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Abstract

In our note, we tried to realise a comprehensive document 
dedicated to Social Network Analysis, in which we focused on 
its origin, application and adoption in analysing the diffusion 
of innovation, with particular attention paid to the agriculture 
sector, because we believe that farmers can easily exchange 
knowledge with each other and boost the diffusion of innovation 
in terms of agricultural techniques.
Most of the scientific researches reported in our note in which 
SNA was applied are carried out in developing countries, 
we reckon that in these countries information is not usually 
recorded in a database, and farmers can easily get innovation 
through their system of acquaintances. 
We noted that SNA is a flexible and useful tool because it 
can be applied jointly with several approaches and theories. 
Through SNA, we can get relevant information about the 
network to understand how innovation gets shared and to assess 
the role and importance of different actors involved in the 
network.
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Introduction

Innovation has different definitions. For businesses and enterprises, it 
usually means something costly, risky, and time-consuming (Costello & 
Prohaska, 2013). Croitoru provided the influential interpretation of 
innovation as the commercialisation of the invention (Croitoru, 2012). He 
noted that innovation could be founded on new scientific findings, although 
more frequently it was from re-combinations of existing technologies. 
As mentioned, innovation is a knowledge research and creation process, 
demanding the reduction of uncertainty. Innovation can be categorised into 
two concepts: radical and incremental innovations. Radical innovations are 
new technologies, which catch the needs that are not yet recognised and 
involve technology, science, research, and development (Dosi & Grazzi, 
2010). Instead, incremental innovations enhance what already exists and 
mostly come from production workers, engineers, and preservation workers. 
Innovation can also be explained as a new idea, product, suggestion, or 
novelty (Hollander, 1965). According to Romer, the essential sources of 
innovation and economic growth are the new knowledge accumulation 
(Romer, 1990). Furthermore, Katila stated that the combination of different 
knowledge allows companies to solve problems and innovate (Katila, 2002). 
Baregheh et al. reported a definition of innovation as a multi-step process 
by which companies transform an idea into a new or enhanced product, 
process, or service, aiming to advance, compete and successfully distinguish 
themselves in their local market (Baregheh et al., 2009). Gisbert-López et 
al. reported a positive relationship between creative climate and innovation 
(Gisbert-López et al., 2014). Innovation processes are stimulated and 
supported by a good creative climate, in which various actors act with each 
other in a way that can prompt or limit the creative climate.

The association between creativity and new ideas is very close. 
Organisations and economies must innovate and induce innovation to 
maintain and reinforce their competitive position. Thus, innovation is a 
fundamental policy and strategic matter (Baregheh et al., 2009). Rogers 
developed the diffusion of innovation theory to explain how an idea or 
product achieves momentum and spreads across a specific community 
(Rogers, 1983). As a result of this process, people adopt a new idea, product, 
or behaviour. Adoption means that people do something new that they 
had in the past, such as using or buying a new product, acquiring a new 
practice or tools, etc. The essential point in the adoption is that people must 
recognise the idea, product, or behaviour as innovative, and only through 
this recognition diffusion can happen. However, some individuals are more 
inclined to adopt innovation than other groups of people. Rogers stated 
that people who adopt innovation early have distinct features from people 
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who adopt the same innovation later (Rogers, 1983). Therefore, promoting a 
specific innovation to a community is helpful to understand the characters of 
the target population that will speed or block the adoption of that innovation. 
Rogers, established five adopter categories as following (Rogers, 2003):
i. Innovators: 2.5% of individuals want to be the first to get and experiment 

with the innovation. Rogers recognises that those individuals are aware of 
taking a risk and are the first to promote a new idea.

ii. Early adopters: 13.5% of individuals act as opinion leaders. This category 
of individuals is already aware of the need to change and is pleasant 
adopting a new idea.

iii. Early Majority: 34% of individuals are infrequently leaders and adopt 
new ideas before the average person. These people need to see evidence 
that the innovation works before they are inclined to adopt it.

iv. Late Majority: 34% of individuals doubt change and adopt innovation 
only after the majority has tested it.

v. Laggards: 16% of individuals are conservatives, traditionalists, and very 
doubting about change (most complicated people to get innovation).

