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Abstract
Classical extension focuses on linear transfer of technology. Globally, and in
Ghana particularly, we have seen attempts to address the linearity of classical
extension with the shift to broader extension service delivery approaches. From
an innovation systems perspective innovation intermediation is suggested for
extension organisations to function more effectively and respond to wider
agricultural system constraints. This involves three broad facilitation roles which
are demand articulation, matching demand and supply, and innovation process
management. Both public and private extension service providers in Ghana are
transitioning towards broader extension approaches, but these efforts are
hampered by human and financial resource constraints. At the same time there is
emphasis on exploring new Information and Communication Technologies’ (ICTs)
potential to improve and upscale extension service delivery. However, there is
limited knowledge on new ICTs’ potential and contribution to facilitating
innovation intermediation. Taking in account that new ICTs can enable new ways
of connecting people and sharing information, the thesis investigates the
opportunities and role of new ICTs in supporting innovation intermediation in the
Ghanaian extension system using a socio-technical perspective and a mixed
methods research approach. The study finds that of the types of technologies
functioning in the Ghanaian agricultural system there are opportunities for
Interactive Voice Response (IVR) outbound, Data Management (DaM) and social
media messaging technology to support innovation intermediation. Through
interviews with extension organisation staff and observing field agents, the study
finds DaM technologies can facilitate location-based farmer database
development and support farmers’ (tacit) needs identification as well as
intervention planning and advice tailoring. Beyond these organisations, an
experts’ consensus building survey and interviews with farmers show that private
sector led IVR interventions can provide farmers with immediate access to
information (advice, weather, prices, pest threats). Further, by observing and
interviewing actors on more informal social media messaging platforms it was
x

established that these platforms can support the coordination of extension
activities, timely pest and disease monitoring and knowledge sharing among
extension staff and subject matter specialists to enable individual-centred
learning and problem solving. Despite this potential, the study also shows that
new ICTs’ inherent technical features do not determine their application, but
social factors (human abilities and preferences, identity management, sociopolitical influences and the wider institutional environment) shape their use.
Therefore, the potential of DaM and IVR outbound technologies are not realised,
and the technologies identified have the potential to or contribute to innovation
intermediation activities as they complement human intermediaries (public
extension agents) and conventional communication mechanisms (face-to-face
settings and radio). The implications of these findings for extension practice and
policy are that contextual considerations are made, and participatory
technological design engaged to foster technological access and realise new ICTs’
potentials. Another recommendation is that combinations of new and classical
media, face-to-face settings and human intermediaries are explored such that
new ICTs are integrated into the existing communication landscape of extension
systems based on where they add value - as this is where huge opportunities for
facilitating innovation intermediation lie.
Keywords: Information and Communication Technology (ICT), social media,
mobile technology, innovation intermediation, information seeking behaviour,
agricultural extension, knowledge processes, Agricultural Knowledge and
Innovation Systems (AKIS), network analysis, fall armyworm, Ghana.
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1. Introduction
Despite agriculture’s potential to contribute to the growth of the Ghanaian economy
(Aker, 2011; Barimah, Doso and Twumasi-ankrah, 2014) agricultural production remains
less than optimal (McIntrye et al., 2009; Sova et al., 2014). For the major food crop,
maize, the potential yield is estimated at 5.0 tonnes/ha, while production has not
exceeded 2.0 t/ha between 2008-2014 (World Bank, 2017). Factors explaining these
production levels include not only rainfall variability and environmental degradation, but
also a range of socio-political and institutional conditions (McIntrye et al., 2009; Pretty,
Toulmin and Williams, 2011), including limitations in agricultural extension service
delivery mechanisms (Leeuwis, 2004; Davis, 2008; Swanson and Rajalahti, 2010; DAES,
2011). The current understanding of agricultural extension transcends technology
transfer from scientists to farmers (Leeuwis, 2004; Davis, 2008). Recent perspectives
presume that extension involves coordinating the set of organisations 1 that support
value chain actors2 in emergent problem solving, facilitating business linkages between
these actors and facilitating their access to localised information (technology) and skills,
(Christoplos, 2010; Davis, 2008). In addition, these perspectives of extension involve
facilitating the integration of scientific and other knowledge to produce appropriate
technologies for value chain actors (Leeuwis, 2010). The drawbacks of national extension
systems to adapt to such approaches, and effectively serve a range of actors whose
needs that relate to their constantly changing environments are broader than
knowledge and also interwoven, have hampered production (Leeuwis, 2004).
Besides the shift in extension perspectives, Africa is experiencing an Information and
Communication Technologies (ICT) revolution3 (World Bank, 2011). New ICTs4 are a
1

