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CONTEXT: Addressing new agricultural challenges may benefit from open communication among field extension
agents and other actors who hold relevant expertise, including subject matter specialists and applied researchers.
OBJECTIVE: In the context, this article investigates the contribution of two social media messaging platforms, in
Ghana, to facilitating open information sharing and interaction amid the emergence of a new pest, fall
armyworm.
METHODS: Using thematic content analysis and network analysis, we analysed the types of content exchanged
over the platforms, the characteristics of the networks in terms of the involvement of different actors in sending
and receiving messages; and through platform user surveys established how such interaction patterns were
influenced by social relations, self-representational interests and organisational set-ups and rules.
RESULTS AND CONCLUSIONS: The results indicate that both social media platforms are characterised by rela
tively centralised network and communication structures, suggesting that participation in especially sending
messages is non-egalitarian. Such structural features are not conducive to complex knowledge and problem
solving processes such as knowledge integration and joint problem solving. In line with this, the analysis of the
actual knowledge and problem solving processes taking place demonstrated that the platforms were used more
for knowledge and information dissemination as well as for the distribution of notifications in support of
organisational coordination. Our investigations show that social hierarchies, organisational rules and tactics
related to identity management influenced these patterns of interaction and posed constraints to open knowledge
and information sharing. Nevertheless, the platforms play meaningful roles in supporting knowledge processes,
and are likely to generate useful input for knowledge integration and collaborative problem solving in com
plementary face-to-face settings.
SIGNIFICANCE: The study contributes to an emerging research area that relates social media (other than Face
book) to knowledge sharing, problem solving and broader forms of collaboration in professional spaces, in the
African agricultural context.
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informal networks.5 Local extension organisations may for example
engage in online networks, alongside formal organisational communi
cation structures, to enhance interaction with subject matter specialists
and applied researchers to respond to challenges such as fall armyworm.
These networks may function as open communication spaces: multiactor discursive spaces that side-step an organisation’s official chain of
communication to support intra and inter-organisational linkages, and
support equal access to information and free information sharing to
integrate knowledge and jointly solve problems as well as widely and
speedily disseminate farming-related solutions (Bennett, 1996; Sexton
and Lu, 2009; Abouzeedan and Hedner, 2012).
Notwithstanding the opportunity for new ICTs to facilitate open
knowledge and information exchange for the purposes of problem
solving, there is limited scientific evidence of new ICTs contribution to
supporting such collaboration in African or agricultural settings (Van
Osch and Coursaris, 2013; Ahmed et al., 2019). Current literature on
new ICTs’ contribution mainly focuses on knowledge sharing via social
media (specifically Facebook), but does not provide details on how this
serves processes of knowledge integration and joint problem solving
(Van Osch and Coursaris, 2013; Ahmed et al., 2019). Ahmed et al.
(2019) assess the current state of research regarding social medias’ use
in knowledge sharing and only identify two articles on Africa, out of
103, that fit their inclusion criteria. Furthermore, their study indicates
that although social medias’ use for knowledge sharing is a promising
new research area, a better understanding of the processes involved is
required (Phillips et al., 2018; Ahmed et al., 2019; Klerkx et al., 2019;
Fielke et al., 2020). Related to this call Van Osch and Coursaris (2013) in
their review on ‘organisation social media’,6 a topic they state has
received little attention, identify a number of research opportunities.
These opportunities relate to understanding how social media platforms
facilitate broader forms of collaboration and professional activities, than
knowledge sharing, to achieve organisational goals. These other
organisational uses include knowledge co-production, learning, inno
vation, monitoring, relationship building, lobbying, advertising and
marketing (Van Osch and Coursaris, 2013; Hansen et al., 2014; Kane
et al., 2014; Ahmed et al., 2019; Klerkx et al., 2019).
Nonetheless, within the limited literature Materia et al. (2015) pro
vide useful insight into new ICTs modest contribution to supporting
knowledge sharing, in research on the role of virtual and non-virtual
communication platforms in the Italian Agricultural Knowledge and
Innovation System (AKIS).7 They establish that online platforms play a
complementary role of initiating or supporting real-life interaction in
facilitating knowledge sharing and learning between researchers and
extension agents. Other authors, in Latin America and South Asia report
a similar complementarity between conventional communication
methods and new ICTs in knowledge sharing (Perez-Perdomo et al.,
2010; Sulaiman et al., 2012) and coordination (Colfer and Baldwin,
2016). Sulaiman et al. (2012) further suggest that the combination of
communication mechanisms includes user-driven new ICT platforms
such as Facebook that are emerging as powerful drivers of bottom-up
collective action (e.g., the Arab Spring) (Bennett and Segerberg,
2012). Sulaiman et al. (2012) are critical with regard to expert (orga
nisation) driven platforms use in knowledge sharing based on their
findings that most organisations in South Asian agricultural systems are
still operating in a linear technology transfer manner, and their (new)

1. Introduction
Globally, there are concerns over the capacity of extension organi
sations to incorporate recent scientific insights and other relevant
knowledge in their efforts to meet novel agricultural challenges (World
Bank, 2012; Klerkx and Proctor, 2013). In Ghana, linkages between
agricultural extension agents and other expertise (e.g., applied re
searchers) are also reportedly weak (Adolwa et al., 2017). This isolation
of expertise in the back-office1 of extension is a major agricultural sector
concern as it limits the quality of extension (front-office) services
delivered by hampering the kind of interaction and collaboration that is
needed to access, integrate and distribute appropriate knowledge to
address farming challenges (Van Crowder and Anderson, 1997). Given
this situation extension organisations may benefit from (intra and inter
organisational) open communication among extension agents and actors
with relevant expertise, including subject matter specialists and applied
researchers (Klerkx and Proctor, 2013). Klerkx and Proctor (2013)
suggest that informal networking can support this type of
communication.
Currently, there is renewed emphasis on strengthening such inter
action and linkages as climate change modifies production conditions in
farming systems (McIntrye et al., 2009; Karmakar et al., 2016; Schroth
et al., 2016). Climate change has led to the emergence of constraints and
shocks that require updated knowledge and immediate action (Klerkx
and Leeuwis, 2009; McIntrye et al., 2009). The emergence of the fall
armyworm pest in the Ghanaian maize farming system, in the 2016/
2017 farming season, is an example of such a challenge putting pressure
on Ghana’s extension organisations and research institutions to respond
in new ways (Abrahams et al., 2017; Day et al., 2017; Godwin et al.,
2017).
Like much of Africa, Ghana is experiencing a (new) Information and
Communication Technology (ICT) revolution2 that has rapidly tran
scended the analogue and broadcasting-oriented media landscape
(World Bank, 2011). New ICTs3 include social media,4 Short Message
Services (SMS) and Interactive Voice Response (IVR) mobile applica
tions as well as mobile data collection and storage applications (Lister
et al., 2003). Such ICTs have revolutionised how people communicate
and connect (Ahmed et al., 2019), because they are able to foster userdriven online networks for multi-actor engagement (Bennett and
Segerberg, 2012; Hansen et al., 2014; Cieslik et al., 2018; Munthali
et al., 2018; Fielke et al., 2020). New ICTs present opportunities for field
extension agents to connect with relevant expertise through more
1
“Back-office work supports the building of the service supply and takes
place in the absence of the client. It can include scientific and technological
monitoring, advisor training, management of technical references (e.g. the
construction and use of databases), and even the production of original
knowledge (through experimentation and R&D).” (Dhiab et al., 2020: 3)
2
The revolution was/is primarily driven by the shift from analogue to digital
technology, and more recently within the digital age there has been the
emergence and focus on networking digital technology. Therefore, reference is
also sometimes made to the networked digital age (Van der Haak et al., 2012).
3
The term new ICT is used in this study to refer not only to new media, media
preceding analogue broadcasting and printed media that are more interactive
and digital (Lister et al., 2003), but also technology such as unstructured sup
plementary service data, short message service, interactive voice response
(mobile technologies also considered relatively new (Gershon et al., 2013)) that
are not necessarily classical media nor digital or mass communication oriented.
4
“Social media refer to technology artefacts that support various actors in a
multiplicity of communication activities for producing user-generated content,
developing and maintaining connections and social relationships, or enabling
other computer- mediated interactions and collaborations,”(Van Osch and
Coursaris, 2013:700)

5
According to Klerkx and Proctor (2013) informal networks are more useful
for open information and knowledge exchange in pluralistic extension systems such as Ghana’s (DAES, 2011) - that are characterised by decentralised coor
dination which hampers these exchanges (Labarthe and Moumouni, 2008).
6
Social medias’ effects on communication and collaboration processes in
organisations (Van Osch and Coursaris, 2013).
7
Organisations involved in agricultural extension, research and education
(Adolwa et al., 2017) as well as farmers, scientists and extension staff (Klerkx
et al., 2012).

