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ABSTRACT

Purpose – This paper aims to contribute to deepening insights on
social media in agricultural research by presenting a case study
on how a research and education centre in Mexico connected,
communicated, and interacted in a research and education
community on Twitter.
Design/methodology/approach – By using a Social Network
Analysis (SNA) approach, 1585 tweets were analysed. The data
was gathered using NodeXL. Afterwards, SNA was performed
through the igraph R package.
Findings – The dynamic of virtual interaction around an
agricultural research and education centre shows that diﬀerent
roles are needed to connect and foster the interaction on Twitter,
as well as to spread information broader. While some accounts are
functioning as creators of information, others act as consumers
and diﬀusers of it, and a few more accounts play both roles.
Practical Implications – To increase the size and strengthen the
interaction of a network on Twitter, it is advisable to have the
support of other accounts and to promote its use among potential
users. This requires capabilities to develop a social media strategy
and pro-actively engage new followers.
Theoretical Implications – Through a SNA approach, it is possible
to understand better the functions of weak and strong ties in virtual
settings, i.e. the former to extend the network, and the latter to
strengthen it. These ties can enhance information dissemination
and enable exchanges on social media.
Originality/value – This paper applies SNA as a theoretical and
methodological framework to demonstrate that the interactions
among users are diﬀerent when a whole network is analysed, and
when it is divided into the mentions and retweets networks. By
doing this, hidden patterns are revealed.
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Introduction
Nowadays, social media, such as Blogs, Facebook, LinkedIn, MySpace, Twitter, Wikipedia, YouTube, among others (Tess 2013; Sobaih et al. 2016), are widely used in diverse
settings and with diﬀerent purposes. Online social interactions in agricultural domains
have attracted the attention of researchers, in which one of the relevant topics is the dissemination and exchange of agricultural information (Misiko and Halm 2016; Munthali
et al. 2018). With the use of new-ICT-based information dissemination services such as
social media and mobile phone applications, it is possible to contribute to the agricultural
sector’s social and economic development. Social media help to overcome physical distance among actors and to create virtual knowledge and advice networks, and thus can
enhance innovation processes and support agricultural knowledge and innovation
systems (Ballantyne 2009; Sulaiman V. et al. 2012; Chowdhury and Hambly Odame
2013; Materia, Giarè, and Klerkx 2015; Zhang, Wang, and Duan 2016; Munthali et al.
2018; Mills et al. 2019; Fielke, Taylor, and Jakku 2020).
Previous studies indicate that social media provide an online social space where
exchange can be either more self-organised by network members such as farmers
(Kaushik et al. 2018; Stevens et al. 2018) or can be directed from an institutional
account in which, for example, agricultural research organisations or extension
organisations play an important role in posting information, moderating discussions
and reinforcing interaction (Materia, Giarè, and Klerkx 2015; Kelly, Bennett, and
Starasts 2017; Mills et al. 2019). Social media related to research and education settings serve to engage students and academics in education, learning, and collaboration
projects, as well as doing scientiﬁc outreach to other stakeholders (Knight and
Kaye 2016; Rehm and Notten 2016; Tang and Hew 2017; Walter, Lörcher, and
Brüggemann 2019).
However, as several authors indicate (Chowdhury and Hambly Odame 2013; Stevens
et al. 2016; Klerkx 2020; Ofori and El-Gayar 2020; Steinke et al. 2020), there is still relatively little empirical research on social media in the agri-food domain, particularly on its
instrumental use by research, extension and education organisations, and the information networks that are formed as a result. Earlier work has generally studied the information and knowledge diﬀusion process by focusing on face-to-face interactions in nonvirtual settings (Materia, Giarè, and Klerkx 2015), and there are still limited insights on
how this works in social media settings despite that recently more attention is being given
to this (Kaushik et al. 2018; Mills et al. 2019; Klerkx, Jakku and Labarthe 2019; Ofori and
El-Gayar 2020; Munthali et al. 2021).
We thus lack detailed insights on how agricultural research, extension and education
organisations start to connect, communicate, and interact with other users and how
people start to engage in their social networks. This links to debates on weak and
strong ties in social networks since in the agricultural innovation literature (Spielman
et al. 2011; Gailhard, Bavorová, and Pirscher 2015; Weyori et al. 2018; Cofré-Bravo,
Klerkx, and Engler 2019) it has been showed that these types of ties aﬀect the access
and spread of information among the actors within networks, as well as other types of
resources. Strong ties would allow for trust between actors and would stimulate
eﬀective knowledge exchange and joint learning, whereas weak ties enable for getting
in touch with information sources previously unknown.
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This is where this article aims to contribute, by presenting a case study of social media
used by a research and education centre dedicated to teaching, research and
supporting extension on agricultural and socio-economic topics in rural development,
in particular, Twitter. The main question that guides our analysis is: how has an agricultural research and education centre in Mexico been connecting, communicating, and
interacting in a virtual community on Twitter, and which are the roles that accounts
are playing within the network? Our interest in analysing Twitter is because it is the
most widely used social media by researchers and the most useful social network for
research work (Lupton 2014). In science, Twitter is actively used to ask for advice
from peers, to search for new collaborations and forge new relationships with colleagues,
to announce jobs, to communicate scientiﬁc ﬁndings to a wider audience, and even to
ﬁnd new mentors (Walter, Lörcher, and Brüggemann 2019; Cheplygina et al. 2020).
Additionally, earlier works have indicated that Twitter is also used in agri-food and
rural sectors, alongside platforms like Facebook (Chowdhury and Hambly Odame
2013; Suchiradipta and Saravanan 2016; Phillips, Klerkx, and McEntee 2018; Mills
et al. 2019). Researchers use Twitter to follow and engage in discussions on researchrelated issues (Van Noorden 2014). Also, Twitter makes communication faster and
more accessible due to both its short-length messages and its posting frequency (Java
et al. 2007; Boyd, Golder, and Lotan 2010).
The objective of this paper is threefold: 1) To understand how an agricultural research
and education centre in Mexico has been connecting, interacting, and communicating
information in a research and education community on Twitter, as well as to determine
the role that the accounts are playing within the network, it means how they engage into
the network. 2) To analyse the properties of the reached network throughout six months
of interaction. Then, based on the previous two objectives: 3) To provide recommendations regarding how agricultural research and education organisations strengthen
and enhance networks on Twitter. To fulﬁl these objectives, we applied Social
Network Analysis (SNA), as it enables understanding network structures and dynamics
(Borgatti, Everett, and Johnson 2013) such as the ones that emerge through social media
interactions (Aguilar-Gallegos et al. 2019; Ofori and El-Gayar 2020).
This paper is organised as follows. In the next section, we explain the case of study and
the process of data collection. Then, the framework for applying SNA to data that comes
from Twitter is provided. It is followed by the results in which the diﬀerent network
structures are explained, and we highlight that mentions and retweets networks have
other characteristics. In the discussion and conclusions, we focus on the process of connecting accounts, also on the roles that diﬀerent accounts are playing. Furthermore, we
reﬂect on the relevance that strong and weak ties have for accessing and spreading information, and theoretical and practical implications are outlined.