Research institutions, educational institutions, non-governmental organisations, development organisations,
other government institutions, credit providers, weather service providers, transporters, private extension service
providers.
2
Farmers, input suppliers, processors, exporters, traders, retailers, wholesalers, packaging and other
manufacturers.
3
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
sometimes also made to the networked digital age (Van der Haak, Parks and Castells, 2012).
4
. 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 supplementary service data, short message services, interactive voice response (mobile technologies
5
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feature of this revolution. These ICTs that precede analogue broadcasting and printed
media, non-interactive and non-digital media (Lister et al., 2003), enable the exchange
of textual, audio, video and pictorial information between two or more actors (Qiang et
al., 2012; Barber, Mangnus and Bitzer, 2016). These technologies include social media5
(e.g., Facebook, WhatsApp), Short Message Service (SMS), Unstructured Supplementary
Service Data (USSD), Interactive Voice Response (IVR), and data collection and storage
technologies (e.g., Open data kit). Based on their capacity to enable new ways of sharing
information and connecting people (World Bank, 2011; Bennett and Segerberg, 2012;
Klerkx and Gildemacher, 2012; Qiang et al., 2012; Bell, 2015), these technologies present
opportunities to improve communication-related service delivery. Given these
opportunities, new ICTs feature on the international development agenda including the
Sustainable Development Goals (United Nations, 2020), and on the research agenda in
the ICT-for-development (ICT4D) field and scientific domain of development informatics
(Walsham, 2017; Heeks, 2018; Sein et al., 2019). Globally and in Ghana, (new) ICTs are
considered one of the driving forces of agricultural reform (Swanson and Rajalahti, 2010;
McNamara et al., 2012). While with ICT-for-agriculture (ICT4Ag) they represent an
opportunity to address the limitations of classical extension approaches (Chapman and
Slaymaker, 2002; Swanson and Rajalahti, 2010).
This thesis investigates the contribution of new ICTs to supporting broader extension
service delivery - namely innovation intermediation - in Ghana’s maize farming system.
Innovation intermediation as an Agricultural Innovation Systems (AIS) approach to
extension involves three broad facilitation roles, which are demand articulation,
matching demand and supply, and innovation process management. The study takes a
socio-technical perspective to understand new ICTs’ capabilities to support innovation
intermediation, considering technology has contingent effects in any social context
(Toyama, 2011; Heeks, 2018). In the next sections the study’s significance is highlighted
also considered relatively new (Gershon et al., 2013)) that are not classical media nor necessarily digital oriented
either.
5
“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,” (Osch and Coursaris, 2013:700).
6
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and the resulting research objective is stated. Then the study’s conceptual underpinning
and main as well as sub-research questions are outlined, followed by a brief description
of the focus of each sub-question. The final section of this chapter outlines the study’s
overall methodological approach.
Ghana’s shift in extension approaches
Classical extension, largely associated with the dominant public extension system, has
been criticised for having a narrow technology transfer focus that is limited in responding
to wider constraints in agricultural systems6 (Davis, 2008; DAES, 2011; Leeuwis and
Aarts, 2011). It is characterised by inefficiencies in coordinating agricultural stakeholders
in problem solving and facilitating value chain linkages (Kilelu et al., 2011; Klerkx and
Gildemacher, 2012). Further, classical extension falls short in integrating scientific and
other knowledge to produce appropriate technologies as well as localise agronomic
advice for farmers (Leeuwis, 2010; Lambrecht et al., 2015; Karpouzoglou et al., 2016).
This extension approach is not suited to the complexity of the current agricultural
landscape. A landscape characterised by multiple interdependent actors (value chain
actors and their service providers) that need to interact to operate as they
simultaneously adapt to changes in their socio-economic contexts, and need to respond
to climate change related constraints (e.g., new pests or rainfall variability) that have
disoriented traditional farming systems (Klerkx and Leeuwis, 2009; McIntrye et al.,
2009). Further, this landscape is characterised by these emergent, locality specific
biophysical and socio-economic constraints that require updated knowledge, location
specific strategies and immediate action to mitigate (Klerkx and Leeuwis, 2009; McIntrye
et al., 2009). Fall armyworms’ emergence in Ghana’s maize farming systems, in the
2016/2017 farming season, is an example of such constraints (Day et al., 2017).
The Ghanaian Ministry of Food and Agriculture’s (MOFA) - Directorate of Agricultural
and Extension Services (DAES) has attempted to address the problems of classical
6