2

N. Munthali et al.

Agricultural Systems 190 (2021) 103123

ICT designs reinforce this approach rather than enable broader stake
holder interaction.
Overall, the literature suggests that user-driven new ICT platforms
have the potential to facilitate improved ways of knowledge sharing,
complementing conventional communication methods. However, Afri
can studies on this topic are scarce, and there is a general lack of insight
into the contribution of social media platforms to function as open
communication spaces that connect extension agents and relevant in
ternal and external expertise in knowledge sharing, problem solving and
broader forms of collaboration. This article aims to address this gap by
studying the contribution of two social media messaging platforms - one
affiliated to an extension organisation and the other to a research
institution in Ghana - to enhancing information sharing, interaction and
problem solving in the context of a newly emerging pest, fall armyworm.
In doing so, we also contribute to the limited literature on interaction in
the back-office of extension organisations (Dhiab et al., 2020).

2.2. The structural dimension: Multi-actor engagement and decentralised
communication in social networks
To understand the contribution of social media to multi-actor
knowledge generation and problem solving, it is not only important to
consider the content exchanged on the platforms, but also the structure
of content flows within the networks the social media platforms support.
Such structures can be identified through social network analysis based
on which networks are defined as “a set of individuals or organisations
[actors/nodes] and their relationships [edges/links],”(Kaushik et al.,
2018: 3). Social network theory seeks to explain the offline or online
relationships among a set of actors (individuals, groups and organisa
tions): why such relationships occur and how they influence actors’
behaviour (Knoke and Yang, 2011), while social network analysis
measures and represents the structure of actors’ relationships (e.g., au
thority or power, association or affiliation, kinship and descent, trans
actional or communication relations (Wasserman and Faust, 1994;
Knoke and Yang, 2011). As is detailed below, the structures through
which actors communicate and interact may differ with regard to their
level of (de)centralisation or openness. This resonates with the notion of
open communication spaces which is an important dimension of open
innovation - a new paradigm for innovation in companies’ research and
development processes (Chesbrough et al., 2006; Abouzeedan and
Hedner, 2012). Making this shift requires that organisations facilitate
the process of (re)combining knowledge with a broad set of stake
holders, within and external to the firm to accelerate organisational
innovation, and to expand innovations’ use. The opportunities for online
networking that social media present (Haythornthwaite, 2002) may
foster multi-actor engagement through the creation of new inter or intra
organisational linkages and potentially facilitate open communication
spaces that support a variety of knowledge and information sharing, and
discussion processes.
In view of our interest in open communication spaces, the analytical
focus of this study is on the implications of network structure for
“communication relations - connections between actors that are chan
nels through which messages may be transmitted” (Knoke and Yang,
2011: 8).

2. Analytical framework
Our study focuses on communication and interaction among field
extension agents, subject matter specialists and applied researchers in
the back-office of extension organisation, in the context of responding to
an immediate threat. The literature on extension communication
(Leeuwis, 2004) and social media networks (Carolan, 2014a, 2014b)
suggests that it may be useful to analyse platforms actors’ interaction
along three dimensions. The first dimension relates to the type of con
tent being exchanged in interaction (the substantive dimension). The
second dimension relates to ‘who communicates with whom’, and can
be labelled as the structural dimension of interaction in the network. As
will be detailed below, this relates closely to the issue of how open and
inclusive communication is taking place over the platforms. Finally, it
has been argued that communication has a relational dimension that is
people are likely to manage their social status, identity, image and social
relationships when interacting with others, which may in turn affect
who communicates with whom about what (Goffman, 1959; Leeuwis,
2004). Below we elaborate on these interrelated dimensions and intro
duce the research questions following from this.

2.2.1. Network and communication structure
We identify to what extent the actors’ connections (interactions) on
the online social media platforms are (de)centralised, which simulta
neously influences patterns of communication on the platforms. A
network structure is centralised when there are many nodes (actors)
with relatively few connections to others, and few or one node with an
exceptionally high level of connectivity (Carolan, 2014b). In contrast, a
network structure is decentralised when the number of connections per
node is distributed more or less equally and when there are few nodes
with an exceptionally high level of connectivity (Carolan, 2014b). The
latter structure denotes a network has no dominant nodes and actors
have equal influence in a network or equally contribute to the network
(Carolan, 2014a). A decentralised network supports free information
sharing and discussion - relevant to non-routine8 problem solving, whilst
a centralised network supports information dissemination and diffusion
- useful in routine problem solving (Klerkx and Proctor, 2013; Carolan,
2014a). This shows that network structure is closely related to
‘communication structure’: the pattern in which content or information
flows in a social group (e.g., network or organisation) (Knoke and Yang,
2011). In the context of the social media platforms network structure is
synonymous with communication structure, since we study the

2.1. The substantive dimension: Knowledge processes and functions in
pest and disease management
Literature on AKIS’ suggests that in order to support decision making
and innovation in problem solving, relevant organisations in-country
(including extension and applied research) should effectively work
together in processes of knowledge and information “generation,
transformation, transmission, storage, retrieval, integration, diffusion
and utilisation” (Röling, 1990: 1). We assume that in order to deal with
fall armyworm, extension and applied research organisations need to
engage in several of the knowledge and information processes
mentioned (e.g. generation, integration, diffusion, sharing, etc.), and
also exchange problem solving content related to pest and disease
management (e.g. pest alerts, pest identification, pest monitoring, con
trol measures, etc.). Such processes take place typically in the backoffice of extension organisations, where different internal and external
sources of knowledge and expertise need to meet to enhance the quality
of front-office service delivery. In relation to such substantive ex
changes, we recognise that the the level of complexity involved in the
various knowledge and problem solving processes may differ. Processes
such as diffusion or the sharing of a pest alert can typically be performed
in a one-directional manner, while processes such as knowledge inte
gration and the co-creation of solutions normally require open discus
sion and knowledge sharing among actors with diverse perspectives and
experiences (Aarts and van Woerkum, 2005; Phillips et al., 2018). In this
study, therefore, we explore the actual knowledge and problem solving
processes and substantive exchanges that are enacted on social media
platforms.

8

“According to Smedlund’s typology, a centralised network has been found
adequate for maintaining adequate knowledge in order to achieve operational
effectiveness for what he calls ‘routine problem solving’ aimed at solving
commonproblems which have a well-known solution space,”(Klerkx and Proc
tor, 2013: 16).
3
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and Telegram10) to facilitating open communication to support knowl
edge sharing, problem solving and other collaborative back-office pro
cesses among extension agents, subject matter specialists and applied
researchers in the context of a newly emerging pest (fall armyworm)?
More specifically, this study aims to establish:

exchange of messages; in other contexts there may also be other types of
exchanges in the network (e.g. financial, goods, etc.). Fig. 1 shows the
type of decentralised (open) and centralised (wheel) communication
structures associated with specific network structures that are relevant
to this study. In the remainder of this contribution we will use the term
network-communication structure to indicate the overlap in definition
of these two terms in the context of social media interactions discussed
above.