Framework for applying Social Network Analysis to Twitter data
The direct and indirect interactions among users on social media shape complex network
structures can be understood by using a Social Network Analysis (SNA) approach (Wasserman and Faust 1994; Borgatti et al. 2009). Through SNA, the network data visualisation and the interaction analysis among users is facilitated (Borgatti, Everett, and
Johnson 2013; Aguilar-Gallegos, Martínez-González, and Aguilar-Ávila 2017).
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The fundamental unit of analysis in this paper is the link among Twitter accounts. In
order to explain the creation and visualisation of the network graph, eight basic interaction schemes are showed in Figure 1, each one formed by two networks.
Four ﬁrst interactions are used for schematising the mentions process (a.1, b.1, c.1,
and d.1), where Users (Us, nodes in green) post tweets (Tw, nodes in blue) and
mention other users (MtUs, nodes in orange). The resulting networks from these mentions (a.2, b.2, c.2, and d.2) are schematised as direct links from the source user (Us) to
the mentioned users (MtUs). Notice that in these second networks, the nodes

Figure 1. Diﬀerent examples of interactions among users on Twitter.
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representing the tweets (Tw) no longer exist. The same process can be exempliﬁed via
retweets, and the other four original interactions (e.1, f.1, g.1, and h.1). In these cases,
the link’s direction now goes from the user who retweets (RtUs, nodes in red) a tweet
(Tw) to the user who posted it (Us). The resulting networks are e.2, f.2, g.2, and h.2.
Diﬀerent combinations of the eight schemes (Figure 1) are occurring in any interaction among users on Twitter, and this is how more complex structures begin to
create. In this regard, a Twitter network will be formed by both direct (e.g. Figure 1)
and weighted links (e.g. Figure 1 a.1, a.2, e.1, and e.2), as well as both mentions and
retweets interactions.
Measures of Social Network Analysis
Based on schemes explained above (Figure 1), together with the theoretical contributions
of SNA (Granovetter 1973; Borgatti and Halgin 2011; Borgatti, Everett, and Johnson
2013), the following indicators to measure the interaction among users were selected:
1) The output degree, as a measure of how many mentions or retweets a user gives to
other users. 2) The input degree, as a measure of how many mentions or retweets a
user receives, and which come from other users. These two indicators are considered
as a measure of the direct interaction among the accounts (Freeman 1979). 3) Lastly,
the sum of the output and input degree gives the total degree of each node as a
measure of the relative importance of the node in the network.
Strong and weak ties
Through the interactions that take place on Twitter (see Figure 1), it is also possible to
obtain the above three selected measures in their weighted form (Freeman, Borgatti,
and White 1991; Opsahl, Agneessens, and Skvoretz 2010). This implies that a node
could have only one output or input link, and it could be weighted because of its recurrence (see Figure 1 a.1, a.2, e.1, and e.2).
The explanation provided urges to think about weak and strong ties. In this regard,
four characteristics deﬁne the strong ties: the intensity of the tie and its recurrence,
the amount of time spent on it, the mutual trust or conﬁding (intimacy), and the reciprocity (Granovetter 1973). This way, the measure that can be easily obtained from the interaction recurrence on social media is the weighted degree, and implicitly it is also the
amount of time spent on it. Thus, this indicator can be used as an approximation of
the strength of links. Its value indicates the strength of the social linkage between
nodes (Freeman, Borgatti, and White 1991). Therefore, the higher the recurrence of
the links, the greater the strength between them and vice versa. In this paper, we are considering that values closer to one are weak ties, and farther to one are strong(er) ties.

