of 
Bureau of 
Agricul-

ture, 
21/11/05 

Getu 
Tasew, 

successful 
farmer, 

23/11/05 

Habtamu, 
GTZ 

expert, 
7/12/05 

Kabede 
Tufa, 

average 
farmer, 

12/12/05 

Ayele 
Abebe, 
Lume 

Woreda 
Natural 

Resource 
Office, 

19/12/05 

Mean 
com-
plex-

ity 
rank 

Final 
com-

plexity 
rank# 

Inno-
vation 
com-

plexity 
category+

Mag-
nitude 

of 
inno-
vation 
pro-
mo-
tion*  

Chem. fertiliz-
ers/ pesticides 14 22 16 22 22 19.2 22 1 1 

Borehole,  
water well 20 13 19 21 21 18.8 21 1 0 

Contour-bench 
terraces 9 20 22 14 20 17 18 1 1 

Gully  
rehabilitation 16 18 21 15 15 17 18 1 2 

Loan/  
bank account 22 21 4 19 19 17 18 1 1 

Improved  
maize varieties 12 16 17 13 16 14.8 17 2 1 

Compost  
making 17 19 13 5 14 13.6 16 2 1 

Water  
harvesting 18 3 20 17 4 12.4 15 2 1 

Fodder banks/ 
Zero-grazing 5 2 15 20 17 11.8 14 2 1 

Water storage 
 1 15 18 18 3 11 13 2 1 

Inter-/  
Alley cropping 10 17 7 6 13 10.6 11 3 0 

Area closure 
 13 9 7 16 8 10.6 11 3 2 

Bee keeping 
 19 10 5 11 5 10 10 3 1 

Fruit tree  
orchard 11 14 5 10 9 9.8 9 3 2 

Living fences 
 8 7 12 4 12 8.6 8 3 0 

Farm woodlot 
 15 8 2 7 10 8.4 6 4 2 

Charcoal  
making 21 6 1 12 2 8.4 6 4 0 

Pruning/  
pollarding 6 11 10 2 11 8 5 4 0 

Multi-storey  
garden 6 4 14 8 6 7.6 4 4 1 

Boundary plan-
ting of trees 1 12 3 3 18 7.4 3 4 0 

Tree seed  
collection 1 5 10 9 7 6.4 2 4 1 

Mulching 
 1 1 9 1 1 2.6 1 4 0 

#Perceived complexity ranks range from 1 (most simple) to 22 (most complex). +Categories of perceived innova-
tion complexity range from 1 (high complexity) to 4 (very low complexity). *Magnitude of innovation promotion 
has been classified as 0 (local innovation/ not promoted), 1 (less actively promoted innovation, e.g. advice pro-
vided by governmental extension agency) or 2 (very actively promoted innovation, e.g. inputs provided by ex-
tension project) using secondary and interview data. 
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Perceived innovation complexity as ranked by key informants and magnitude of innovation promotion: Abraha 
Atsbaha 