1) The type of content shared on the platforms: what kinds of knowl
edge, problem solving and other collaborative processes take place
on these platforms, and what is the content that is exchanged?
2) The network-communication structure of the platforms: how do
platform actors connect with each other and what is the resulting
degree of (de)centralisation?
3) The relational dynamics and social factors shaping interaction on the
platforms: How do different roles, identities and interests manifest
themselves on the social media platforms and how does this relate to
the prevailing network-communication structure?

2.3. The relational dimension: Social factors influencing dynamics of
interaction
The content and structure of communication and interaction on so
cial media platforms may be influenced by various social factors. This
reflection is based on the notion that society and technology mutually
shape each other (Scarbrough, 1992). Therefore, based on two consid
erations we are of the view that social interests and dynamics of power
are likely to play a role in determining the platforms’ use, beyond their
potential to enable new forms of communication.
First, social roles and identities (e.g., supervisor, subordinate or
expert, non-expert), and related authority or responsibility configura
tions, may influence interaction dynamics on the platforms (Jones et al.,
2006) in ways that open up or close down open knowledge and infor
mation sharing. According to Halliday (1994), actors in interaction as
sume discourse identities (questioner, answer provider, giver, receiver)
that are shaped by social roles and related ideologies (Kress, 1985;
Halliday, 1994). Based on Halliday’s functional-semantic view of dia
logue, these discourse identities that position both the speaker and the
potential respondent in interaction involve conversational moves various initiating moves (statements, offers, questions, and commands)
and various responding move (acts of acknowledgement, agreement,
rejection, contradiction) (Jones et al., 2006). Social relations and iden
tities may enable or constrain the conversational moves (types of mes
sages) that are available to particular actors, thus influencing whether
free information sharing and discussion occurs.
Social roles and identities also influence interactional dynamics
because actors may opt out of information sharing and discussion in
view of self-representational interests. According to Goffman’s theory
on social interaction, actors in interaction naturally engage in various
defensive and impression management strategies to achieve specific and
tacit interactional objectives (Goffman, 1959). Thus, actors on social
media platforms may, for example, abstain from interaction to save face
that is to “prevent feelings of failure, embarrassment, incompetence and
inferiority,” (Aarts and van Woerkum, 2002: 426).
Another set of factors relates to how organisational choices, strate
gies and set-ups may impact communication and interaction on social
media platforms. In connection with this we need to consider that or
ganisations involved in technology development or application make
design choices (Williams and Edge, 1996), either intentionally or un
intentionally. This implies that there is scope for organisations to shape
new ICT design to a preferred purpose and outcome, modelling them to
fit their existing organisational structure and associated chain of
communication (MacCormack et al., 2012). Thus, the type of content
shared over the social media platforms, the actors involved, and how
content flows between actors may be influenced by strategic choices,
power configurations and organisational set-ups.
From this analytical backdrop the central question of the study
emerges: what is the contribution of social media platforms (WhatsApp9

3. Material and methods
In this section we provide insight into the emergence of fall army
worm in Ghana. We then provide a brief description of the cases studied,
and explain how data collection and analysis proceeded to align with the
study objectives.
3.1. Emergence of fall armyworm
Research and extension in Ghana are under pressure to respond to
new agricultural challenges resulting from climate change (McIntrye
et al., 2009). The emergence of the fall armyworm pest in the Ghanaian
maize farming system is an example of these challenges. Fall armyworm,
that originated from the Americas, emerged in Ghana around 2016 due
to favourable weather and temperatures caused by climate change
(Abrahams et al., 2017). Fall armyworm impacted severely on the
Ghanaian agricultural sector. From the perspective of Ghanaian farmers,
the pest led to an average maize loss of 45% (range 22–67%) in 2017
(Day et al., 2017; Kassie et al., 2020). The emergence of this pest not
only introduced shocks and uncertainty into the maize farming system,
but also put pressure on extension and research organisations to monitor
real-time pest occurrences, establish context appropriate pest control
measures, and roll out a mitigation strategy speedily (Abrahams et al.,
2017).
3.2. Case selection and description
During 2017, when efforts to respond to the fall armyworm infes
tation were in progress, the research team was simultaneously studying
the application of new ICTs by public and private extension organisa
tions in the Brong-Ahafo Region. During this period, we identified two
interlinked social media platforms: a platform operated by the MOFA Wenchi District Food and Agriculture Department (DFAD) and one
established by the Plantwise Programme of the Centre for Agriculture
and Bioscience International (CABI), Ghana. Both platforms were used
in the back-office of the MOFA-DFAD extension organisation with select
staff being members of both platforms.
3.2.1. MOFA-DFAD WhatsApp platform
The MOFA-DFAD is a public extension organisation that engages in
frontline diagnosis of crop pests and diseases, and advises farmers (value
chain actors) on appropriate control measures. Additionally, it conducts
on-farm-adaptive technology field trials with researchers and collects
data on farmer’s knowledge demands. This organisation established the
WhatsApp platform in 2017. Initiated by a middle level manager

9
WhatsApp Messenger is an instant messaging (mobile and desktop) appli
cation that enables the exchange of text, images, video and audio messages
between individuals and in actors in groups. See https://www.whatsapp.com/?
lang=en for more information.

10
Telegram is also an instant messaging that enables the same functions as
WhatsApp. See https://telegram.org/ for more information.
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Fig. 1. Centralised and decentralised network structures and associated communication structures (Bicsi, 2002, communicationtheory.org, 2020).

agricultural marketing officer. The other actors on the platform were
finance and administrative staff.
3.2.2. CABI-Plantwise Telegram platform
The other organisation identified that was coordinating a social
media platform was CABI, an international research institution. Through
the Plantwise global Programme, CABI engages in research to identify
(new and re-emerging) pests/diseases and their management strategies.
Further their role is to detect pest/disease risks and spread awareness of
these risks, and engage in training of frontline extension staff to support
farmers’ in accessing appropriate plant health advice to minimise their
crop losses due to pests/disease. CABI works with a national imple
menting partner, the MOFA-Plant Protection and Regulatory Services
Department (PPRSD), to achieve the Plantwise Programme objectives.
CABI, established the Plantwise Telegram platform in 2016 to improve
knowledge flows and diagnostic support between a nationwide network
of public extension agents (trained as plant doctors) and various crop
protection subject matter specialists and researchers. This moderated
platform was preceded by an informal WhatsApp group initiated by a
MOFA-PPRSD district level manager to share and source information.
Similar to the DFAD WhatsApp platform, extension agents formed the
bulk of the 23012 actors on the CABI-Plantwise Telegram platform
(Fig. 3). In the rationale of CABI, AEAs and DAOs (extension staff) had
relatively less scientific expertise about pests and diseases, whilst subject
matter specialists had high-level scientific expertise. These specialists
included agronomists, pathologists, entomologists, taxonomists and
extension advisors from various organisations and in various
geographical locations. CABI and PPRSD staff (at HQ and district level),
who were also the platform coordinators, made up two-thirds of the
specialist population.

Fig. 2. MOFA-DFAD WhatsApp platform actor composition.

(District Agricultural Officer (DAO) – see description below), it was
primarily developed for socialising and then later unofficially adapted to
improve information flows between DFAD managers and extension
agents.
The entire DFAD staff of 34 persons,11 comprising extension field
staff and managers, were included on the platform (Fig. 2). Extension
field staff comprised Agricultural Extension Agents (AEAs), Youth
Extension Agents (YEAs) and National Service Personnel interns (NSPs).
The management team included the DFAD Director, and the DAOs,
middle managers that are specialised and directly supervise extension
field staff. Participating middle management officers included: a crops
officer, senior veterinary officer, and management information systems
officer, women in agriculture officer, agriculture engineering officer and

11
At the initiation of the study in May 2018 the MOFA-DFAD office had 34
staff members. However, in terms of actors on the platform for the period of
analysis the figure increased by 3 as more actors, new members of staff, were
included on the platform.