Case study, data collection, and analysis based on the interaction types
Background
In this paper, we use Twitter to analyse how the Centro de Investigaciones Económicas,
Sociales y Tecnológicas de la Agroindustria y la Agricultura Mundial (CIESTAAM –
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Centre for the Economic, Social and Technological Research of the Agro-industry and
World Agriculture), has been connecting with other actors to shape a research and education community and how it started to communicate agricultural information and
interact with a broader audience. CIESTAAM was created in 1990 and nowadays
oﬀers three postgraduate programs. The community is formed by over 60 students
and 15 in-service teachers. Its vision and mission are oriented to generate societal
impacts with its research in the agricultural and rural Mexican context. The Centre continually develops links with other actors, not only researchers but also policymakers, agricultural organisations, farmers, NGO’s, enterprises, and other stakeholders.
CIESTAAM, in its consolidation process, has aimed at inserting itself on social media;
ﬁrst, through its students and teachers and, second, trying to reach other stakeholders. It
joined Twitter in February 2010 (username: @ciestaam). However, for diﬀerent reasons,
this insertion attempt did not work. It only tweeted twice (both in February 2010), followed a user, and got 25 followers. This way, in March 2017, the central administration of
CIESTAAM and a group of researchers decided to carry out a new insertion attempt.
First, to gain more presence on the Internet since it already has a web page and a Facebook fan page. Second, to increase its followers and followees list. Third, to communicate
and share agricultural information to both a researcher and non-researcher audience
(e.g. industry and policy stakeholders). Thus, in June 2017, the user @CIESTAAM_UACh was created, which by the end of December 2017 had already gained 99 followers, followed 42 users, and posted 484 tweets.
This paper investigates how the agricultural research and education oganisation has
connected diﬀerent users, its dynamic of communication and interaction, and analyse
the structure of its network, evaluating a period of six months. We analyse the ﬁrst six
months of Twitter use in order to generate some insights to better orient the management of the account, but also to systematise the practical experience of this endeavour.
Data collection
We used NodeXL (Smith et al. 2009) for extraction, collection and systematisation of
Twitter data. In NodeXL, network data is systematised through the edgelist format,
where each line in a spreadsheet represents a link between a pair of nodes (Aguilar-Gallegos, Martínez-González, and Aguilar-Ávila 2017).
The searched keyword was the acronym ‘CIESTAAM’. The Twitter account (@CIESTAAM_UACh) was not searched; neither was its hashtag (#CIESTAAM) because the
results would have been limited. Preliminary tests using the word ‘CIESTAAM’
allowed verifying that in the downloaded data, all the forms of CIESTAAM words
were included. Due to Twitter restrictions related to the downloading of stored data,
this process was continuously repeated throughout six months, from June 22, 2017, to
December 22, 2017. Therefore, the collected data covered 183 days. In the end, several
ﬁles were put together in only one database formed by 5074 entries, corresponding to
1585 tweets. Then, two analytical steps were taken, which we will outline in the next
section. From a research ethics perspective, we followed guidelines on ethical social
media research (Moreno et al. 2013; Williams, Burnap, and Sloan 2017), to reduce vulnerability of the subjects of the research (Twitter users). Here it is important to mention
that following Twitter’s Terms & Conditions (Twitter 2020), we could only analyse and
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show public information related to the tweets, such as the Twitter handles or proﬁle
owners. The data collection process did not require any interaction with the Twitter
users which posted the messages. Moreover, we are not providing or reproducing the
text of the collected data.
First analytical step: identifying interaction types on Twitter and network
formation
Through NodeXL, it is possible to identify three types of interaction among accounts;
these are the mentions, the replies, and the retweets. Data belonging to tweets which
do not have any mention in it are also obtained. These tweets are considered as initial
or original messages, but they do not generate any interaction. However, they can be
retweeted or replied. Out of the 1585 downloaded tweets, 61.8% were retweets, 28.3%
mentions, 2.1% replies, and the rest (7.9%) were original tweets.
Afterwards, the tweets were classiﬁed into two big groups. The mentions and the replies
together formed the ﬁrst one. We decided to add the ‘reply’ in this group since when a user
gives ‘reply’ to another user, the message is codiﬁed mentioning the account it is giving
‘reply’ to. The second group considered all the retweets given to the messages posted by
other users. We considered retweets since they are the most eﬀective way for the
diﬀusion of original messages towards indirect links (Suh et al. 2010; Firdaus, Ding, and
Sadeghian 2018). Retweets are an essential metric for understanding the speciﬁc use of
Twitter (Weller 2016). This process of diﬀerentiation between mentions and retweets is
in line with other authors (Rehm and Notten 2016; Aguilar-Gallegos et al. 2019). But it
has been scarcely used in the literature. This approach allowed us to ﬁnd hidden interaction patterns which would be diﬃcult to notice in a complete network.
Second analytical step: Social Network Analysis
Based on the ﬁrst step, three diﬀerent networks were analysed: 1) The whole interaction
network, 2) The mentions network, and 3) The retweets network. The methodological
application of SNA, that is the creation of the network graphs, and the collection of
the indicators was made using the ‘igraph’ package in R (Csárdi and Nepusz 2006).