Innovation 

Hailu Abay, 
Head Natu-

ral Re-
source 

Department 
Wukro, 

10/02/06 

Yemane 
Tekle Hai-

manot, 
WFP ex-

pert, 
Mekelle, 
07/02/06 

Gebre-
gziabher 
Lemma, 

GTZ Wa-
tershed 
Expert, 

15/02/06 

Hailemariam 
Hagos, Agri-
culture De-
velopment 

Agent, 
25/02/06 

Mean 
com-
plex-

ity 
rank 

Final 
com-

plexity 
rank# 

Inno-
vation 
com-

plexity 
category+ 

Magni-
tude of 
innova-

tion 
promo-

tion*  
Fruit tree  
orchard 10 12 21 18 15.3 22 1 2 

Water storage 
 10 20 20 10 15.0 21 1 2 

Home garden 
 10 15 16 18 14.8 20 1 1 

Water  
harvesting 10 20 18 10 14.5 19 1 2 

Gully  
rehabilitation 7 15 12 18 13.0 18 1 2 

Zero grazing/  
Fodder banks 10 5 18 17 12.5 17 2 2 

Shallow well,  
borehole 7 15 13 10 11.3 16 2 2 

Chem. fertiliz-
ers/ pesticides 10 15 8 10 10.8 15 2 2 

Farm woodlot 
 10 5 16 10 10.3 14 2 2 

Home nursery 
 1 5 15 18 9.8 13 2 0 

Bee keeping 
 10 9 12 5 9.0 12 3 2 

Mulching 
 10 19 2 3 8.5 11 3 0 

Improved  
maize varieties 6 12 5 10 8.3 10 3 2 

Faidherbia 
intercropping 1 1 8 22 8.0 9 3 0 

Compost  
making 7 12 2 9 7.5 7 3 2 

Physical tree  
protection 10 9 8 3 7.5 7 3 1 

Living fences 
 1 9 5 10 6.3 6 4 0 

Loan/  
bank account 10 3 5 5 5.8 5 4 2 

Boundary plan-
ting of trees 1 5 14 2 5.5 4 4 0 

Tree seedling  
collection 10 4 2 5 5.3 3 4 0 

Pruning/  
pollarding 1  11 1 4.3 2 4 0 

Improved  
cooking stove  2 1 5 2.7 1 4 1 

#Perceived complexity ranks range from 1 (most simple) to 22 (most complex). +Categories of perceived innova-
tion complexity range from 1 (high complexity) to 4 (very low complexity). *Magnitude of innovation promotion 
has been classified as 0 (local innovation/ not promoted), 1 (less actively promoted innovation, e.g. advice pro-
vided by governmental extension agency) or 2 (very actively promoted innovation, e.g. inputs provided by ex-
tension project) using secondary and interview data. 
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Annex 6 

Number of cases per group member stratum included in the analysis of sub-hypotheses 1.1 and 1.2 
  Group members Non-members 
Case study Network type N % N % 
Mongorion Information 1029 49.8 824 50.1 
 Exchange 945 45.7 820 49.9 
 Group 92 4.5 0 0.0 
 Total 2066 100.0 1644 100.0 
Wote Information 1221 44.0 119 35.1 
 Exchange 1382 49.8 134 39.5 
 Group 171 6.2 86 25.4 
 Total 2774 100.0 339 100.0 
Bola Buta Information 1409 18.3 0 0.0 
 Exchange 1549 20.1 0 0.0 
 Group 4730 61.5 0 0.0 
 Total 7688 100.0 0 0.0 
Abraha Atsbaha Information 1767 32.8 147 40.9 
 Exchange 1759 32.7 161 44.8 
 Group 1854 34.5 51 14.2 
 Total 5380 100.0 359 100.0 
Total Information 5426 30.3 1090 46.5 
 Exchange 5635 31.5 1115 47.6 
 Group 6847 38.2 137 5.8 
 Total 17908 100.0 2342 100.0 

Source: Field research (2007) 

 

Number of cases included in the analysis of hypotheses 2 to 4 
Group networks 

Case study N 
Mongorion 92
Wote 171
Bola Buta 4730
Abraha Atsbaha 1854
Total 6847

Source: Field research (2007)  
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Annex 8 

Plate 1: Typical extension situation – extensionist 
(right) visiting an advanced farmer (Mongorion) 

 

Plate 2: An extensionist (right) providing advice on 
water storage ponds to a farmer (Bola Buta) 

 

 

Plate 3: Study tour of advanced farmers to a suc-
cessful gulley reclamation site (Bola Buta) 

 

Plate 4: Members of a women group pose for a 
photo during one of their meetings (Mongorion) 

 

Plate 5: Members of a funeral group gather to col-
lect monthly member contributions (Bola Buta) 

 

 

 

Plate 6: Farmers assembling for lunch break during 
‘Dabo’ working group meeting (Bola Buta) 
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Plate 7: Farmers participating in a ‘Gelgele’ work-
ing group meeting (Abraha Atsbaha) 

 

 

Plate 8: Members of a Development team perform-
ing soil conservation works on communal lands 
(Abraha Atsbaha) 

 

Plate 9: Intercropping of maize and Citrus spec. 
trees (Wote) 