12
At the initiation of the study in May 2018 the platform had 230 members.
However, in terms of actors on the platform for the period of analysis the figure
increased by 5 as more actors were included on the platform.
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In addition, we applied social network analysis to the interaction
data to determine the network-communication structure of the plat
forms. To facilitate the analysis, we developed adjacency tables for
nodes (labels of network actors) and for edges (connections between
actors) for both platforms. The node tables specified the name and
designation of platform actors, and the edge tables showed which actor
directed a message at another actor (see the example in Fig. 4.) We
uploaded the adjacency tables onto Gephi graph visualisation software.
Based on certain assumptions and conditions we calculated and
visualised three measures, using Gephi software, to determine the
network-communication structure of the platforms (Table 1). Firstly, at
network level, we calculated network density to establish the extent to
which all the potential connections between platform actors were pre
sent in the network (Farr et al., 2018). This measure served as an indi
cator of platforms actors’ general level of interconnectivity. Secondly, at
node level, we calculated the clustering coefficients of all platform ac
tors and visualised them as distributions to establish the actors’ “ten
dency to group in pockets of dense connectivity” (Carolan, 2014b). This
measure served as an indicator of the extent of interconnectivity around
individual actors in the networks.
Lastly, and also at node level, we visualised frequency distributions
that showed the number of connections each actor had with other actors
in the network (Wasserman and Faust, 1994). Through the visual
isations, we determined the type of distribution for in-degrees and outdegrees of the platforms.

Fig. 3. CABI-Plantwise Telegram platform actor composition.

3.3. Data collection and analysis
Data collection for the study mainly involved accessing records of
interaction for both platforms and user surveys. These methods are
described below alongside the technique used to analyse the data
collected.

3.3.2. Key informant interviews and user survey
Aside from the content analysis and social network analysis, we
conducted a complementary online survey, via Google Forms, to gain
insight into how platform actors experienced interaction on each plat
form. The survey questionnaire was developed with insight from key
informant interviews with senior managers from each organisation (one
from CABI, MOFA- PPRSD and the MOFA-DFAD), the platforms’ initi
ator and administrator (two affiliated to each platform), and two
extension agents from the DFAD that were on both platforms. Through
thematic analysis, these interviews, provided preliminary insight into
two broad areas: 1) the general use and perceived value of the platforms
in organisational activities, including fall armyworm management; and
2) factors seen as hampering or enabling interaction on the platforms.
The insights from the key informant interviews on the second area were
used to formulate questions and statements on which a broader selection
of platform users could indicate their level of (dis)agreement using a 5point Likert scale. The questionnaire also included open ended questions
to capture unprompted views on the aforementioned topics. It was

3.3.1. Accessing records of platform actors’ interaction
Permission was requested from the organisations above to observe
interaction on the platforms. Permission was granted by the organisa
tions and the principle researcher was added to the WhatsApp and
Telegram groups. We specifically accessed interaction data for the DFAD
WhatsApp platform from July 2017 to June 2018 and for the Plantwise
platform from April 2017 to June 2018. The data accessed was from the
earliest date possible in 2017 until June 2018. This data was sufficient to
cover analysis for part of the 2016/2017 farming season, the season fall
armyworm appeared. Further, the data covered a full maize production
cycle, in the minor season of 2017/2018, and enabled the analysis of
how the pest was being managed the season following its’ emergence. To
analyse the interaction data, we exported data on platform interactions
into text files using the export function available on both WhatsApp and
Telegram applications. The text files on platform actors’ interaction data
were then uploaded into ATLAS.ti software for content analysis and for
processing to apply social network analysis.
Thematic content analysis, complemented by descriptive statistical
analysis, was applied to the platform actors’ interaction data to achieve
two outcomes. Firstly, to establish the type of content (messages) posted
on both platforms and the frequency of posting. For this study, a message
was defined as a complete idea communicated to platform actor(s) in a
single post or multiple posts if subsequent posts were a continuation of
the initial post. Further, we applied an iterative coding method (Sri
vastava and Hopwood, 2017) and built the core coding scheme on
Halliday’s functional-semantic view of dialogue that highlights a broad
set of initiating and responding moves that occur in interaction (Halli
day, 1994; Jones et al., 2006). We formulated the core coding scheme by
identifying possible sets of initiating and responding moves (messages)
that related to knowledge sharing and problem solving. However, we
kept the scheme open to capture types of messages that emerged during
the coding process – see appendix 1 for the detailed coding scheme.
Secondly, through content analysis and as part of determining the
relational dynamics on the platforms, we identified the actors involved
in posting specific types of initiating and responding messages and the
extent to which they posted them. We applied this method of analysis to
the message categories ‘knowledge sharing for problem solving‘ and
‘notifications’, as these emerged as the main professional content shared
over the platforms (see Figs. 5 and 6).

Fig. 4. Example network nodes and edges adjacency table.
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Table 1
Social network analysis indicators and interpretation in the research context.
Definition of measure and interpretation

Network level of analysis
Network density: the number of connections between nodes in a network expressed as a proportion of the total
number of connections that are possible. Network density ranges from 0 (no connections in the network) to
1 (all possible connections in a network are present).
High network density shows that networks actors are densely interconnected.
Node level of analysis
Clustering coefficient for in-degree and out-degree: shows the extent to which all the actors linked to a specific
node are connected to each other. Measuring this involves establishing for each network actor (the ego) the
actors it is linked to (neighbours), and then representing through a ratio the extent to which the ego’s
neighbours are connected to each other.
If the node’s neighbours are fully connected the clustering coefficient is 1, whilst a value of 0 means there
are no connections among neighbours and they are pendant to the ego. This coefficient can be measured in
terms of in-coming connections (in-degree, related to receiving messages) and out-going connections (outdegree, related to sending messages)
A clustering coefficient distribution with most actors having a high clustering coefficient shows a network
has numerous pockets in which actors (egos) have densely interconnected neighbours, and indicates that
there are reciprocal connections in the egos local network that support content exchange and discussion.
Degree for in-degree and out-degree: the degree is the number of connections for each node. These
connections can be measured in terms of the in-degree and out-degree
An egalitarian degree distribution indicates there are no dominant networks actors, and there is equal
contribution of actors in the network and free content sharing.

Assumptions/
conditions

Type of network-communication structure
Centralised: Wheel

Decentralised:
Open

1 and 2

Low
X≤ 0.59

High
X ≥ 0.6

1, 3, 4, 5, 6 and 7

≥ 60% of nodes = X
≤ 0.59

≥ 60% nodes = X ≥
0.6

1,4,5,6 and 7

Long-tale
distribution

Egalitarian
distribution

Assumptions and conditions of analysis
1. A message was defined as a complete idea communicated to platform actor(s) in a single post or multiple posts if subsequent posts were a continuation of the initial
post.
2. We calculated undirected as opposed to directed network density, with a weight of ‘1’ attached to each connection, to show the connection between actors regardless
of which actor initiated contact or the number of times a connection was made between actors.
3. We calculated the measure considering the direction of the connection.
4. For in-degree we considered that initiating messages that were untargeted were sent to all platform actors.
5. For out-degree we considered only targeted messages sent by actors.
6. For in-degree we excluded messages received by unknown actor (unidentified actors).
7. For out-degree we excluded message sent by unknown actors (unidentified actors).
Source: Carolan, 2014c