Diffusion is completed when an individual adopts an innovation based 
on steps that include awareness of the need for innovation, decision to adopt 
(or reject) an innovation, initial use of the innovation to experiment with it, 
and continued use of the innovation. Five essential attributes influence the 
adoption of innovation, and each of these elements is at play to a different 
extent in the five adopter categories.
1. Relative advantage: the extent to which an innovation is seen as better 

than the idea, product, or practice it replaces.
2. Compatibility: that is the consistency of the innovation with the needs 

and experiences of the potential adopter.
3. Complexity: that is the difficulty the innovator can face to understand or 

apply the innovation.
4. Triability: the degree to which innovation can be experimented with or 

applied before a commitment to adopt is made.
5. observability: the degree to which an innovation yields tangible 

outcomes.
The theory of innovation adoption has been used successfully to explain 

many sectors’ evolution, including agriculture. For instance, according 
to Pretty et al. organic farming is a complex of agricultural innovations 
and they affirmed that organic farming becomes more acceptable, when 
it was seen to be more fruitful than conventional agriculture (Pretty et 
al., 2010). This result explains what is reported in relative advantage and 
observability attributes. Similarly, according to Padel, diffusion of innovation 
theory can help to understand the process of diffusion of organic farming 
into a community, as well as to understand how this process possibly can 
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be supported and enhanced, i.e., across the agricultural extension or the 
knowledge and information system in agriculture (Padel, 2001). As affirmed 
by Finco et al., innovation is not a casual process. In their research, they 
focused on investigating some factors of innovation making start from small 
size agri-food firms linked with cluster agri-food in the Marche Region 
(Italy). Results showed that small enterprises separately cannot get innovation 
due to some constraints and firms’ features, as well as clusters, represent an 
opportunity to get both innovation and to become more competitive in the 
local market (Finco et al., 2018). 

Valente reported that the diffusion of innovation via social networks could 
be clarified by comprehending the fundamental basis of the social networks 
(Valente, 1996). A social network is recognised as a dense interconnectedness 
among individuals that furnishes patterns of relationships and reinforces a 
group of people in a social system. The first method to understand how a 
network acts as a means of diffusion was to analyse the number of times 
that any person was named as an associate of the network to gauge his/
her leadership and attitude. Thus, inside each network, the opinion leaders 
or influencers are defined as those individuals who are capable to get to 
a wide number of individuals and they may have a significant role in the 
adoption and diffusion of innovation within the network. Following that and 
as recorded by Rogers, this will be linked to innovativeness as measure by 
how many times the person adopts an innovation (Rogers, 1983).

This paper is related to a “Note” based on a short literature review and 
aimed to shed light on the sna as a tool to analyse how innovation is diffused 
within a social network, as well as to assess the role and importance of 
different actors involved in the network. We would like to clarify that the 
note’s goal was not to compare different methods used by several authors 
in analysing the diffusion of innovation, as well as is not structured as an 
article. 

This “Note” is structured as follows: Section 1 includes an introduction; 
Section 2 gives a brief overview of the sna; Section 3 describes some 
empirical studies in which sna was applied to understand how innovation 
is shared; Section 4 reports on the use of sna in analysing the innovation 
diffusion in the agricultural sector and Section 5 concludes the note. Instead, 
in the appendix is reported the methodology applied for the literature review. 

1. Brief overview of Social Network Analysis (sna)

In this paragraph, our objective is to provide readers with a simple 
description concerning the sna and not to compare the existing methods 
applied by several authors to analyse the diffusion of innovation. In the 
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following paragraph, we reported an explanation of sna, an overview of 
its origin and application in several disciplines and sectors, as well as we 
highlighted its importance in analysing how knowledge is shared within a 
community. We tried to highlight that sna could be a useful method to be 
applied in analysing how innovation is diffused in a social network. 

According to Bourne et al., sna is the process of examining a social 
network, and a set of research methods, including network matrices, 
network diagrams, and mathematical measures aiming to depict the social 
network structure (Bourne et al., 2017). As noted by Scott & Carrington the 
beginnings of sna include maths (graph theory), sociology, and psychology 
(Scott & Carrington, 2011). Network theorists have discovered examples 
of the concept of sna in the work of such geniuses of sociological theory 
as Weber, Durkheim, Marx, Goffman, and even Parsons and the work of 
leading intellectuals from Heraclitus to Einstein.

sna is centred on the thought that social interaction is developed 
principally by relationships and the patterns created by these relationships 
(Scott & Carrington, 2011). As reported by Freeman, the community itself 
is nothing more than a network of relations, and there is no community 
deprived of interactions (Freeman, 2004). Spielman et al. noted that sna 
is the main key to manage innovation and supply indications about the 
relationships and roles that exist in a network in which actors are involved, 
interact and exchange information and resources among them (Spielman et 
al., 2011).