Plate 10: Intercropping of groundnuts and Faidher-
bia albida (Abraha Atsbaha) 

 

 

Plate 11: Intercropping with Sesbania sesban (Bola 
Buta) 

 
 

Plate 12: Fruit tree orchard of high-breed Mangif-
era indica (Wote) 
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Plate 13: A 
fence protects 
a small fruit 
orchard of 
Malus spec. 
trees (Bola 
Buta) 

 

 

 

 

 

 

 

Plate 14: Woodlot of Eucalyptus spec., protected by 
a fence (Abraha Atsbaha) 

 
 

Plate 15: A 
farmer proud-
ly presenting 
his woodlot of 
matured 
Eucalyptus 
spec. (Bola 
Buta) 

 

 

 

 
 
 
 

Plate 16: 
Utilization of 
poles for con-
struction pur-
poses from a 
woodlot of 
Eucalyptus 
spec. (Bola 
Buta) 

 

 

 

 

 

 

Plate 17: Cultivation of Rhamnus prinoides (Bola 
Buta) 

 

 
Plate 18: A 
typical multi-
storey home 
garden 
(Mongorion) 
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Plate 19: 
Reclamation 
of an erosion 
gully by 
planting trees 
(Bola Buta) 

 

 

 

 

 

 

 

 
Plate 20: A 
fence from 
sisal and 
thorny 
branches 
(Mongorion) 

 

 

 

 

 

 

 

Plate 21: A dense fence from Euphorbia spec. 
around a homestead (Bola Buta) 

 

Plate 22: 
Protection of a 
Carica pa-
paya seedling 
against brows-
ing using a 
bamboo bas-
ket (Abraha 
Atsbaha) 

 
 
 
 
 

 

 
Plate 23: 
Protection of a 
tree seedling 
against brow-
sing using 
thorny bran-
ches (Abraha 
Atsbaha) 

 
 
 
 
 
 

 

 

Plate 24: Pasture enclosure; note the grown-up 
grass cover behind the fence (Bola Buta) 
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Plate 25: Micro-catchments constructed from soil 
around fruit tree seedlings to collect runoff water 
during rainy season (Abraha Atsbaha) 

 

 
Plate 26: 
Micro-
catchments 
constructed 
from stones 
around tree 
seedlings to 
collect runoff 
water during 
rainy season 
(Abraha Ats-
baha) 

 

 

 

 
Plate 27: 
Shallow well 
(Abraha Ats-
baha) 

 

 

 

 

 

 

 

Plate 28: Simple ditch to re-direct runoff water 
from a road to the neighboring farm yard (Bola 
Buta) 

 
 

Plate 29: 
Stone bunds 
on communal 
lands to re-
duce surface 
runoff 
(Abraha Ats-
baha) 

 

 

 
 
 

 

 

Plate 30: Water storage pond used for household 
water supply shortly after rainy season (Bola Buta) 
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Plate 31: 
Furrow irriga-
tion of a vege-
table garden 
using a motor 
pump (Wote) 

 
 

 

 

 

 

 

 
Plate 32: Iron 
barrels used 
as water tanks 
for drip irriga-
tion; barrels 
are filled from 
shallow well 
using a treadle 
pump. (Abra-
ha Atsbaha) 

 

 

 
 
 

 
Plate 33: 
Advanced 
drip irrigation 
facilities that 
use perforated 
plastic hoses 
imported from 
abroad (Wote) 

 

 

Plate 34: Simple cut-and-carry feeding to prevent 
cattle from roaming (Wote) 

 
 
 

Plate 35: More 
sophisticated 
facility for 
cut-and-carry 
feeding of 
cattle (Bola 
Buta) 

 

 

 

 
 
 

 

 

Plate 36: Severe erosion of soil is a consequence of 
the removal of vegetation cover. Note the tree on 
the hillock (left) that indicates the soil depth at this 
place before erosion started (Mongorion).  
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Erklärung 

Hiermit versichere ich, dass ich die vorliegende Arbeit ohne unzulässige Hilfe Dritter und 
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