Results
We describe the ﬁndings in three sections. First, to understand the posting dynamic
around CIESTAAM, we show descriptive statistics, as well as relevant topics of discussion. Second, to illustrate all the interactions derived from the posting, we provide a
whole network analysis. Third, to support our arguments regarding that mentions and
retweets shape diﬀerent types of network patterns, we split the entire network and go
in-deep in it by analysing the mentions and retweets networks.
Descriptive statistics
The interaction during the six-month follow-up of the keyword CIESTAAM resulted in
1585 tweets. These encompassed a total of 225 accounts; of them, 155 users (60.8%) were
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the ones who created the interaction since they posted at least one tweet. It implies that
39.2% of the accounts were part of the network for having received a mention or been
retweeted (see Figure 1). Of the 183 days of analysis, it was found that in 152 days
(83.1%) at least one tweet was posted. Therefore, the periodicity of tweeting is a relevant
mechanism to connect and link with other users.
The ﬁndings showed that there were days with a high frequency of tweeting (Figure
2), the highest being of 52 tweets. In the peaks of activity, it was found that the tweets
coincided with events, conferences, and relevant topics for the research and education
community. The topics, at the same time, were related to the use of several hashtags in
Spanish (in English) such as #EntrePares2017 (Among peers 2017), #RevistasDepredadoras (Predatory journals), #Indicadores (Indicators), #OA (Open access), among
others. Therefore, it can be argued that the increase in tweeting is contextual; it
depends on the occurrence of an event or the development of a topic of interest.
Also, it is worth noticing that these topics were related to the research side [e.g.
#RedesDeInnovación (Innovation networks), #ARSoc (Social Network Analysis),
#ParaLeer (to read), #Paper, among others]; none of them was associated with the
agricultural information side.
The descriptive analysis also showed that, out of the 155 accounts, more than half of
the users (64.5%) participated with only one tweet. On average, each one posted 10.23
tweets but with a high variation (standard deviation (S.D.) = 49.87; coeﬃcient of variation (C.V.) = 487.67%) since the range was from one to 449 tweets. In Figure 3, the
absolute frequency of the users posting more than two tweets is showed. Four accounts
were being the most active; they posted more than 100 tweets.
Since the collected data resulted from the diﬀerent type of interactions (see Figure 1),
the derived ﬁndings from each interaction will be disaggregated in the following sections,
we start with the whole network.

Figure 2. Tweets posted during the period analysed (left: frequency by day, right: accumulated).
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Figure 3. Users involved according to the number of posted tweets.

Whole network
By using the SNA approach and based on the 1585 collected tweets, it was found that,
between the 225 users who formed CIESTAAM’s network, there are 808 weighted and
direct links (Figure 4). The total degree indicator showed that, on average, each user is
linked to other 7.18, the variation in this indicator was lower (S.D. = 18.79; C.V. =
261.67%) compared to the number of posted tweets per user (average = 10.23; C.V. =
487.67%). In this sense, the total degree indicator went from 94 accounts, who got one
or two links (nodes in yellow), to two users, who got over a hundred links (ciestaam_uach
with 209 and inorman55 with 127, both in red). We found that the higher the total
degree, the lower the frequency of the nodes and vice versa; that is, many users are
scantly linked, and a few users highly linked.
Also, weighted links can be observed in the network (Figure 4), represented by
thickness and colour. The thicker it is, the stronger the link and vice versa. On
average, the users were referred 6.09 times (S.D. = 25.43; C.V. = 415.80%), with a
minimum of one and a maximum of 287. These statistics reﬂect that there are a lot
of weak links (closer to one) and a few strong links (farther to one) articulating the
network.
It is also observed that the least linked nodes are in the periphery (in yellow and
orange, Figure 4) and, besides, with a low frequency of links (thinner links). In the
same sense, almost at the centre of the network, there are the more connected nodes
(in blue and red) and whose articulation is stronger (wider links). Nodes in purple
and green are distributed all through the network since they have a middle degree
indicator.
Through the analysis of the links recurrence, it was found that among the most
referred accounts of the ciestaam_uach are the nodes in blue which at the same time
have reciprocated links to this account, which is one of the characteristics of strong ties.
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Figure 4. Whole network around the CIESTAAM.