As reported in Scott & Carrington, these units could be people, 
organisations, or positions (Boorman and White, 1976; White et al., 1976; 
Ferligoj et al.), journal articles (White et al., 2004) Web pages (Watts, 
1999), neighbourhoods, departments within organisations (QuanHaase and 
Wellman, 2006), Countries (Kick et al., 2014), (Scott & Carrington, 2011). 
Furthermore, Wasserman and Faust reported that relationships between units 
could be cooperation, business, friendships, knowledge flows, weblinks, 
interchange of any kind of support, etc. (Wasserman and Faust, 1994).

Borgatti et al. determined four-wide groups of relations: social relations, 
similarities, flows, and interaction (Borgatti et al., 2018).
i. Social relations: include affinity or other types of role relations (e.g., 

student, friend, etc.); affective ties, which are based on member’s feelings 
for one another (e.g., disliking, liking, etc.); or cognitive awareness (e.g., 
knowing).

ii. Similarities: take place when two units share any kind of attribute, like 
locations, attitudes, demographic characteristics, or group memberships.

iii. Flows: are relations built on interactions and transfers among nodes. 
These can include relations in which information, resources, etc. spread 
over the network.
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iv. Interaction: refers to behaviour-based ties like chatting with, supporting, 
or hosting someone to house.

In sna language, in each network units are figured as nodes and are 
connected by ties, which are information and/or relationships that interchange 
between nodes. As stated by Scott & Carrington, relations characterised by 
ties among nodes are essential elements of sna (Scott & Carrington, 2011).

According to Coulon a network characterised by one kind of node is 
named homogeneous, conversely is called heterogeneous (Coulon, 2005). Ties 
linked pairs of nodes could be directed (i.e., bidirectional, unidirectional, 
such as offering suggestions to somebody) or undirected (as in human being 
effectively next to) and could be dichotomous (present or absent, as if two 
individuals are acquaintances or not) or weighted (measured on a scale, 
as in the intensity of closeness). All ties have values or are weighted; even 
dichotomous relationships have binary values. When we focus on a single 
node, we name it “Ego” and we name the set of nodes that ego has ties 
“Alters”.

sna illustrates how individuals are interrelated and work together, how 
knowledge and resources flow between and among them, as well as how 
individuals’ roles and relationships are structured (Spielman et al., 2011).

In conclusion, as mentioned in Scott & Carrington, sna is not considered 
as a methodology or as a theory rather, it is a viewpoint or archetype (Scott 
& Carrington, 2011). The starting point of sna is that social life is founded 
on relations and on the patterns they form. sna provides a way of looking at 
a question and may give only vague answers to the question. Nowadays, sna 
is practised and used in several research fields, including education (Kapucu 
et al., 2010), healthcare (Chambers et al., 2012), agroforestry (Isaac et al., 
2007), rural development (Murdoch, 2000; Oreszczyn et al., 2010), natural 
resources (Bodin et al., 2006), and it has become an interdisciplinary area of 
research.

2. sna and the diffusion of innovation: some empirical studies

In this section, in order to analyse the diffusion of innovation, we 
believe that we can take advantage of using sna also to identify the main 
stakeholders or brokers that are responsible for specific innovation diffusion. 

According to Coulon, from 1999 ahead, it was registered a rise in the 
number of scientific studies using sna, in particular aimed at analysing 
the structure of the relations among groups/individuals and on the effect 
of network structure on innovation (Coulon, 2005). According to Valente, 
the weaker ties guarantee that the small groups will foster the diffusion of 
innovation within a social system (Valente, 1996). Besides, Rogers, affirmed 
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that any innovation would have a chance to be adopted quickly by individuals 
if it does not need much time to be recognised and accepted (Rogers, 2003). 

As Coulon reported, the use of sna in innovation study has been supported 
by the necessity to describe the causal social process connected to innovation 
or to analyse how social closeness influences learning diffusion or the 
process by which “network structure” forms or influences “innovative output” 
(Coulon, 2005). Besides, Scott & Carrington stated that a network is assumed 
to enhance the social processes like knowledge and collaboration that allow 
the community to adopt a powerful and dense social-ecological system (Scott 
& Carrington, 2011). 

Furthermore, sna was applied to investigate causal process concerning 
innovation research because a case study solely cannot consider the 
complexity of the causal process due to the huge number and diversity 
of individuals engaged within a network. Schuster & Kolleck elaborated 
a theoretical framework that aids to realise processes related to the 
dissemination of innovation and interaction networks, e.g., Twitter (Schuster 
& Kolleck, 2020). Instead, Davies affirmed that in research dealing with 
agricultural systems, sna could be a method to evaluate the stakeholder’s 
performance, and it focuses on the structure of the ties between stakeholders 
engaged in a community (Davies, 2015).

As reported by Schuster & Kolleck, the interest of using sna is to get 
both information on the position and the framework bordering an individual 
involved in a network (Schuster & Kolleck, 2020).