fourth category ‘notifications’ incorporated communication on tasks or
activities scheduled, pending, in progress or completed, and the final
category ‘social’ was associated with recreational and other non-workrelated messages.
There were differences in the main categories of messages shared on
the platforms (see Figs. 5 and 6). The DFAD platform was dominated by
‘social’ messages. Though, in relation to extension activities, ‘notifica
tions’ were the main category of messages shared on this platform
(Fig. 5). According to some DFAD staff socialising played an important
role on this platform. In the survey, two DFAD staff stated that social
ising relieved tension on the platform and motivated actors to engage.
On the Plantwise platform most of the messages fell under the
category ‘knowledge sharing for problem solving’ (Fig. 6), while ‘social’
messages were virtually absent. Here too, ‘notifications’ were quite
prevalent. On both the DFAD platform and Plantwise platforms, there
were few messages related to ‘pest/disease monitoring’ and ‘knowledge
dissemination’.
In relation to fall armyworm management, the key informant in
terviews revealed that the perceived value of both platforms lay in early
detection of the new pest, alerting and raising awareness of stake
holders, and disseminating controls. In relation to this, a key informant
from CABI stated that in the initial stages of the infestation there were a
number of platform posts showing pictures of infested maize plots.
When the frequency of such posts increased, while no prescription was
being provided, the problem was seen by CABI and PPRSD as escalating
and prompted laboratory testing to identify the pest. The key informant
further explained that once the pest was identified and reported to the
authorities (MOFA headquarters) as a new threat, a stakeholder meeting
was organised to establish how to manage the infestation. Another key
informant from PPRSD added that once appropriate control measures
for the pest were established in the stakeholder meeting, awareness

expected that these user evaluations could support the interpretation
and explanation of the observed dynamics of interaction over the
platforms.
The survey response rate was 77.1% (27 of 35) for the DFAD staff and
23.9% (55 of 230) for the actors on the Plantwise platform. We faced
challenges in getting responses from Plantwise platform actors as they
were widely distributed across Ghana, unlike the DFAD office staff.
Their dispersion made it difficult to follow them up in person to provide
them with a device with internet access and prompt them to fill out the
survey. However, the responses received were sufficient to provide
valuable insights into user perceptions of the Plantwise platform’s
interactional dynamics. Data from the online survey’s open-ended
questions were analysed through thematic analysis and the automated
analytics of Google Forms generated descriptive statistics of data from
the structured questions.
4. Results
In this section, research findings are presented under sub-sections
that relate to the study objectives.
4.1. Content exchanged over the platforms
The types of messages shared on the platforms were identified and
grouped into five categories (Table 2). The first category ‘knowledge
sharing for problem solving’ encompassed messages that outlined or
contributed to resolving problems, and the second category ‘knowledge
dissemination’ encompassed messages related to knowledge sharing for
the purposes of education and information. ‘Pest/disease monitoring’,
the third category, incorporated notifications from field staff of pest/
disease occurences and official notifications of pest/disease threats. The
7
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Table 2
Categories of messages shared on the MOFA-DFAD WhatsApp and CABI-Plantwise Telegram platform.

Fig. 5. Proportions category of messages shared on the MOFA-DFAD What
sApp platform.

Fig. 6. Proportions category of messages shared on the CABI-Plantwise Tele
gram platform.

creation on the pest and dissemination of the controls followed through
various channels. Through the platform content analysis, we observed
that these channels included both the Plantwise platform in the form of
lectures and as responses to subsequent posts on challenges in identi
fying or diagnosing fall armyworm; and through the DFAD platform in
the form of technical information sharing messages and bulletins. The
two extension agents interviewed that were on both platforms added
that social media platforms were a cheaper and faster channel of
disseminating pest alerts than prevailing mechanisms (emails and phone
calls), and sped up the response to controlling the infestation and
enabled personal learning.

4.2. Platforms’ network and communication structures
Based on network density and clustering coefficient distributions, we
established that the DFAD platform had higher interconnectivity than
the Plantwise platform. The network density of the DFAD platform was
0.3 with 94.7% (36 of 38) platforms actors being connected to another
platform actor by either sending or receiving messages. In comparison,
the Plantwise platform had a lower network density of 0.01 with 42.6%
(97 of 235) of platform actors not having a single connection to another
platform actor. However, despite the DFAD platform having higher
8
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average in-degree was noticeable higher that the average out-degree.
This indicates that the platform actors mostly received messages as
opposed to sending them.
Overall, from this section, we establish that the platforms possess
centralised network and communication structures - suggesting that
platform users participation in especially sending messages over the
platforms is non-egalitarian. Therefore, the platforms do not facilitate
open communication spaces. However, the user survey indicated that
platform actors did not only value and use the platforms for interaction.
Instead, a substancial number of actors used the platform by reading
posts. On the DFAD platform, 73.9% of respondents stated they read
posts daily, compared to 53.4% on the Plantwise platform.

interconnectivity than the Plantwise platform, both platforms scored a
network density that was less than 0.6.
In relation to the clustering coefficient13 distributions of the plat
forms, we observed for the in-degree distribution that all nodes (actors)
in the DFAD platform had a clustering coefficient greater than 0.6, while
this is true for most nodes (actors) in the Plantwise platform (Figs. 7 and
8). Further, the platforms’ average clustering coefficient was higher than
0.6 in both cases (the average coefficient of the DFAD platform was 0.78
and that of the Plantwise platform 0.76). This indicates that both net
works had a decentralised and open structure when it comes to receiving
messages from others in the network.
However, in relation to the out-degree clustering coefficient distri
bution, the data for both platforms revealed that most actors had a
clustering coefficient that was lower than 0.6 (Figs. 7 and 8). Addi
tionally, the DFAD platform had an average clustering coefficient of 0.51
and the Plantwise platform 0.13. Therefore, both platforms scored a
lower average clustering coefficient for out-degrees than for in-degrees.
Moreover, the Plantwise platform scored a noticeably lower average
clustering coefficient for out-degrees in comparison to the moderate
score of the DFAD platform. This indicates that both networks had a
relatively centralised structure when it comes to sending messages to
others in the network, with the Plantwise platform being considerably
more centralised than the DFAD platform.
Moving to the type of degree distribution of the platforms for
different types of participants (as related to the platforms’ level of
egalitarian participation), we established that the degree distribution for
both platforms was similar. For both platforms, the in-degree distribu
tion values were evenly distributed over the different types of actors – as
reflected in a limited variation in node sizes in each network (Figs. 9 and
10). Therefore, for both platforms there were no particularly prominent
nodes or actors in the network with regard to receiving messages.
However, the out-degree distribution of both platforms showed that
few platform actors accounted for the bulk of messages sent in the
networks – as reflected in the noticeable variation in node sizes in the
network (Figs. 11 and 12). However, the average out-degree for the
DFAD platform was much higher than that of the Plantwise platform,
suggesting a relatively more egalitarian participation in sending mes
sages for the former. In the case of the Plantwise platform, we found that
some actors did not have any connections at all which indicates that they
had not sent any messages (see Fig. 12). These findings suggest that the
platforms had some dominant actors with regard to sending messages.
The dominant actors on the DFAD platform were mainly the managers,
while on the Plantwise platform we see that dominant actors included a
few actors with high scientific expertise, as well as some extension staff.
A plausible explanation for the DFAD platform having an out-degree
distribution that was much closer to an egalitarian distribution than the
Plantwise platform, and a higher average out-degree clustering coeffi
cient, relates to the social nature of the DFAD platform (see Fig. 5). This
arguably made it less restrictive in terms of the type of messages that
actors could share than the Plantwise platform which had rules of
interaction to ensure that it was only used for knowledge sharing and
problem solving. Six survey respondents on the DFAD platform stated
they posted messages on the platform anytime they felt like it and 10
stated that sharing social messages on the platform was beneficial to
keeping actors motivated to engage and creating a relaxed atmosphere
for sharing. Such motivations were not prominent for the Plantwise
platform: here a substancial proportion of survey respondents (20 of the
55) stated they were motivated to post messages when they had a
problem that was beyond their capabilities.
Finally, our network analysis suggests that for both platforms, the