Mentions and retweets
This section aims to show that Twitter networks are the result of, at least, two types of
interaction processes (see Figure 1); that is, mentions and retweets. Moreover, it is possible to visualise the mentions and the retweets based on output and input degrees. Thus,
by separating the relationships into four types, other interaction patterns can be revealed.
These networks are explained in the next two subsections.
Mentions network
The performed analysis showed that out of the 225, 130 nodes participated in the mentions network with 273 links (Figure 5). It was found that a third of the users (42 = 32.3%)
posted tweets with at least one mention to other accounts (Figure 5a). The three (two
nodes in blue and one in red) highest output degrees go from 24 to 53. Finally, 88
users participated in the mentions network but did not have any output degree (nodes
in brown); that is, they did not post any tweet with any mention, but they were part
of it only for having been mentioned.
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Figure 5. Mentions network (MT) around the CIESTAAM; a) out-mentions of nodes (Out-Mt’s), b) inmentions of nodes (In-Mt’s).

On the other hand, when carrying out the same analysis, now considering the input
degree, it was found that a higher number of accounts (107 = 82.3%) got at least one
mention; that is, they had at least one input degree (Figure 5b). In this case, the
highest number of input degree was of 21 and belonged to the ciestaam_uach account
(node in blue). In this network, 23 accounts with no input degree were identiﬁed
(nodes in brown). Therefore, they are present within it for having mentioned other
accounts even though they had not been mentioned.
In both networks (Figure 5a and 5b), it is possible to notice how some nodes changed
colour from one side to the other because of the role they were playing in the mentions
network. In this sense, the ﬁndings show that some users played a role as ‘mentioners’,
other as ‘mentionees’ (those who were mentioned), and a few of them played both roles,
which is the case of the ciestaam_uach and inorman55 accounts.

Table 1. Social Network Analysis indicators (raw, weighted, and averaged) of the top ten users in the
mentions network.
User

Type

Deg

Out

In

W-Deg (Avg)

W-Out (Avg)

W-In (Avg)

inorman55
Researcher
69
53
16
964 (14.0)
824 (15.5)
140 (8.8)
ciestaam_uach
Institution
49
28
21
414 (8.4)
230 (8.2)
184 (8.8)
kikemtzglz
Teacher
39
24
15
493 (12.6)
174 (7.3)
319 (21.3)
jreyesaltamira2
Teacher
26
14
12
238 (9.2)
97 (6.9)
141 (11.8)
kaliman_galindo
Student
20
11
9
171 (8.6)
46 (4.2)
125 (13.9)
jorgechapingo
Teacher
19
7
12
317 (16.7)
15 (2.1)
302 (25.2)
tusocialmedia
Blogger
19
13
6
100 (5.3)
71 (5.5)
29 (4.8)
edgar_ivan_g
Student
12
6
6
50 (4.2)
14 (2.3)
36 (6.0)
zeltzinadrade
Student
12
6
6
43 (3.6)
10 (1.7)
33 (5.5)
cafemarago
Other
9
9
0
9 (1.0)
9 (1.0)
0(–)
SNA indicators based on the mentions network. Deg: total degree; Out: output degree; In: input degree; W-Deg: Weighted
total degree; W-Out: Weighted output degree; W-In: Weighted input degree. Avg: It corresponds to the ratio of the
weighted indicator and the raw indicators, i.e. W-Deg/Deg, W-Out/Out and, W-In/In.
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The top ten more relevant users of the mentions network are showed in Table 1,
according to their total degree (Deg column). In order to get more information about
them, we checked their proﬁle manually and classiﬁed them. It was found that most of
these users are close to CIESTAAM since they were teachers, researchers or students
in it. Also, Table 1 shows how some users had more output degrees than input
degrees (e.g. tusocialmedia and cafemarago) and vice versa (e.g. jorgechapingo). Thus,
it can be argued that there are accounts that are playing diﬀerent roles in the mentions
network of the CIESTAAM.
In the same sense, the results highlight the importance of the weighted links (W-Deg,
W-Out, and W-In columns in Table 1). For instance, out of the 53 users mentioned by
inorman55, they were mentioned 15.5 times on average, so his weighted output degree
was 824; while the mentions received by this user from other 16 accounts were 8.8 on
average, therefore, his weighted input degree was 140. It is interesting to observe that,
although users such as kikemtzglz and jorgechapingo are in the third and sixth position,
they reach higher weighted input degrees on average, of 21.3 and 25.2, respectively. The
latter is due to the role these users play within the network; that is, they are more ‘mentionees’ than ‘mentioners’. Based on these results, it is possible to posit that any network
on Twitter is formed by a diversity of roles played by diﬀerent users; most of them are
complemented.

Retweets network
Complementary to the mentions network, the retweets network analysis was made. It was
found that this network was bigger because out of the 225 nodes in the whole network,
218 nodes were involved in it through 647 links (Figure 6). The results also showed that
there were fewer users retweeting content than users receiving retweets. In this regard,
112 (51.4%) were the ones who retweeted once or more times (Figure 6a), while 140
(64.2%) were the ones that received one or more retweets (Figure 6b).