The agricultural system is agricultures’ operational unit comprising all actors and organisations at different levels,
from local to national level, involved in producing, processing and commercialising agricultural commodities,
alongside bio-physical, cultural and economic, and other non-human elements of agriculture (Geng, Hess and
Auburn, 1990).
7
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extension. This has involved a shift to extension approaches that transcend technology
transfer and include facilitation roles for extension staff (Anderson, 2008; Davis, 2008;
DAES, 2011). Starting from the 1970s the extension ideology has moved from top-down,
one-size-fits-all approaches (training and visitation approach) to include participatory
and bottom-up approaches (farmer field schools) in the 1990s (Davis, 2008; DAES, 2011).
More recently, Ghanaian extension is transitioning to an integrated pluralistic system
(Davis, 2008; DAES, 2011; Sova et al., 2014; Sigman, 2015). The current approach
encompasses stronger research-extension linkages and a broader range of service
provision and providers, including the private sector, to meet farmers’ and other value
chain actors’ demand for extension services (DAES, 2011).
Ghana’s present extension approach is based on the AIS perspective. To foster
innovation7, the AIS perspective focuses on influencing the relationships of multiple
actors and the conditions that affect their collective operations (Figure 1)(Leeuwis, 2004;
Klerkx and Leeuwis, 2008; Swanson and Rajalahti, 2010). The broad categories of actors
comprise knowledge and technology providers (research, extension and education
institutions) and users (value chain actors), and organisations that facilitate interaction
and strengthen linkages between these actors (bridging organisations). For the AIS
perspective, the focus on these actors’ relationships is necessary as innovation occurs
when interaction among these diverse agricultural stakeholders is increased (open),
resulting in improved knowledge exchange and access to appropriate knowledge and
technologies (Swanson and Rajalahti, 2010; Koutsouris, 2012). For this perspective, the
actors also need to network to form partnerships, access business development
opportunities, and engage in coordinated, collective action to respond to system
changes (Koutsouris, 2011; World Bank, 2012). Ghana’s integrated pluralistic system
focuses on enhancing interaction and linkages in the extension system, a segment of the
AIS. More specifically, it focuses on actors in the immediate network of public extension
7

“Innovation can be defined as a new way of doing something, ranging from changes in the way we think, to the
way we produce new products or use new processes or procedures. It also includes institutional innovations that
change the way an organization carries out new or different functions, for example, shifting toward a bottom-up
rather than a top-down extension system; or moving toward a more market-driven rather than a technology-driven
extension system,” (Swanson and Rajalahti, 2010: 181).
8
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organisations comprising researchers, Non-Governmental Organisations (NGOs), private
extension organisations and value chain actors.

Source: World Bank, 2012
Figure 1. Agricultural innovation system

New ICTs and the Agricultural Innovation Systems’ perspective of extension
Despite the national agricultural policy direction to transition to an AIS-based extension
approach, facilitating this remains a challenge for both public and private extension
organisations due to human and financial resource constraints (McIntrye et al., 2009;
Bell, 2015). At the same time the emergence of new ICTs in Africa and the emphasis on
exploring these technologies to improve extension service delivery and respond to wider
constraints in agricultural systems has intensified (Qiang et al., 2012; Barber, Mangnus
and Bitzer, 2016). Studies show that new ICTs can enhance information exchange and
interaction in extension service delivery based on their capabilities to enable
decentralised information sharing and collection that is timely and location-specific as
well as facilitate two-way, open and networked communication in virtual communities
(Chapman and Slaymaker, 2002; Davis, 2008; Swanson and Rajalahti, 2010; Aker, 2011;
9
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Amadu and McNamara, 2014; Mccole et al., 2014; Wright et al., 2016). However, little is
known of new ICTs’ capacity to support AIS-based extension approaches.
New ICTs as innovation intermediaries
Klerkx and Gildemacher (2012) have made a start at connecting new ICTs to AIS-based
extension service delivery. They develop a typology of innovation intermediaries in the
Dutch agricultural sector – innovation intermediaries being organisations, persons or
entities that facilitate interaction and linkages among AIS actors to foster innovation
(Klerkx and Gildemacher, 2012). Klerkx and Gildemacher (2012) identify seven types of
intermediaries: internet-based portals and platforms; consultants targeting individual
farmers and Small and Medium Enterprises (SMEs) in the agri-food sector; consultants
targeting farmer collectives and agri-food SMEs; peer network brokers; education
brokers; systemic intermediaries; and research councils (Klerkx and Gildemacher, 2012)
- putting forward that these types of intermediaries often exist in combinations, for
instance ICT and organisation configurations (Materia, Giarè and Klerkx, 2015;
Randhawa, Wilden and Gudergan, 2018). In addition to these seven types of
intermediaries extension organisations, NGOs, farmer-based organisations, research
institutions are also known to assume intermediary roles (Kilelu et al., 2011). While, in
many developing countries, it is argued that extension organisations are best suited to
function and easily assimilated as innovation intermediaries (Kilelu et al., 2011).
Despite new ICTs identification as a type of intermediary, more studies on innovation
intermediaries explore the functioning and influence of other types of intermediaries in
innovation systems (Winch et al., 2007; Kilelu et al., 2011; Kivimaa et al., 2019).
Nonetheless, some studies indicate that new ICTs have the potential to function as
intermediaries by passive matching of demand and supply and as information sources
(Klerkx and Gildemacher, 2012; Randhawa, Wilden and Gudergan, 2018). Overall existing
studies on innovation intermediaries, including Klerkx and Gildermacher’s (2012) study
and a European study that assesses the capacity of new ICTs to support agricultural
innovation processes (Hansen et al., 2014), lack insights on the role of specific new ICTs
functioning in Africa to support innovation intermediation on the continent.
10
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Despite the limitations of the studies identified in the previous section, it is also
important to point out that existing literature on new ICTs and innovation
intermediation in Africa is fragmented. The literature lacks insight into the relationship
of different types of new ICTs and innovation intermediation as a whole (Gakuru,
Winters and Stepman, 2009; Misaki, Gaiani and Tedre, 2018). It [the literature] focuses
on evaluating specific new ICT applications or platforms that provide market, technical
and weather information to farmers (Aker, Ghosh and Burrell, 2016) or rather the
literature focuses on research related to the demand and supply side matching role of
innovation intermediation. Even so, a recent review on the challenges of smallholder
farmers in accessing information via mobile phones in Africa, by Misaki et al (2018), only
identified seven such new ICT platforms.
New ICTs, knowledge sharing and other forms of collaboration
In a similar vein, a number of articles connect new ICTs to another aspect of innovation
intermediation, knowledge sharing. A recent systematic review identifies substantial
literature on the use of social media in knowledge sharing in different geographies and
fields (Ahmed et al., 2019). The review provides evidence of social medias’ positive
influence on open knowledge exchange among academic researchers and in disaster
management as a real-time communication and monitoring tool. Although this
emergent research area presents considerable research opportunities (Phillips, Klerkx
and Mcentee, 2018; Ahmed et al., 2019), there is an emphasis on Facebook use and less
attention is paid to agricultural or African contexts. The review highlights research
opportunities on the topic ‘organisation social media’8, which has received little
attention to date, despite the potential and growing use of social media for professional
activities (Van Osch and Coursaris, 2013). These opportunities relate to understanding
how organisations use social media to meet their goals and how social media platforms
have an impact on broader forms of collaboration than knowledge sharing. These other
forms of collaboration and professional organisational uses include marketing, lobbying,
8