4.3. Platform actors’ key relationships shaping interactional dynamics
A number of relationships central to interaction on the platforms
were identified through key informant interviews. Based on the set-up
and observed dominant professional usage of the DFAD platform (no
tifications for purposes of coordination), a key relationship among
platform actors was that between supervisors (managers – DAOs and
Directors) and supervisees (extension field staff – NSPs, YEAs, AEAs).
Similarly, on the - Plantwise platform, the main relationship that
emerged as relevant in the context of knowledge sharing for problem
solving (the dominant usage) was that between subject matter special
ists and extension staff.
4.3.1. Key relationships and knowledge sharing for problem solving
Although the DFAD platform was dominated by other forms of usage,
it also had significant ‘knowledge sharing for problem solving’ activity
(see Fig. 5). In relation to this, we established that DFAD managers (the
director and DAOs) as supervisors were more actively involved in
responding to problems posted (mostly by extension field staff) on the
DFAD platform (see Fig. 13 – results bars ‘Response knowledge gap
stipulation’ and ‘Response practical problem stipulation’ combined).
Hence, horizontal exchange among extension field staff was limited.
DFAD key informants expressed that active participation of DAOs in
these activities could be attributed to them being subject matter spe
cialists that extension field staff were required to consult regularly. In
line with this, when asked about reasons for inactivity, 65.2% agreed or
strongly agreed with a statement indicating that they were inclined to
respectively give space to more knowledgeable actors, while 60.9%
were concerned about providing wrong answers in the presence of su
periors (see Appendix 2 for questions asked). Interestingly, one manager
stated that he hesitated to participate on the platform when incorrect
solutions were provided by others to avoid creating tensions. Instead, he
opted to provide the correct solution in private conversation.
Key informants from CABI reported that the Plantwise platform was
set-up to position extension agents as knowledge recipients from staff
with specialised crop protection knowledge. However, the analysis of
interaction on the Plantwise platform around ‘knowledge sharing for
problem solving’ revealed that the specialists were not providing solu
tions on the platforms. Instead, extension agents and DAOs (extension
staff) also actively engaged in providing solutions to problems that their
immediate colleagues (other AEAs and DAOs) posted on the platform
(Fig. 14).
The unanticipated high involvement of those who were supposed to
be at the receiving end of solutions and prescriptions on the platform
was attributed, by three survey respondents, to specialists being (a) too
busy and (b) too few to respond to all knowledge gaps and other prob
lems posted on the platform. Furthermore, despite extension agents
playing a prominent role in solution provision on the platform, most
survey respondents on the Plantwise platform were of the view that such
‘non-specialists’ were not active in providing solutions as they were
inclined to give space to actors with expertise to engage in this activity
out of respect (60%) (see Appendix 3). Additionally, a subject matter
specialist stated that specialists were less inclined to post problems on

13
Interconnectivity of actors connected to one actor or node (the central actor
or ego). A clustering coefficient of 1 denotes that actors connected to the ego
are also all connected to each other. While a clustering coefficient of 0 denotes
actors connected to the ego are all not connected to each other.
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Fig. 7. In-degree and out-degree clustering coefficient distribution MOFA-DFAD WhatsApp platform.

Fig. 8. In-degree and out-degree clustering coefficient distribution CABI-Plantwise Telegram platform.

the platform as this might jeopardize their reputation as a highly
knowledgeable person.

opportunities for extension agents and other experts (subject matter
specialists and researchers) to enhance their knowledge sharing, prob
lem solving and collaboration in the back-office of extension organisa
tions. We investigated the contribution of two interlinked social media
platforms to facilitating open information sharing and interaction in the
context of responding to a new pest (fall armyworm).
In the sections below, we elaborate on three key findings. The first is
that the types of content shared over the two platforms varied consistent
with differential organisational purposes and the corresponding set of
actors involved in the networks. Secondly, we see that the networkcommunication structure of the platforms is relatively centralised and
non-egalitarian, especially when it comes to actors sending messages to
others on the platforms. Therefore, the platforms do not function as open
communication spaces that are deemed conducive for knowledge inte
gration and joint problem solving. Thirdly, we see that the centralised
pattern of interaction that emerges on the platforms is influenced by
organisational choices and rules, hierarchical social relations and selfrepresentational interests. Below, we elaborate on these key observa
tions and discuss their implications.

4.3.2. Key relationships and professional notifications
Turning to the ‘supervisor and supervisee’ relationship on the plat
forms, we established that on the DFAD platform, managers (the director
and DAOs) as supervisors not only played an active role in making an
nouncements and posting directives, but also played a greater role in
acknowledging and responding to posts than their subordinates
(extension field staff) (Fig. 15).
In the case of the Plantwise platform, the roles of the supervisor
(specialists) being the initiators of announcements or directives and the
supervisee (extension staff) being the receivers (acknowledging or
making note of these type of messages) was explicit. This situation was
explicit as specialists surpassed other actors in sending announcements
and directives, and were less likely to provide activity reports as they did
not work in the field (Fig. 16).
5. Discussion
Central to this study is that social media platforms present
10
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Fig. 11. Out-degree distribution visualisation for the MOFA-DFAD What
sApp platform.

Fig. 9. In-degree distribution visualisation MOFA-DFAD WhatsApp Platform.

Fig. 10. In-degree
gram Platform.

distribution

visualisation

CABI-Plantwise

Tele
Fig. 12. Out-degree distribution visualisation for the CABI-Plantwise Tele
gram platform.

5.1. Organisation design choices and the role division between content
shared over the platforms and other media

communication spaces through the social media platforms, the organi
sations defined specific platform purposes with regard to supporting
substantive exchange and in relation to this they include specific actors

Despite the opportunity for both organisations to facilitate open
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on the platforms. As a result, the two platforms have a different
emphasis in terms of the knowledge and problem solving processes that
are supported and take place on the platforms. The DFAD platform
mainly serves as an efficient mode of coordinating extension activities
through its emphasis on disseminating announcements and directives
from management to extension agents. In contrast, the Plantwise plat
form has a broader national actor composition and focuses on knowl
edge sharing among specialists and extension staff to bridge extension
agents’ knowledge gaps.
These findings indicate that even though new ICTs present oppor
tunities for new forms of interaction, organisations shape their appli
cation (design) to a preferred purpose among various technical
possibilities (Scarbrough, 1992; Williams and Edge, 1996). Nonetheless,
despite each platform supporting specific types of substantive exchange,
collectively the platforms modify the interaction in the extension system
in a meaningful way (Hamilton et al., 2016). Collectively the platforms
support a broad set of substantive exchange processes (see Table 2).
Similar to Osch and Coursaris’ findings (2013), the platforms support
knowledge sharing for extension agents to individually resolve prob
lems, enhance information dissemination to improve the coordination of
front-office extension activities and enable timely pest/disease moni
toring. Moreover, it is observed that the platforms are complementary in
supporting knowledge sharing within and between organisations, or
-phrased differently- enable different forms of social capital (King et al.,
2019). The extension agents that are on both platforms can access new
knowledge sources and fresh insights from the Plantwise platform that
supports inter-organisational linkages (bridging social capital), and in
turn they can channel this knowledge to their internal platforms and
thus reinforce existing bonding social capital (Cofré-bravo et al., 2019).
The organisations’ selective social media application responds to
gaps within an existing landscape of communication and interaction
mechanisms that are available in the back-office of extension organi
sations, and at the same time, remains firmly embedded in a broader and
complementary landscape of media-use and face-to-face interaction
mechanisms. In relation to mitigating the fall armyworm infestation, for
example, the value of the platforms lies in early detection of the new pest
infestation, identifying the knowledge gaps associated with the pest, and
dissemination of pest alerts and controls. At the same time, however,
face-to-face fora remain important to facilitate in-depth discussions for
knowledge integration and joint problem solving. At the national level
(as CABI key informants inferred) stakeholder meetings constitute such
complementary fora used to discuss emerging problems that are iden
tified through the platforms and used to chart mitigation strategies.

Fig. 13. Extent actors posted initiating and responding message related to
knowledge sharing for problem solving on the MOFA-DFAD What
sApp platform.

Fig. 14. Extent actors posted initiating and responding messages related to
knowledge sharing for problem solving on the CABI-Plantwise Tele
gram platform.

Fig. 15. Extent actors posted initiating and responding messages related to notifications on the MOFA-DFAD WhatsApp platform.
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Fig. 16. Extent actors posted initiating and responding messages related to notifications on the CABI-Plantwise Telegram platform.