In this regard and as stated in Burt study on structural holes, an individual 
improves his social capital when he gets an exclusive position that permits 
him to link numerous clusters in the network (Burt, 2004). According to 
Scott & Carrington, taking advantage of the structural holes and playing as a 
broker among clusters, this individual has enlightening functions or benefits 
and great flexibility to operate (Scott & Carrington, 2011).

3. The use of sna and innovation diffusion in the agricultural sector

In this paragraph, we tried to report some empirical studies carried out 
using sna. We listed several scientific papers, based on different research 
approaches and reporting the results achieved. Here we gathered the papers 
according to the complexity of the approach adopted. First, we describe 
studies in which sna was used alone, and in the second step, we reported 
other studies in which sna was used together with other approaches 
and in the third step we included papers in which sna was applied with 
several systems and frameworks. Papers were ordered to make this section 
comprehensive to readers because we believe that by classifying all papers as 
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we did, researchers and students probably can get clear information about the 
use of sna. 

We paid attention to the agricultural sector because we reckon that 
innovation is easily shared through social structure, in which farmers can 
get information through their system of acquaintances. Besides, growers 
do not care to avoid information flow to other farmers as the inter-farm 
competition is very weak. They help each other, and in the meanwhile, they 
boost the diffusion of innovation in their narrow social system and reinforce 
their positions within their social network. Furthermore, farmers’ activities 
are strictly territorial, and they tend to form tight communities, in which 
information is easily spread among the same individuals. In the end, farmers 
usually tend to follow their close similar adopting the same agricultural 
techniques. In this regard, we found several scientific papers related to sna, 
and we aimed to highlight that sna could be a useful tool to analyse the 
process of innovation diffusion in agriculture, not necessarily to boost the 
adoption of innovations, as well as we deduced that sna could be applied 
alone or jointly with other methods, theories, and approaches, etc. 

The methodology applied for the literature review is reported immediately 
after references. Furthermore, we classified all articles in a table organised 
in a framework based on the author, year, research title, scope, the approach 
used, the method used, dependent variable, independent variables and results 
obtained-table is available in “Annex A”. 

At the first step, analysing the literature review, we would like to report 
some empirical studies in which sna was used alone, i.e.; Isaac investigated 
the attributes of information networks about cocoa agroforestry management 
(Isaac, 2012). He analysed if these attributes could improve a sustainable 
production system in terms of agro-diversity. The approach was based on 
sna employing an Ego network and using the name generator technique 
to examine the structure of rural agricultural information networks. The 
study was conducted in two regions in Ghana, which are similar in terms 
of their natural and socio-demographical features, but different in terms of 
accessibility to market and organisations. Semi-structured interviews were 
carried out with professional stakeholders. The author found that if a farmer 
is near a metropolitan area, he will have a high probability of contacting 
main stakeholders and his informal network becomes more open and diverse. 
This helps the success of information exchange and innovation diffusion on 
agro-environmental practices.

Hermans et al. focused on investigating the ability to innovate and to 
explore the potential for scaling innovations in three multi-stakeholder 
platforms (MSPs) in Congo, Rwanda, and Burundi (Hermans et al., 2017). 
They applied sna in combination with Exponential Random graph modelling 
(ergm) to explore the knowledge exchange, structural properties of the 
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collaborative, and influence networks of three MSPs. Their approach was 
based on three steps: a) recognise in each country the long-term established 
partners of the cgiar (Research Program on Integrated Systems for the 
Humid-Tropics) centres; b) map the participatory stakeholders based on 
Humid-Tropics workshops for which the main individuals were invited; c) 
prepare informative materials related to the program and distribute them 
in different areas. In each country, data were collected from questionnaires 
focused on a name generator and asking participants to list the name of five 
organisations with whom they cooperate. The analysis of network properties 
showed an imbalance between knowledge exchange, collaboration, and 
influence networks for the diffusion of innovation and scaling processes. 
For example, the private sector and NGOs are respectively under and over-
represented in the MSP networks, as well as connections among local and 
public organisations are weak, and influential public organisations are 
not actively connected to other groups and are often not part of the MSP. 
Furthermore, they discovered that organisations with a central position 
in the network are more appreciated for cooperation, and the diffusion of 
innovations is mainly among the same type of organisations across various 
administrative levels, but not among various types of organisations.

Ravula focused on using social networks and mapping the network of 
rural farmers located in two Indian villages to identify the nature of relations 
(informal and formal) and associations for poor farmers (Ravula, 2012). The 
study analyses how these networks can boost the diffusion of agricultural 
innovation and how the relations support rural people to enhance both 
themselves and their societies. The study focused on a transaction-based 
approach to record the social network architectures in Aurepalle and Kanzara 
villages through semi-structured questionnaires and focus group discussions. 
The author found that both villages have good levels of social capital in terms 
of social networks. The variation in resources (natural and financial) between 
the two villages has encouraged the improvement of relationships in one 
village and self-help communities in another.