Figure 6. Retweets network (RT) around the CIESTAAM; a) out-retweets of nodes (Out-Rt’s), b) inretweets of nodes (In-Rt’s).
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By using SNA and the output degrees, it was found that four users were retweeting
more actively. Notably, the ciestaam_uach account with the highest measure, linked to
131 users. In this case, 106 users took part in this network and do not have any
output degree. It is because they did not retweet any other account (nodes in brown);
therefore, they were retweeted accounts.
Complementary, by considering the input degrees (Figure 6a), it was found that seven
accounts were the most relevant (six nodes in blue, and one in red). Once again, ciestaam_uach was the most retweeted account with 69 input degrees. In this case, 78 accounts
that had no input degree were found (nodes in brown); therefore, they were part of the
network because they retweeted other accounts.
When comparing the networks in Figure 6a and 6b, we found that the interaction of
the accounts changes from one side to the other. In this sense, through the indicators of
SNA, we can adequately cover these diﬀerences. Thus, in Table 2, the top ten of the most
relevant users in the retweets network is showed according to their total degree (Deg
column). We also visited and checked each proﬁle manually to classify them. It was
found again that teachers and students most form the list.
Table 2 also shows that some users (e.g. lupizgr and brv57) had more output degrees
than input degree; therefore, its role was of a ‘retweeter’. Other users (e.g. jreyesaltamira2
and horacio_rv) had more input degrees than output ones, so they were playing a
retweeting role; we coined them as ‘retweetees’. Some users played both roles since
they were ‘retweeters’ and ‘retweetees’ (e.g. ciestaam_uach, inorman55, and
jorgechapingo).
Also, in Table 2, the importance of weighted links is highlighted (W-Deg, W-Out, and
W-In columns). This way, the relevance that the ‘retweeter’ and ‘retweetee’ roles have in
the whole network can be more appreciated. For instance, out of the 131 users who had
been retweeted by ciestaam_uach, they had received 9.1 retweets on average, which leads
to a weighted output degree of 1193. However, the weighted input degree of the ciestaam_uach was a lot lower (390), as well as the average retweets received (5.7). Other roles
can be identiﬁed; ‘retweeters’ (e.g. jorgechapingo and lupizgr) regularly retweeted the
posts by several accounts. On the contrary, ‘retweetees’ (e.g. kikemtzglz and kaliman_galindo) were highly retweeted user by the same accounts.

Table 2. Social Network Analysis indicators (raw, weighted, and averaged) of the top ten users in the
retweets network.
User

Type

Deg

Out

In

W-Deg (Avg)

W-Out (Avg)

W-In (Avg)

ciestaam_uach
Institution
200
131
69
1583 (7.9)
1193 (9.1)
390 (5.7)
inorman55
Researcher
87
39
48
997 (11.5)
398 (10.2)
599 (12.5)
jorgechapingo
Teacher
81
39
42
919 (11.3)
471 (12.1)
448 (10.7)
kikemtzglz
Teacher
70
30
40
947 (13.5)
434 (14.5)
513 (12.8)
jreyesaltamira2
Teacher
47
0
47
347 (7.4)
0(–)
347 (7.4)
horacio_rv
ONG
46
7
39
116 (2.5)
41 (5.9)
75 (1.9)
redesrendon
Teacher
34
8
26
63 (1.9)
12 (1.5)
51 (2.0)
kaliman_galindo
Student
25
10
15
256 (10.2)
54 (5.4)
202 (13.5)
lupizgr
Student
22
18
4
116 (5.3)
104 (5.8)
12 (3.0)
brv57
Researcher
19
15
4
52 (2.7)
46 (3.1)
6 (1.5)
SNA indicators based on the retweets network. Deg: total degree; Out: output degree; In: input degree; W-Deg: Weighted
total degree; W-Out: Weighted output degree; W-In: Weighted input degree. Avg: It corresponds to the ratio of the
weighted indicator and the raw indicators, i.e. W-Deg/Deg, W-Out/Out and, W-In/In.
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Discussion
This paper aims to contribute to deepening insights and contributing empirical quantitative research on how social media is used in agricultural research, education and extension organisations (Kaushik et al. 2018; Phillips, Klerkx, and McEntee 2018; Mills et al.
2019), following the plea for further investigation of Walter, Lörcher, and Brüggemann
(2019, 697) who stated that ‘few studies have investigated how scientists and scientiﬁc institutions use social media’. Our main research question was: how has an agricultural
research and education centre in Mexico been connecting, communicating, and interacting in a virtual community on Twitter, and which are the roles that accounts are playing
within the network? The ﬁndings provide several points of discussion on the use of
Twitter by agricultural research, education and extension organisations.