Social medias’ effects on communication and collaboration processes in organisations (Van Osch and Coursaris,
2013).
11
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relationship building, learning, knowledge co-production and innovation (Van Osch and
Coursaris, 2013; Hansen et al., 2014; Kane et al., 2014a; Ahmed et al., 2019).
Additionally, a selection of the studies on knowledge sharing contribute to a better
understanding of why the combination of ICT and non-ICT intermediaries exist. Materia
et al. (Materia, Giarè and Klerkx, 2015) show that new ICTs play a complementary role
of providing input for or supporting face-to-face interaction to facilitate knowledge
sharing and learning between agricultural advisors and researchers (Perez-Perdomo,
Klerkx and Leeuwis, 2010; Sulaiman et al., 2012). This is because face-to-face interaction
is better suited for complex knowledge exchange processes (e.g., knowledge integration
or co-creation) as it allows for in-depth interaction (Krone, Schumacher and Dannenberg,
2014; Aker, Ghosh and Burrell, 2016). Sulaiman et al. (2012) further suggest (as Materia
et al. (2015) imply) that the combination of conventional communication mediums and
new media that could enhance knowledge sharing in agricultural (innovation) systems
include user-driven media, such as Facebook that are emerging as powerful tools of
information sharing (and collective action (Bennett and Segerberg, 2012)). Sulaiman et
al. (2012) suggest user-driven ICT tools to enhance knowledge sharing, as opposed to
organisation driven (expert or top-down) tools, based on their findings that most
organisations in South Asian agricultural systems are largely engaged in a technology
transfer extension approach and their use of ICTs reinforces this approach rather than
broader stakeholder engagement. In other words, and according to amplification theory,
‘technology cannot substitute for missing institutional capacity and human intent’
(Toyama, 2011: 75).
Studies on new ICTs and collaboration suggest that these technologies, in combination
with conventional communication methods have the potential to facilitate certain
aspects of innovation intermediation, particularly when new ICTs are user-driven, like
social media. The new ICTs can contribute to knowledge sharing and learning among
researchers, and between researchers and extension staff, and information
dissemination and monitoring in disaster management (Van Osch and Coursaris, 2013;
Ahmed et al., 2019). However, the studies lack insights into which type of new ICTs may
12
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be promising and appropriate for improving knowledge sharing and broader forms of
collaboration (relating to innovation intermediation) in Africa.
Research objective
Based on the knowledge gaps outlined above, the overall study objective is to identify
the opportunities for new ICTs to resolve information and interaction related problems
in the Ghanaian agricultural system, and identify and assess the specific roles that new
ICTs can play in supporting innovation intermediation.
2. Conceptual Framework
The concept of extension has evolved since the 1970s from the conventional function of
providing knowledge to fulfilling a variety of new facilitation roles (Davis, 2008). From an
innovation systems perspective, - a perspective that “recognises that innovation is more
than simply the adoption of new technologies [but] it involves the co-evolution of
technologies, societies, economies and institutions” (Fielke, Taylor and Jakku, 2020: 3),
Klerkx et al. (2009) suggests innovation intermediation is needed for extension service
providers to function more systemically and respond to wider constraints in agricultural
systems. Innovation intermediation involves three intermediary roles for these
organisations (Table 1).