In the end, Birkenberg & Birner focused on analysing how Costa Rican 
coffee cooperative “Coopedota” applied certification for carbon neutrality as 
innovation, which challenges faced, and how it overcame them (Birkenberg 
& Birner, 2018). Besides, they analysed the main factors that encourage 
the diffusion of this innovation. Their approach was based on the sna and 
Process Net-Map tool which was applied to visualise the network and to 
identify the role and importance of different types of individuals. Data 
were collected from depth interviews with thirty experts and semi-structured 
interviews with one hundred Coopedota’ farmers. On this basis, the authors 
calculated sna indicators as centrality, betweenness, closeness, and degree. 
The results confirmed that the certification for carbon neutrality created 
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awareness on emission hot spots alongside the coffee value chain. The major 
successes include a combination of a) visionary and strong individuals who 
performed the necessary network functions and b) accomplishments in 
Coopedota’s sustainability policy, which was supported by international and 
national trends. Results indicated that the network of individuals is extremely 
centralised, as well as the network analysis confirmed the importance of 
double linkages among individuals, which points to the role that combined 
services (advice and funding), acted in the introduction of innovation.

At the second step, in the other scientific paper’s authors used sna jointly 
with the diffusion of innovation theory, learning pathways, social capital, 
decision-making, and homophily concept, i.e., the approach of Aguilar-
Gallegos et al. was based on the process of diffusion and adoption of 
innovation, homophily concept and sna. They stated that in the agricultural 
sector, networks illustrate the engagement of many stakeholders that provide 
information and resources to farmers (Aguilar-Gallegos et al., 2015). Those 
stakeholders could be NGO’s, farmer field schools, and extension agents. 
They are in contact with farmers, establishing and building ties. Moreover, 
they found that various farmers have different rates of adoption of innovation, 
as well as innovation is adopted based on farmers’ incomes. Growers with 
high incomes are advanced adopters and they have more contacts with 
various stakeholders. Furthermore, they found that homophily in the network 
can impede the diffusion of certain knowledge among actors. 

Garbach & Morgan applied sna to investigate the farmer’s familiarity 
with three different pollination techniques, their experience and the benefits 
obtained from each practice (Garbach & Morgan, 2017). Their approach 
was based on quantitative interviews to analyse the farmer knowledge 
systems, demographic characteristics, communication networks to understand 
the prominent individuals and knowledge origin through which farmers 
communicate information about pollination management. Diffusion of 
innovation theory was used to describe how information about pollination 
practices diffuse within farmer networks. After network visualisations, 
logistic regression was applied to analyse the influence of technical learning 
and social learning considering numerous variables of each farmer (role, 
age, experience, education level, etc.). They discovered that social learning 
was positively correlated with adopting the use of combinations of bees, 
underlining the potentially critical roles of farmer-to-farmer networks and 
social learning in supporting the initial stages of adoption of innovations.

Grünbühel & Williams investigated how decisions are made when 
innovation about cattle management is introduced in two Indonesian areas 
(Grünbühel & Williams, 2016). They focused on the decision-making concept 
and Homo oeconomicus model of classical economic theory. They developed 
the decision narratives through 296 in-depth interviews collected through 
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snowball sampling techniques. They used sna to assess the diffusion of 
knowledge and identify different stakeholders that influence the farmers’ 
decisions. They found that it is easy for farmers located in South Sulawesi to 
test and adopt an innovation because the land is more plentiful in comparison 
to farmers located in Lombok, where land is insufficient and more dedicated 
for crop production. Innovation is applied and adapted by farmers through 
cultural rationality. Furthermore, innovation is diffused through a range 
of existing social networks when it is compatible with farmers’ livelihood 
strategies.

The research of Wood et al. was based on innovation systems theory 
by investigating the significance of the networks in which New Zealand 
shepherds discuss scientific issues (Wood et al., 2014). The authors analysed 
how farmers share their knowledge (pastoral farming) with scientists and 
other individuals, concentrating on communication and facilitation in the 
network. Their approach was based on ego network and sociometric analysis. 
The sample was gathered identifying 17 farmers who are in direct contact 
with five scientists, to explore the network cohesiveness and to evaluate the 
significance of networking. Personal interviews were carried out to collect 
sociometric data for the quantitative analysis. Also, free form interviews 
with the farmers were carried out to collect data for the qualitative analysis 
and using a mix of roster formats and a name generator. Using a mix 
of tools (NVivo, Ucinet and statistical software), they found that farmers 
characterised by dense ties and homogenous contacts increased their network 
compared to other farmers characterised by soft and dissimilar ties.