However, we see the platforms’ network-communication structure
supports other and less complex substantive knowledge, problem solv
ing and collaborative processes. The observed network–communication
structures support knowledge diffusion in response to extension field
staffs’ localised problems as well as individual learning. Additionally,
the prevailing communication patterns seem to adequately support in
formation dissemination for coordination, i.e. organising extension
related activities and even pest/disease monitoring.
Finally, it is relevant to note that while the platforms have a similar
network–communication structure, the Plantwise platform’s is rela
tively more centralised. However, such quantitative findings should not
be taken at face value. Important differences between the two platforms
are that the Plantwise platform has a lower intensity of interaction than
the DFAD platform, and that the DFAD platform is dominated by social
messages. It is therefore unclear how the levels of centralisation and
openness would compare if we only based the network analysis on the
professional-oriented messages. In more qualitative terms, one could
regard the Plantwise platform as more ‘open’ in the sense that it facili
tates inter-organisational linkages and accommodates actors with less
defined hierarchical relationships, while the DFAD platform only in
cludes intra-organisational linkages and could be more susceptible to
mirroring the existing formal communication structures and associated
hierarchies that may constrain interaction (Colfer and Baldwin, 2016).
Therefore, further research should analyse network-communication
structures and levels of centralisation therein for different categories
of messages. The ‘knowledge sharing for problem solving’ category is of
specific interest in this regard, as open communication to enable a va
riety of contributions is valued in this process.

These findings highlight the continued relevance of face-to-face inter
action for more complex knowledge processes and collaborative activ
ities (Krone et al., 2014; Aker et al., 2016). Furthermore, the findings
indicate that linking conventional communications methods with new
ICTs can support inter-organisational innovation and improve collective
performance (Materia et al., 2015; Hage and Noseleit, 2018).
In terms of future research, mapping and visualising the configura
tion of conventional communication methods and new ICTs used within
and between research and extension organisations (and at broader in
terfaces in the AKIS) can help to better understand their role and
complementarity in supporting interaction related to knowledge pro
cesses and problem solving.
5.2. Implications of the network-communication structure for knowledge
integration and problem solving
Although both platforms supported equal access to information,
interaction on the platforms is limited because relatively few actors
place content on the platforms. The limited interaction is reflected in the
network-communication structures of both platforms, demonstrating an
out-degree distribution that is not egalitarian and a low clustering co
efficient for most actors. Assuming that more complex knowledge and
problem solving processes, such as knowledge integration and joint
problem solving, require contributions from a variety of sources (Klerkx
and Proctor, 2013), we see that this network–communication structure,
alongside the selective actor composition on the platforms, closes op
portunities for the platforms to support these processes. In actual prac
tice the bulk of platform messages are sent by few actors, while the low
level of interconnectivity indicates that free information sharing and
discussion are constrained. Hence, we see again that the platforms do
not function as the open communication spaces that are described by
authors such as Abouzeedan and Hedner (2012) or Chesbrough et al.
(2006). Apparently, there exist constraints to free information sharing
which lead to a low inclination of actors (especially those with a lower
status) to contribute knowledge on the platforms, which is likely to
negatively affect the diversity and richness of perspectives shared. This
may be detrimental to the identification of integrated solutions to
problems posted on the platforms (Aarts and van Woerkum, 2005).
Similarly, the lack of discussion and interactive exchange among actors
constrains actors in building on each other’s perspectives in problem
resolution. In the absence of open discussion and interaction, actors who
post problems on the platform need to make sense of multiple individual
responses or solutions directed at them (Aarts and van Woerkum, 2002).

5.3. The influence of social roles, identities and interests on platforms’
interactional dynamics
Social roles were found to constrain the freedom of sharing infor
mation and discussion on both platforms. Besides affecting whether and
how participants respond to messages of others, we also see that social
identities and relations influence whether platforms actors engage in
posting problems or solutions and take part in discussions at all.
On both platforms, we see that the dynamics of interaction are
affected by social status in terms of who are considered to be more and
less knowledgeable in view of their job designations and scientific
qualifications. The survey questions on reasons for inactivity on the
platforms indicate that those who are considered less knowledgeable
(mainly extension field staff) are inclined to contribute less to problem
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solving, and more to posting problems, to give room to DAOs and spe
cialists on the DFAD and Plantwise platforms to perform this task
respectively. Despite this view of platform actors, this dynamic is only
clearly visible on the DFAD platform. Here we see a clear task division
between extension agents actively posting problems and managers,
subject matter specialists and superiors, actively responding to them.
These findings resonate with Halliday’s notion that social roles and their
associated authority define the conversational moves available to actors
in interaction (Halliday, 1994; Jones et al., 2006). On the Plantwise
platform, we see a different relational dynamic where solution provision
on the platform mostly involves peer–to-peer exchange among extension
staff. One could argue that the fact that extension agents engage in
conversational interaction moves (post messages) that are inconsistent
with their social role and expected behaviour contradicts with Halli
day’s (1994) perspective. However, there are indications that the peerto-peer exchange was enabled by the circumstance that there were only
few specialists on the platform, whom were moreover seen to be too
busy to provide solutions to problems. Arguably therefore, relations of
authority were not actively experienced through this de-facto absence of
specialist, which is still congruent with the idea that conversational
moves available are constrained or enabled by the prevailing relational
configuration (Halliday, 1994; Jones et al., 2006). In any case, the
findings show that the Plantwise platform presents a more conducive
environment for free knowledge sharing, possibly because it supports
inter-organisational linkages so that hierarchal relationships are less
defined than on the DFAD platform.
While the issue of social status and authority offers considerable
insight into the dynamics of interaction on the platforms, we can also
analyse them in terms of self-representational interests and interactional
strategies as proposed by Goffman (1959). Indeed, these issues appear to
be closely intertwined. On the DFAD platform, a significant number of
extension agents are deterred from providing solutions as they fear
providing the wrong answer in the presence of a superiors. And some
specialists on the Plantwise platform are deterred from posting problems
as they are of the view that their designation confines them to providing
solutions. Similarly, we have seen examples where specialists did not
respond in public to proposed solutions that they considered to be
flawed. These examples clearly reflect Goffman’s idea that actors in
interaction engage in identity building, impression management and
defensive strategies to achieve certain (tacit) objectives (Goffman, 1959;
Aarts and van Woerkum, 2005). In this case such goals relate to face
saving, image management, and the prevention or avoidance of tension
and conflict.
These findings regarding interaction patterns considerably nuance
the quantitative assessment of network–communication structures
which suggest that both platforms had a structure that was likely to limit
information sharing - with the Plantwise platform’s structure con
straining these activities to a greater extent than the DFAD platform’s
structure. Thus, the network-communication structure of a platform
only provides a partial and limited insight into the interaction dynamics
among socially differentiated platform actors. Based on this, our find
ings suggest it is relevant to analyse network-communication structures
for each category of messages identified on the platform and the asso
ciated actors involved in these substantive exchanges.