13

1

Chapter 1
Table 1. Innovation intermediaries’ roles and associated limitations of classical extension
Role
Demand
articulation
Matching
demand and
supply

Innovation
process
management

Components | Activities
Locality-specific stakeholders needs
identification
Systemic problem diagnosis
Participatory problem assessment
Tailored knowledge provision
Weather services linkage
Transport and tractor services linkage
Credit options and linkage
Input prices and linkage
Market prices and linkage
Coordination and joint problem solving
Maintaining and strengthening
relationships
Facilitating learning, knowledge
integration and co-creation

Limitations
Limited multi-actor engagement in
demand articulation
Limited context specific, socio-economic
and biophysical data to tailor advice
Value chain actors’ limited access to
business linkage information and
facilitation
Limited multi-actor engagement and
coordination in problem solving
Limited partnership development and
business development for agricultural
stakeholders
Limited synthesis of scientific and other
knowledge to embed appropriate
technologies in agriculture

Source: author with insights from Klerkx et al., 2009

First, demand articulation involves the engagement of sector stakeholders in needs
identification, participatory problem assessment and making interdependencies explicit
(Klerkx and Gildemacher, 2012). Second, matching demand and supply involves
establishing sector contacts and developing mutually beneficial relationships (Howells,
2006). Third, innovation process management comprises the creation of a discussion and
negotiation space for actors to jointly mitigate constraints, maintain relationships and
engage in knowledge sharing for continuous innovation (Leeuwis, 2010; Vitos et al.,
2013).
In sub-Saharan Africa, including Ghana, extension organisations’ adaptation to
innovation intermediation are hampered by human and financial resource constraints
(McIntrye et al., 2009; Swanson and Rajalahti, 2010). Currently, new ICTs are being
explored to respond to these challenges as there are indications that new ICTs can act
as bridging mechanisms and upscale extension service delivery (Qiang et al., 2012; Bell,
2015; Barber, Mangnus and Bitzer, 2016). As bridging mechanisms, new ICTs can act as
virtual intermediaries facilitating interaction and business linkages between agricultural
stakeholders (Kilelu et al., 2011; Klerkx and Gildemacher, 2012). They can act as bridging
mechanisms based on possessing intermediation capabilities that range from linear to
networked

communication:

disseminating,
14

retrieving,,

harvesting,

matching,
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networking, coordinating and co-creating (adapted from Hansen et al. (2014) with
insight from Leeuwis (2004) and Howells (2006)). Given these capabilities are
communication and networking functions relevant to facilitating innovation
intermediation, new ICTs present opportunities to support this extension approach.
In relation to the intermediation role of demand articulation, new ICTs can facilitate
engagement, discussion and networking between demand and supply-side stakeholders
in different locations through virtual platforms to share information that clarifies their
needs and constraints (Klerkx and Gildemacher, 2012; Hansen et al., 2014). Whereas
forms of decentralised data sharing, including crowdsourcing, afford opportunities for
the collection of locality specific information (e.g., soil data, pest infestation) for tailoring
agronomic advice and also for use in strengthening value chain linkages by improving
access to information on markets, weather, agronomic advice and financial services
(Qiang et al., 2012; Barber, Mangnus and Bitzer, 2016). Both opportunities mentioned
being areas in which new ICTs could support the matching demand and supply role of
innovation intermediation.
For the innovation process management role, new ICTs can potentially enhance
information sharing and interaction for knowledge sharing and joint problem solving.
They may foster online networks that can support open communication spaces,
alongside formal organisational communication structures. These spaces may function
as multi-actor discursive spaces that support intra- and inter-organisational linkages
through free information sharing and equal access to information to enhance knowledge
dissemination, integration and joint problem solving (Bennett, 1996; Sexton and Lu,
2009; Abouzeedan and Hedner, 2012). The term open communication space is derived
from the open innovation concept. Open innovation is a firm’s process of re-combining
knowledge or co-creating it with a variety of external stakeholders to accelerate interorganisational innovation, and expand external use of innovation (Chesbrough, Van
Haverbeke and West, 2006). Further, new ICTs offer opportunities for developing “early
warning systems” that support the detection of emerging issues, such as drought or pest
occurrences in the field, allowing extension service providers or value chain actors to
15
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respond promptly (Mccole et al., 2014). These early warning systems are based on data
crowdsourcing that is closely linked to the concept of citizen science, namely the
involvement of ordinary people in data collection and or analysis within scientific
projects (Van Vliet, Bron and Mulder, 2014). Additionally, new ICTs’ opportunities for the
innovation process management role lay in re-organising extension service delivery
towards connective action. Connective action refers to informal, inclusive selforganisation often facilitated by social media (e.g., Facebook) and driven by personal
motivations to engage with others (network) to put forward agendas, share view points
and coordinate in pursuit of collective goals (e.g., the ‘Arab Spring’)(Bennett and
Segerberg, 2012; Cieslik et al., 2018).
In spite of the inherent capabilities and expectations of new ICTs to resolve problems in
agricultural systems, it is important to avoid technological determinism because
technology and society mutually shape each other (Williams and Edge, 1996;
Boczkowski, 1999; Sein et al., 2019). New ICTs are socially embedded such that social 9
influences shape their use and at the same time ICTs shape society. This interplay comes
with the high probability of partial technology adoption and impact, and in certain cases
comes with unanticipated negative impacts (Stilgoe, Owen and Macnaghten, 2013).
Therefore, avoiding social or technological determinism this study takes a sociotechnical (contingent) perspective when studying technology in context. Whilst also
taking into account that technology can have positive and negative effects or impacts
(see Figure 2 – the blue dot marks this thesis’ underlying perspective to understand and
explain new ICTs relationship to innovation intermediation).