Network structure and the roles within the structure
Based on our ﬁndings, we can establish that virtual interaction on Twitter is a result of
diﬀerent processes of connection and communication among actors who are playing
diﬀerent roles. In this study, we identiﬁed four principal roles: ‘mentioners’, ‘mentionees’, ‘retweeters’, and ‘retweetees’. Interestingly, some accounts are performing multiple
functions. The descriptive statistics showed that it is essential to have a continuous presence on the social network, conﬁrming ﬁndings that posting more tweets leads to having
more followers on Twitter (Veletsianos and Kimmons 2016). Also, the analysis showed
that the posting frequency is contextual, supporting earlier ﬁndings that it depends on
topics relevant to research institutions, such as live tweeting during conferences or academic events (Walter, Lörcher, and Brüggemann 2019; Cheplygina et al. 2020), or tweet
or retweet about important policy reports or seminars. Thus, it is important to tweet regularly to persist in the social network in the long term, echoing ﬁndings elsewhere (Bik
et al. 2015; Cheplygina et al. 2020). Tweeting, mentioning, retweeting, and replying are
ways to interact with other users, and all of them are needed to shape a network structure.
Thus, it is necessary to connect accounts with diﬀerent roles by mixing these interaction
forms.
In this sense, our work reinforces earlier ﬁndings that taking an active role on Twitter
conversations can increase interactions with new users (Rehm and Notten 2016; Cheplygina et al. 2020). By analysing the three networks (total, mentions, and retweets), it was
demonstrated that there were a few highly linked accounts and, a lot of accounts little
linked. Our ﬁndings indicate that the presence of ‘mentioners’, ‘mentionees’, ‘retweeters’
and ‘retweetees’ accounts enriches the structure of social media networks, and therefore
they are essential. In agricultural domains, Chowdhury and Hambly Odame (2013)
found that active accounts tend to have a bigger audience in their social network, and
our study corroborates this ﬁnding and adds to this earlier work by showing that both
mentions (together with replies, hereafter just mentions) and retweets networks are
needed.
In our case, the retweets network structure proved even to be more dynamic than the
mentions network (in line with Aguilar-Gallegos et al. 2019), and it highlights the relevance of this type of interaction to introduce and spread information into a network.
This concurs with ﬁndings of other authors (Boyd, Golder, and Lotan 2010) that when
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an account retweets without comment what is posted by others, this implies that generally the user has validated and agreed with the content of the tweet. Related to this, we are
aware that retweets with comments are not necessarily endorsement; but, when an
account retweets with a comment, this process generates and starts other types of interactions, and thus this enriches and extends the network dynamics.
Hence, the role of central institutional accounts, such as the one from CIESTAAM, is
not only to generate content, but also to locate relevant information, to send it to other
users and, therefore, to insert it within the network. This argument is in line with other
authors (Ballantyne 2009; Materia, Giarè, and Klerkx 2015; Kelly, Bennett, and Starasts
2017; Mills et al. 2019), and implies that organisations in agriculture should be proactive
on social media in order to promote processes of interaction and to engage with stakeholders in agricultural innovation systems. Following Aguilar-Gallegos et al. (2019),
accounts should retweet, mention, and reply well-positioned accounts, as well as to
include hashtags in their posts; since only posting text without mentions and hashtags
reduces the chance of getting connected to diﬀerent actors and networks, and therefore
the accounts would be isolated. It also has implications for what sort of information is
exchanged, and this links to the sorts of ties that are created, which is discussed in the
next section.
However, as Kaushik et al. (2018) argue, and which is also the case for CIESTAAM
and similar organisations in contexts in which engagement with digital technologies is
still in development (Janc, Czapiewski, and Wójcik 2019; Rijswijk, Klerkx, and Turner
2019), this requires capacity building on how to use Twitter more strategically and
also develop suﬃcient organisational capability to be able to have the required intensity
and frequency of tweeting. This is imperative to play meaningful roles in digitalised
knowledge networks, which increasingly have become part of agricultural knowledge
and innovation systems (Phillips, Klerkx, and McEntee 2018; Klerkx, Jakku and Labarthe
2019; Fielke, Taylor, and Jakku 2020; Ingram and Maye 2020). In line with ideas on ‘New
Extensionists’ (Sulaiman and Davis 2012), agricultural research and
education organisations such as CIESTAAM should in this sense invest more to
become brokers in virtual multi-stakeholder networks (such as those on social media),
following Kaushik et al. (2018) who call for high brokerage of key organisations with
well-established online networks. Accounts related to agricultural research and education
organisations and extension services with a presence on social media can identify interesting or relevant information posted by some users, bring this to the attention of others,
dynamise the interaction, and thus act as brokers of online information and exchanges
which may also lead to new connections in daily life and ‘non-virtual settings’
(Materia, Giarè, and Klerkx 2015; Kaushik et al. 2018).
Strong and weak ties on Twitter in connection to information ﬂow
Our results demonstrated that both strong and weak ties are essential to shaping an
online network. Both are mixed in the network dynamics on Twitter. The former to
extend the network, and the latter to strengthen it. Through weak ties, the users are
inserting new information and content, which are part of their own networks, to the
main network; afterwards, through strong ties, the users are enhancing that the information ﬂows and spreads within it. Which then again can be taken by other users and