The reported network structure and related uses of the platforms have
implications for extension management. In line with Klerkx et al.’(2013)
perspective, the social media platforms that support informal
networking, and in this case centralised communication, enable new
interfaces between extension agents and other expertise to enhance
back-office processes. This highlights opportunities for extension orga
nisations (and research institutions) to actively leverage these technol
ogies to improve on the speed by which extension agents access
knowledge from specialists to solve problems in the field and expand on
their knowledge base: and also allow agents’ supervisors and re
searchers to identify extensions agents’ knowledge gaps. At the system
level, if additional actors (e.g., private extension organisations and other
value chain actors) are co-opted on platforms such as the DFAD plat
form, there are possibilities to create interfaces to enhance broader co
ordination and intermediation in problem solving. The creation of such
interfaces is especially important considering the pluralistic nature of
the current extension landscape that has been reportes to incite
competition and lack coordination (Klerkx and Proctor, 2013). More
over, these coordination networks could better support knowledge
sharing and problem solving in times of uncertainty, including problems
emerging due to climate change. This is because inter-organisational
networks (such as those facilitated by the Plantwise platform) are
more useful for dealing with new challenges as they connect network
actors to broader knowledge sources and new insights (Smedlund, 2008;
Cofré-bravo et al., 2019).
However, there are two concerns that extension organisations or
research institution need to confront to fully harness these opportunities
related to enhancing knowledge sharing and problem solving in exten
sion systems. These are 1) how to overcome social hierarchies that
hinder platform actors from contributing knowledge and solutions, and
2) how to support extension agents in navigating content accuracy, and
pass-on the most appropriate insights and solutions to farmers, when
they access multiple options from different platforms actors who do not
necessarily build on each other’s perspectives in problem solving.
6. Conclusion
The starting point of this study was that social media platforms
present opportunities to support and enhance knowledge and problem
solving processes in the back-office of extension organisations, in the
context of new agronomic challenges - potentially serving as open
communication spaces where extension agents, subject matter special
ists and applied researchers can freely share content and engage in
decentralised and egalitarian forms of interaction. We explored how
social media platforms were applied in an agricultural extension orga
nisation and by a research institution in the context of the emergence of
fall army worm in Ghana, and investigated the types of content
exchanged (the substantive dimension), the patterns of interaction that
emerged (the structural dimension) and how these are shaped by social
relations and interests (the relational dimension). In this conclusion, we
aim to draw some broader lessons that are likely to be relevant beyond
Ghana and the fall armyworm crisis.
Our study suggests that the three dimensions of communication and
interaction are indeed closely intertwined and mutually influence each
other. The type of content exchanged on the social media platforms was
clearly influenced by the different purposes ascribed to the platform by
the two organisations and by the (in)formal rules that were imposed on
platform actors. These organisational choices and rules resulting in
much greater attention for social-oriented exchanges on the more
informal, internal platform operated by DFAD staff. In contrast, the
CABI-Plantwise platform was deliberately steered towards professional
communication relating to pest and disease management across orga
nisations. Despite the differential organisational purposes and degrees of
formality, both platforms were valued by users for their contribution to
disease detection and dissemination of relevant information on disease
control. This indicates that various social media platforms may play

5.4. Implications of network structure and platforms uses for extension
management
The findings on the platforms’ network structure point to their
inappropriateness to directly support more complex knowledge pro
cesses and problem solving activities in the back-office of extension. The
findings also confirm earlier research indicating that centralised net
works are suited for knowledge diffusion and information dissemination
(Granovetter, 1973; Carolan, 2014b; Landström and Harirchi, 2018) and
routine problem solving activities that do not require new knowledge or
the recombination of different knowledge (Klerkx and Proctor, 2013).
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contributions.
It can further be noted that social media platforms do not operate in
isolation of other modes of communication. There are indications that
exchanges on the platforms served as input for face-to-face fora where
in-depth multi-stakeholder discussion takes place. Thus, there is
complementarity between (and also among) social media platforms and
other communication mechanisms. This demonstrates that actors do not
solely rely on social media platforms to respond to complex (new)
challenges, but combine online and offline, group-oriented and one-onone communication to access, reflect upon and integrate diverse
expertise.
Finally, the study indicates that the contribution of new ICTs to
strengthening exchange within and among extension and research or
ganisations can only be understood contextually, and with due attention
to the interplay between the nature of the challenge at hand, the sub
stantive processes required to address it, the relational and social factors
that influence interaction patterns, and the broader landscape of media
and communication mechanisms available. Thus, broad generalisations
regarding their potential contribution need to be avoided.

different but useful roles in dealing with newly emerging challenges in
the back-office of extension organisations. The DFAD platform displayed
bonding social capital and a focus on organisational coordination and
the dissemination of knowledge relevant to advisory routines of exten
sion officers. The CABI-Plantwise platform served as a bridge for
knowledge sharing and collaborative problem solving between
organisations.
Both platforms exhibited a network-communication structure that
was relatively centralised and non-egalitarian - especially regarding
actors sending messages to others over the platforms. The prevailing
network-communication structures of the platforms appeared to be
closely related to social hierarchies, roles and micro-political interests
and strategies at play during platform actors’ interaction. Although
there were differences between the platforms, it was clear that in
teractions were influenced by the prevailing notion that highly educated
actors were supposed to provide answers and solutions, while less
educated ones were supposed to pose questions and problems, and that
actors were hesitant to challenge such task divisions.
Overall, the above findings suggest that social media platforms may
play useful roles in the context of newly emerging agronomic challenges,
but do not function as open communication spaces. More specifically,
the goal that an organisation sets for a platform highly influences the
substantive exchange and interaction on a platform, though members
through these choices modify content flows in the extension network in
a meaningful way. For this reason, the DFAD platform was laden with
notifications and social messages, and showed fewer interactions in the
sphere of knowledge exchange. While, the goal for the Plantwise plat
form was to connect heterogeneous actors with different knowledge and
resources to stimulate inter-organisational pest and disease monitoring
and the sharing of experiential and science-based knowledge to solve
(new) pest and disease problems. However, social status and roles as
well as the risk ‘to lose face’ hampered free knowledge sharing of in
sights and led to a communication structure in which only few actors
actively share knowledge. Extensions organisations need to navigate
such obstacles to open communication to harness social medias’ po
tential in their back-offices. For example they could create parallel social
media spaces for peer-to-peer exchange among staff with a lower social
status and/or use a moderator as a conduit for anonymised
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Appendix A. Detailed coding scheme based on Halliday’s functional-semantic view of dialogue
Categories of messages

Initiating move

Responding move

Knowledge sharing for problem solving

Knowledge gap stipulation

Knowledge dissemination

Practical problem stipulation
Lecture

Pest/disease identification
Prescription provision
Response knowledge gap stipulation
Practical problem solution
Lecture acknowledgement
Lecture clarification
Lecture addition
Working solution interest
Working solution clarification
Technical information sharing acknowledgement
Innovation sharing interest
Pest/disease occurrence note
Pest/disease occurrence clarification
Pest/disease alert note
Pest/disease alert clarification
Directive acknowlegdement
Activity annoucement acknowlegdement
Practical annoucement acknowlegdement
Field activity report acknowlegdement
Ag news comment
Social message response

Working solution sharing

Pest/disease monitoring

Technical information sharing
Innovation sharing
Pest/disease occurrence
Pest/disease alert

Notifications

Social

Directive
Activity announcement
Practical announcement
Activity report
Agricultural news/update
Jokes
Inspirational quote
Crime alert
Job advertisement
Non-agricultural new
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Appendix B. What are the reasons for actors’ inactivity over the MOFA-DFAD WhatsApp platform?
Reasons for actors’ inactivity

Strongly
agree

Agree

(Strongly)
Agree %

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree %

Low confidence in knowledge level
Respectfully give space to more knowledgeable actors to
respond
Fear of suggesting wrong solution in superiors’ presence
Fear solution provided will be shot down by specialists
Feel knowledgeable actors dominate discussion making
it difficult to engage

2
4

8
11

43.48
65.22

8
5

34.78
21.74

4
3

1
0

21.74
13.04

3
3
3

11
8
10

60.87
47.83
56.52

4
5
3

17.39
21.74
13.04

3
5
6

2
2
1

21.74
30.43
30.43

Appendix C. What are the reasons for actors’ inactivity over the CABI-Plantwise Telegram platform?
Reasons for actors’ inactivity

Strongly
agree

Agree

(Strongly)
Agree %

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree %

Low confidence in knowledge level
Respectfully give space to more knowledgeable actors to
respond
Fear suggesting wrong solution in superiors’ presence
Fear solution provided will be shot down by specialists
Feel knowledgeable actors dominate discussion making
it difficult to engage

6
4

13
29

34.55
60.00

11
16

20.00
29.09

20
6

5
0

45.45
10.91

10
5
5

19
20
19

52.73
45.45
43.64

14
12
15

25.45
21.82
27.27

10
15
15

2
3
1

21.82
32.73
29.09
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