9

Social - influences: personal factors such as human abilities, preferences and motivations (Marchewka and
Kostiwa, 2007; Toyama, 2011), socio-political influences (e.g., actors with interests in maintaining the status quo,
power dynamics in information exchange or sharing) and the wider institutional environment (policies, incentive
systems, funding arrangements, prevailing communication cultures, etc.) (Ipe, 2003; Leeuwis, 2013; Cieslik et al.,
2018).
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Source: Heeks, 2018
Figure 2. Worldviews on ICT4D impacts and causes

Further, given that new ICTs are socially embedded, it is important to understand
farmers’ predispositions to accessing agricultural information and services. This serves
the purpose of scrutinising the assumptions of new ICT and AIS-based extension
approaches to establish how farmers, as key actors in extension, plug into these
approaches.
Research questions and description of empirical chapters
The overarching research question that links into the broader research objective
emerges from the conceptual framework: what roles do new ICTs play in supporting
innovation intermediation in the Ghanaian extension system? The sub-questions of this
question that correspond with the thesis’ empirical chapters are discussed further
below.
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1) What are experts’ views on the intermediation capabilities of new ICTs in
Ghana’s agricultural system?
2) What are new ICTs’ roles in supporting innovation intermediation in public and
private extension organisations?
3) What is the contribution of social media messaging platforms to enhancing
interaction for collaboration at the interface of research and extension?
4) What are farmers’ information source choices in accessing information for
managing new pests (fall armyworm), and the role of mobile technology in this
process?
The first question focuses on the assumed capabilities of new ICTs (Figure 3) and
corresponds to Chapter two. The chapter identifies specific communication and
networking functions (intermediation capabilities) that new ICTs functioning in the
Ghanaian agricultural system can support, taking into account that few studies discuss
the inherent capabilities (what technology is capable of doing) of such technologies (Van
Osch and Coursaris, 2013). The chapter further gives indications of the opportunities for
particular new ICTs to connect farmers and other agricultural stakeholders in innovation
intermediation processes.
Chapter three, based on the second research question, considers the extensiontechnology interface in Ghana. The chapter delves into a public and private extension
organisation to investigate their use of new ICTs to support innovation intermediation
(Figure 3). The study connects two topical research areas, namely new ICTs’ inherent
capabilities and innovation intermediation in Africa.
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Figure 3. Description of empirical chapters