16

N. AGUILAR-GALLEGOS ET AL.

spread to outside networks. Thus, this three-stage process (inserting-ﬂowing-spreading)
is linked to the importance that the retweets have because retweets are the most eﬀective
way to diﬀuse a message (Suh et al. 2010; Firdaus, Ding, and Sadeghian 2018). But also, it
is worthing stressing that this process can be triggered by mentions, or by a mix of both
retweets and mentions.
A main outcome of our analysis is that it highlights the role of the weak ties out to
shape the network and make an account more central. These ties are related to accounts
that are not so often mentioned, nor ‘mentioners’; they are also not retweeted often and,
do not retweet very often. On the other hand, the role of the strong ties forged with recurrent users is also recognised. These users have the characteristics to be frequent ‘mentioners’, often mentioned, vast ‘retweeters’, and continuously retweeted. In agriculture
literature (see, for instance, Istrate, Tsvetovat, and Acharya 2007; Bodin and Crona
2008; Aguilar-Gallegos et al. 2017; Sanya et al. 2018), these outstanding accounts can
be considered as key actors, key players, opinion leaders, etc., since they are highly
referred by their direct links as sources of information or another resource, but also
since they can diﬀuse it faster.

Conclusions
Our research oﬀers a new perspective to analyse the characteristics and roles that accounts
are playing within a network on Twitter. By using indicators of Social Network Analysis, we
demonstrated that the interactions among users are diﬀerent when a whole network is analysed, and when it is divided into the mentions and retweets networks. By doing this, hidden
patterns are revealed. This perspective allows identifying the functions of users involved in a
network. Also, we have provided new insights into how a Twitter network is shaping and
how it can be understood. Moreover, the relevance of strong and weak ties is highlighted
in the information and knowledge diﬀusion process which has been traditionally addressed
from a face-to-face perspective, but not in virtual settings (Materia, Giarè, and Klerkx 2015;
Cofré-Bravo, Klerkx, and Engler 2019), and our paper contributes to this debate.
The principal theoretical implications and additions to earlier literature around agricultural social media studies go in three directions. First, reinforcing ideas by Kaushik
et al. (2018), in order to have a presence in social media and to increase the spreading
of information, it is not only a matter of making the network grow through weak ties,
to enhance information diﬀusion but also, it is a matter of ensuring the recurrence of
interactions to strengthen the network through strong ties, enabling deeper exchanges
and a more intense engagement.
Second, this paper contributes by showing how SNA enables the identiﬁcation of key
actors (outstanding accounts) on Twitter and that the structure of social media networks
can be exploited by 1) linking to other relevant and dynamic accounts and 2) generating
interesting posts to attract the attention of other users. Thus, using SNA to monitor the
Twitter activity of a research and education organisation can counteract three factors
which inﬂuence low audience engagement on Twitter (Chowdhury and Hambly
Odame 2013): not posting strategically, not choosing potential followers, and not creating relevant messages.
Third, by having better insight in the Twitter network and key actors in it, it is possible to create dialogue loops and seek communication in two-ways with the online
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community (Su et al. 2017). In line with these ideas, social media can counteract ICT’s
limitation of disseminating information in only one-way, without the opportunities of
interaction (Sulaiman V. et al. 2012). Following other authors (Suchiradipta and Saravanan 2016), and building on the work of Materia, Giarè, and Klerkx (2015), a research
and education organisation with a strong presence and role on social media fulﬁls
similar roles as ‘new extensionists’, in the sense that it then functions as an online ‘agricultural innovation broker’ (see also Chowdhury and Hambly Odame 2013; Kaushik
et al. 2018; Munthali et al. 2018). Beyond using social media as a channel for linear
information diﬀusion (mass-media or one-on-one), a research and education organisation through social media thus also can help forging multi-actor networks and spur
interactive dialogues.
Our ﬁndings provide practical implications for agricultural research and education
organisations with a presence on social media or which want to become active on
these platforms. 1) This research addresses a context-speciﬁc case of a Mexican agricultural research and education organisation, where, in most cases, the use of social media is
barely known and carried out by its members. While in some other research and education organisations this might be part of their daily life, or even having specialised
staﬀ for the management of social media. Thus, this case can be of use for
research and education organisations with similar characteristics or which are of
recent creation. 2) In order to have a more dynamic growth, it is relevant to have the
support of other accounts; for example, researchers, teachers, students, administrative
staﬀ, extension agents, or diﬀerent sorts of actors linked to the main organisational
account, which would require a dedicated social media institutional policy and campaign
to build such follower networks. 3) In line with the above and following Lackovic et al.
(2017), it is thus essential to consider the promotion of the use of Twitter within agricultural research and education organisations and their members. This task could be done
through workshops in order to explain its purpose, potential, and scope. This is related to
the idea of considering training programs, campaigns, and workshops to help actors in
agricultural extension understand and use social media better (Suchiradipta and Saravanan 2016). Therefore, it can be expected that oﬄine activities promoted among the community members will allow for the growth and strengthening of the online network.
Following Materia, Giarè, and Klerkx (2015), virtual and non-virtual interaction is an
iterative, cyclical and mutually reinforcing process; they complement each other. Thus,
both virtual and non-virtual interaction should be fostered, but as this study indicates
this requires a strategic approach from research, education and extension organisations
in which Social Network Analysis can be helpful to see where improvements need to be
made to optimise the network.
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