Levy & Lubell used sna to investigate the structure of social networks 
between Californian wine farmers that facilitate the diffusion of the 
agroecological system and resolve collaboration matters (Levy & Lubell, 
2018). Their approach was based on three social processes: cooperation, 
diffusion of innovation, and boundary-spanning. They surveyed 500 
individuals (farmers and stakeholders) located in three regions to analyse 
their social network relationships. Farmers were selected from County 
Agriculture Commissioners’ Pesticide Use Reports, additional farmers and 
stakeholders were selected through snowball methods. Surveys were mailed 
to interviewed people. Each interviewee was invited to list eight farmers and 
eight other individuals with whom he talked about viticulture management. 
Each individual in the networks was classified in one of the three following 
categories: farmer, stakeholder, or both (farmer-stakeholder). The findings 
reflect that both stakeholders and farmers have relatively low-betweenness 
centrality, while stakeholders-farmers have a high betweenness centrality 
in all the networks, and it was observed the presence of open structures 
that facilitate the diffusion of information. In all regions, results indicate a 
tendency for individuals to form ties with popular people, and stakeholders-
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farmers have a greater tie propensity than farmers or stakeholders. Moreover, 
individuals who share three contacts are significantly more likely to be 
connected than people with non-common contacts.

Hoffman et al. applied sna to study knowledge networks and social 
learning in Central Coast, Lodi, and Napa Valley – three American 
viticulture regions in California – (Hoffman et al., 2015). They used a 
different approach based on learning pathways (social, formal, and 
experiential), diffusion of innovation, social capital, and cultural evolution 
theories. These theories provided a basis to explain farmers’ behaviour and 
understand how and why knowledge is or not assessed, accepted, and adopted 
by people. They collected data through an e-mail survey from 25 farmers 
and 12 types of stakeholders and calculated the response rates using aapor 
guidelines (aapor 2009). Their surveys were based on asking interviewers to 
rate on a scale of one to three the usefulness of 21 information resources for 
learning about vineyard management. Furthermore, they used conventional 
network data collection methods asking farmers to list the names of other 
farmers and stakeholders with whom they speak about vineyard management. 
Besides, matrices of relational data were constructed from this survey. Other 
surveys were addressed to farmers to investigate if they had participated in 
learning activities. Using a linear regression model, they finally assessed 
the hypothesis that farmers’ position in the network is a function of their 
participation in learning activities. The results confirmed that empirical and 
social learning are more essential to get information about farm management 
than formal learning. Natural Resources Cooperative Extension (ucce) 
and UC Agriculture are well-positioned to get and disseminate knowledge 
through the farmers’ networks. Farmers’ participation in technical activities, 
e.g., gathering and field trials, is essential for their knowledge-sharing 
relations. Moreover, ucce and other agricultural support associations have an 
essential role to play in reinforcing networks.

Spielman et al., used sna together with an innovation system approach 
to study agricultural systems in developing countries, as well as in 
smallholder-farming groups (Spielman et al., 2011). They applied sna 
to examine how market-driven factors and social networks promote the 
diffusion of information among Ethiopian small farmers and how the network 
influenced farmers’ decisions to innovate. They carried out twenty focus 
group interviews and semi-structured interviews with key actors named by 
the focus group members. Data collected were used to implement the sna 
of each geographic site (ten areas). They discovered that public extension 
and administration exercise a powerful influence over smallholder networks, 
potentially keeping out civil society and market-based actors, and thus 
represent a boundary for the diffusion of innovation processes.
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Quiédeville et al. applied sna to study the role acted by the network, 
in which rice farmers and research institutes are engaged during the 
innovation process, specifically during the transition to organic farming 
in South France, Camargue (Quiédeville et al., 2018). Their approach was 
based on social capital and sna. They based on face-to-face interviews with 
nineteen individuals (rice farmers, researchers, and traders) to collect data 
for sna and to analyse research outputs, the factors that facilitate or block 
innovation diffusion. Individuals were invited to identify their relations with 
other similar individuals, as well as to assess the intensity of those relations 
on information flows, collaboration links and finances. A workshop was 
organised with three researchers from the cfr (French Centre of Rice), 
three participants from two organic rice traders, two researchers from inra 
(French National Institute of Agronomic Research), and seven organic and 
partially organic farmers. Participants were invited to draw the impact 
pathway of the research by connecting several components (e.g., the output x 
with the outcome y or activity z). The outcomes include changes, behaviours, 
actions undertaken and actors’ relations. The authors calculated sna 
indicators as betweenness centrality, clustering coefficient, average clustering 
coefficient, degree centrality, and average degree centrality. The results have 
shown an increasing role acted by inra in the network and its impact on 
the transition to organic agriculture due to closer relationships between rice 
farmers and inra. Besides, the results also indicate an increasing role acted 
by cirad (Agricultural Research Centre for International Development) 
thanks to an increase in relationships with growers. Moreover, the results 
showed a significant impact of Biosud on the transition to organic farming.