The fourth chapter relates to the research - technology - extension interface (Figure 3),
and research question three. It focuses on social media’s contribution to facilitating open
information sharing and interaction between researchers and extension staff in
innovation process management during the emergence of fall armyworm (a new pest).
The study contributes to the emerging research area that relates social media (other
than Facebook) to knowledge sharing (Phillips, Klerkx and Mcentee, 2018; Ahmed et al.,
2019) and other forms of collaboration in Africa (Van Osch and Coursaris, 2013).
Finally, chapter five is connected to the last research question, and reflects on the farmer
- technology interface (Figure 3). The chapter provides understanding of farmers’
predispositions to accessing knowledge and information for problem solving (fall
armyworm management), with a specific interest in the application of mobile technology
in this process. The relevance of this focus is to show how these technologies are made
useful by farmers, the primary targets of extension (Martin and Hall, 2011), to engage in
innovation intermediation processes.
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Overall the studies as a collective are relevant to extension service providers as they
point to possible areas in which new ICTs could broaden extension service delivery. They
provide a deeper understanding of new ICTs’ capacity to facilitate these augmentations
and the social influences that hamper or enable them. This is essential to consider in the
development of agricultural interventions with higher potential for success in the
changing landscape of agricultural production (Crane, 2010; Hansen et al., 2014).
3. Methodological Design
The methodological design is guided by an interpretivist perspective that places “human
meaning-making at the centre of the research endeavour” and understanding
phenomenon from the perspective of the respondent(s) (Schwartz-shea, 2014: 1); and
to achieve rich, contextualised understanding of phenomenon (Polit and Tatano, 2010).
The methodological approach was suitable for the research based on the choice of
theory. A socio-technical perspective was used to understand how respondents (experts,
extension staff, organisations and farmers) found and made new ICTs useful to achieve
organisational or individual goals related to extension activities (innovation
intermediation), and establish the social factors in their contexts enabling and limiting
the exploitation of these technologies’ inherent capabilities for such purposes.
To achieve this objective qualitative data collection methods were a major feature of the
study. However, while interpretive approaches often seek to understand a particular
subject through qualitative data collection methods (e.g., in-depth interviews,
participant observation), this study takes a pragmatic approach to data collection and its
associated analysis. The study largely relies on qualitative data, but applies other
quantitative methods where appropriate to answer the research question effectively
and comprehensively. This mixed method approach served two purposes: 1) to explain
the findings of quantitative data using qualitative data (question 1) and vice versa
(question 3); 2) to elucidate more information and collect comprehensive data that one
method could not provide (questions 1 and 3) (Creswell and Plano Clark, 2011). Data
collection and analysis methods used to answer each research question are described in
Table 2, and further details are provided in the empirical chapters.
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Table 2. Summary of data collection and analysis methods
Question
1

2

3

Data collection
Experts’ honey comb evaluation
Experts’ survey

Data analysis
Aggregation and averaging individual
evaluations
Descriptive statistical analysis

Experts’ focus group discussion

Thematic analysis

Characterisation of new ICT platforms
interface functions
In-depth interviews with extension
organisation staff
Observation (extension) agents in the field

Content and functionality analysis

Observation interaction social media
platform actors

Thematic content analysis

Thematic content analysis
Thematic analysis

Social network analysis

4

Social media platforms actors’ survey

Descriptive statistical analysis

Semi-structured interviews with farmers

Descriptive statistical analysis
Thematic content analysis

Question 1: What are experts’ views on the intermediation capabilities of new ICTs in
Ghana’s agricultural system?
To answer the first question, a scoping exercise and expert consensus building exercise
were conducted. For the scoping exercise, ICT4Ag literature on Ghana was reviewed and
organisations in the Ghanaian ICT4Ag community discovered in the literature were
engaged to develop an inventory of new ICT ag-platforms functioning in Ghana (Gakuru,
Winters and Stepman, 2009; Qiang et al., 2012; World Bank, 2014; Aker, Ghosh and
Burrell, 2016). The inventory (see Appendix 1: 57) was then examined to categorise the
types of new ICTs the platforms comprised (e.g., SMS push, social media, IVR outbound).
Using the categories, a Delphi-inspired consensus building study was conducted with
varied experts (scientists, researchers and practitioners). A Delphi study is a “group
facilitation technique, which is an iterative multistage process, designed to transform
opinion into group consensus” (Hasson, Keeney, and McKenna 2000: 1) . This experts’
consensus building study involved two rounds and a focus group discussion with
purposively sampled experts of varying configurations. The first round was a five-point
Likert scale assessment by each member of the research team of communication and
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innovation scientists on the intermediation capabilities of the types (categories) of new
ICTs identified. The individual results of the evaluation were aggregated and averaged,
and then used to develop propositions on the extent to which specific new ICTs could
support communication and networking functions relevant to innovation intermediation
processes. The second round was a survey based on the same propositions that was
conducted via Google Forms. The survey targeted a broader external panel of experts
that ascertained consensus and dissensus over the propositions. The experts were
identified from a list of invitees for an ICT4D workshop organised by a research
programme the research team was affiliated to (list available upon request). Further,
researchers and practitioners outside the workshop were also identified as potential
respondents. They were selected from journal publications based on the search function
‘(mobile technology or ICT) AND (extension or agriculture) AND (Ghana)’ (research
results available upon request).
Descriptive statistical analysis was applied to data from this round (round 2). While the
focus group discussion involved a small external expert panel, one of the working groups
of the workshop mentioned, to establish the factors behind propositions associated with
consensus and dissensus. Thematic analysis was used to identify these factors that
emerged from the focus group discussions.
Question 2: What are new ICTs’ roles in supporting innovation intermediation in public
and private extension organisations?
For question two, a comparative case study analysis of two new ICT platforms was
conducted. The platforms were selected from the new ICT platform inventory
mentioned above based on being embedded in a public and a private extension
organisation broadening extension service delivery. The private extension organisation
was specifically working in the maize farming system and both platforms were
functioning in the Techiman area (Brong-Ahafo Region), and therefore this farming
system and area were included as part of the context for this research and the entire
study.
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Data collection involved characterising the content and functionality of the platforms.
Additionally, in-depth interviews were conducted with purposively sampled key
informants (e.g., top and middle managers, specialised officers, platform developers)
from both organisations to determine the innovation intermediation roles they are
engaged in and the (ICT-based) mechanisms for facilitating these roles. In-depth
interviews and field observation were also conducted with randomly sampled
(extension) agents attached to both organisations to determine the actual
intermediation roles they engaged in and their platform (user) experiences. Data from
the interviews and field notes from observations were analysed using content and
thematic analysis.
Question 3: What is the contribution of social media messaging platforms to enhancing
interaction for collaboration at the interface of research and extension?
Data collection related to question three focused on two social media platforms. One
platform was a WhatsApp10 group initiated by a public extension organisation,
functioning at the district level, for staff members. The other platform (a Telegram 11
group) was associated to a research institution that linked the district extension
organisation to a broader external network of extension agents in other districts and
subject matter specialists. The platforms were selected based on being bottom-up
initiatives, hence promising for free information exchange. They were also selected
based on their capacity to facilitate multi-actor engagement and networked
communication - conditions that are useful for supporting open interaction for complex
innovation process management activities. These processes including, knowledge
integration and joint problem solving that were relevant in the response to fall
armyworm, a new pest that emerged in Ghana around 2016 and caused devastation to
maize crops.