At the third step, sna was applied with other approaches such as those 
reported in Spielman et al. their research was based on the use of sna with 
the complex adaptive system (cas), National agricultural system (nars) and 
agricultural knowledge and information system (akis). They described that 
the diffusion of sustainable agricultural techniques derived by the network 
formed by the transfer and the exchange among producers and stakeholders 
(Spielman et al., 2009). 

Bourne et al. applied sna to assess the performance of agricultural 
advisory systems in Kenya, Tanzania, and Rwanda (Bourne et al., 2017). 
Their approach was based on measuring knowledge flow and capacity for 
collective action, considering that the improvement of these two elements 
is the basis of a modern advisory system. For this purpose, they applied 
ego network analyses in eleven sites of East Africa. Actors and network 
boundaries were chosen using a two-step approach. A personal interview was 
carried out by locally trained personnel, and SN data were collected using 
a list of question and code it in an adjacency matrix of binary variables. 
sna was processed using ucinet and homophily, density, core-periphery, 
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and average degree of nodes were calculated. Core-periphery structure was 
measured utilising the model from Borgatti and Everett (2000) and expressed 
as the correlation between tested and ideal model. The research shows a 
limited capacity for collective action within farmer groups and communities 
in Rwanda and some areas of Kenyan. Also, in Tanzania, low connections 
with external actors were found. These results have shown that there are both 
a limit and a delay in the introduction of innovation within the population.

The approach of Misra et al. was focused on the introduction of the 
concept of system to describe the sustainable livelihood (SL) framework, 
succeed by comparing the rural living system with common attributes of the 
system to determine the system characteristics of rural living in which sna 
was applied. 

Concerning sna they used both the whole and ego network approach 
to analyse the complex system of rural livelihood and the related function 
of rural organisations (Misra et al., 2014). Their approach was focused 
on the introduction of the concept of “system” to describe the Sustainable 
Livelihood framework. They collected data at the micro-level (community 
level) and macro-level (through focus group discussion with a set of actors) 
and concluded that stakeholders should make the decision for significant 
livelihood actions in a region and boost the innovation diffusion within the 
organised system.

Instead, the approach of Conley & Udry was based on the Bayesian 
framework and on the use of sna to analyse communication networks 
between small farmers in Ghana concerning chemical fertilisers on new 
pineapple cultivation (Conley & Udry, 2001). They conducted investigations 
with 450 people in four villages in the Eastern Region of the country for 
more than twenty-one months. They discovered that geographical closeness 
did not guarantee that small farmers can get knowledge easily (adoption of 
new techniques by his similar). Conversely, the networks (restricted channel) 
in which a farmer was engaged allowed him to learn and innovate from new 
sources.

In the end, the approach of Fafchamps & Lund was based on Udry’ 
approach with several variations and sna to analyse the risk-sharing 
behaviour of Philippine rural households (Fafchamps & Lund, 2003). They 
surveyed four villages in the Cordillera mountains with 206 rural households. 
Three interviews were carried out with each household at three-month 
intervals and recorded. Everyone was asked to identify several people on 
whom it could be dependent in case of need or to whom the respondent gives 
support, and they called it the network of insurance. Data were collected on 
loans, gifts, and asset sales of each individual and all its network partners 
(household composition, cultivated area, professional skills, and age of 
head). They discovered that shocks have a dominant effect on informal 
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loans and gifts, but a weak effect on sales of grain and farm animals. The 
households receive support primarily through networks of families, friends, 
and acquaintances without a charge of interest on the loans used.

Conclusions

Starting from the note’s goal, we described the sna and its usefulness 
in analysing the knowledge diffusion in a social network. In our note, we 
decided to not focus on comparing other methods usually used in this regard, 
but our centre point was to shed light on sna. 

We tried to give to readers an overview concerning the origin, application, 
and use of sna in the analysis of the processes that drive the diffusion of 
innovation in agriculture. We believe that readers can both use this note as 
a basis for future research and can get a comprehensive paper appropriated 
to the use of sna (it could be used alone or applied as an explorative method 
with other methods and theoretical frameworks). 

In our note, we highlighted that sna is a process of assessing a social 
network, in which actors are involved, interact and exchange knowledge 
concerning any specific issue, and technical innovation too (Spielman et al., 
2011). sna is centred on the idea that interaction is developed by relationships 
and the patterns created by these relationships (Scott & Carrington, 2011). 
Through sna, we can understand how innovations are implemented and 
diffused in agriculture, and the role played by the main actors (brokers) 
to spread the innovation. To depict the social network structure, it is 
necessary to use a set of research methods, such as matrices, diagrams, and 
mathematical measures, etc. (Bourne et al., 2017).

In the agriculture sector, most of the research – reported in our note – in 
which sna was applied are conducted in developing countries. Furthermore, 
we noted that in a few research authors have only used sna calculating the 
sna’ indicators, besides in most scientific paper’s authors have used sna with 
other methods, frameworks and theories. That means that sna is a flexible 
tool and can be applied jointly with several approaches and theories. Other 
essential points are that in all research sna was applied: a) to analyse how 
the existing networks can spread the diffusion of the existing innovation; 
b) to analyse communication networks and knowledge exchange between 
actors concerning an existing innovation; c) to analyse the role acted by the 
actors involved in the network during the diffusion of innovation and d) to 
identify how relations support actors to enhance both themselves and their 
communities.

We summarise that through sna, we can get relevant information about the 
network to understand how innovation is shared, as well as to assess the role 
and importance of different actors involved in the network.
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The Methodology applied for the literature Review of sna and Diffusion of 
Innovation: Research Issues and Insights for Future Research:
For a better understanding of how we made a literature review concerning sna and 
Diffusion of Innovation, in this section we will face deeply the following points:
a) Information data source,
b) The approach applied to select different articles,
c) The guidelines.

a) Information data source:
To find scientific papers related to the sna and Diffusion of Innovation through 
Proxy service we accessed the library system of the University of Bologna, in 
section database, Scopus. Furthermore, using google scholar it was possible to find 
further articles and/or documents.

b) Approach applied to select different articles:
During the research of scientific papers, the framework adopted was based on:
– Keywords: typing Social Network Analysis; Diffusion of Innovation, Application 

of Social Network Analysis; Social Network Analysis in agriculture.
– Methodological approach used to select the papers:

Database Search String

Scopus

TITLE-ABS-KEY
(social ANd network ANd analysis ANd in ANd agriculture) ANd (LIMIT-
To (SUBJAREA, “SoCI”) oR LIMIT-To (SUBJAREA, “AGRI”) oR LIMIT-To 
(SUBJAREA, “ECoN”)) ANd (LIMIT-To (doCTYPE, “ar”)) ANd (LIMIT-To 
(PUBYEAR, 2019)) ANd (LIMIT-To (LANGUAGE, “English”))
TITLE-ABS-KEY
(social ANd network ANd analysis ANd diffusion ANd of ANd innovation) ANd 
(LIMIT-To (SUBJAREA, “SoCI”)) ANd (LIMIT-To (SUBJAREA, “ECoN”)) ANd 
(LIMIT-To (SUBJAREA, “AGRI”)) ANd (LIMIT-To (LANGUAGE, “English”)).
TITLE-ABS-KEY
(application AND of AND social AND network AND analysis) AND (LIMIT-TO 
(SUBJAREA, “SOCI”)) AND (LIMIT-TO (SUBJAREA, “ECON”)) AND (LIMIT-TO 
(SUBJAREA, “AGRI”)) AND (LIMIT-TO (DOCTYPE, “ar”)).
TITLE-ABS-KEY (diffusion AND of AND innovation) AND (LIMIT- TO 
(PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 
2018) OR LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR 
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-
TO (PUBYEAR, 2013) OR LIMIT-TO (PUBYEAR, 2012)) AND (LIMIT-TO 
(DOCTYPE, “ar”)) AND (LIMIT-TO (SUBJAREA, “ECoN”)) AND (LIMIT-TO 
(EXACTKEYWORD, “diffusion of Innovation”)) AND (LIMIT-TO (LANGUAGE, 
“English”))

Website https://scholar.google.com/
TOPIC: “Application of Social Network Analysis”; AND TOPIC: “Social Network 
Analysis in agriculture”; AND TOPIC: “Social Network Analysis and Diffusion of 
Innovation”. Refined by: DOCUMENT TYPES: (ARTICLE) Timespan: 1995-2020.
https://scholar.google.com/
TOPIC: “Diffusion of Innovation” Refined by DOCUMENT TYPES: (ARTICLE)
Timespan: 1965-2020. 
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c) The guidelines:
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