10

WhatsApp Messenger is an instant messaging (mobile and desktop) application that enables the of exchange
text, images, video and audio messages between individuals and in actors in groups. See
https://www.whatsapp.com/?lang=en for more information.
11
Telegram is also an instant messaging application that enables the same functions as WhatsApp. See
https://telegram.org/ for more information.
23

1

Chapter 1

As part of data collection, platform interaction data was exported into text files using
the export functions on both WhatsApp and Telegram applications. The text files were
subject to content analysis and processing for social network analysis. Content analysis
was used to establish the type of content exchanged on the platforms. While social
network analysis was applied to determine the platforms’ network and communication
structure: how actors connect (interact) with each other given the capacity of the
platforms to support free information exchange and networked communication.
A platform user survey was also conducted with actors who voluntarily responded to a
questionnaire via Google Forms. The survey aimed to gain insights into social factors
influencing the type of interaction taking place on the platforms. The survey data was
analysed to produce descriptive statistics.
Question 4: What are farmers’ information source choices in accessing information for
managing new pest (fall armyworm), and the role of mobile technology in this process?
Semi-structured interviews were conducted with farmers to establish their information
sources for different types of information required (information dimensions) to manage
a new pest, fall armyworm. Farmers’ responses were marked and captured in a matrix.
The matrix’ vertical axis fielded farmers’ potential information sources developed from
literature (Dutta, 2009; Ajani, 2014; Bernard, Dulle and Ngalapa, 2014; Rahman, Lalon
and Surya, 2016; Acheampong et al., 2017), while its horizontal axis reflected the
information dimensions of FAW management. The data in the matrices were analysed
to produce descriptive statistical outputs that showed the number of times a source was
cited as an information source for the different information dimensions of fall
armyworm management. The interviews also served to establish the factors determining
farmers’ preferences for engaging with specific information sources. The factors
considered were based on characteristics of good information sources (Starasts, 2004).
These factors were synonymous with themes used for the content analysis of the
interview data (notes).
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Farmers were included in the sample based on three considerations. Firstly, they had
experienced a fall armyworm infestation. Secondly, they were affiliated to an active
maize farming group of either a public or a private extension organisation. Farmers were
selected and differentiated by these affiliations as it was assumed that they might have
different information source choices for fall armyworm management, given that the
extension organisations had different service delivery approaches. Thirdly, farmers were
included in the sample based on established determinants of ICT adoption (age, sex,
education level etc.) (Ali, 2012). The third consideration was made in sampling because
the study also aimed to establish farmers’ mobile phone and new ICT usage in fall
armyworm management, and needed farmers with these characteristics represented in
the sample to capture diversity. The farmers interviewed were selected through multiple
stage sampling. They were randomly selected, based on the ICT-adoption determinants,
from a purposive sample of maize farming groups affiliated to each type of extension
organisation.

25

1

2
26

Chapter 2
Chapter 2

Intermediation capabilities of
new information and
Intermediation capabilities of new information and
communication
technologies in
communication
technologies
Ghana’s agricultural
system
Ghana’s inagricultural
system
Nyamwaya Munthali, Rico Lie, Annemarie van Paassen, Ron van Lammeren, Richard
Asare and Cees Leeuwis

To be submitted

Nyamwaya Munthali, Rico Lie, Annemarie van Paassen,
Ron van Lammeren, Richard Asare and Cees Leeuwis

To be submitted

27

Chapter 2

Abstract
New Information

and Communication

Technologies (ICTs) present

opportunities for enhanced intermediation between actors, and related
information exchanges in Ghana’s agricultural extension system. To
understand these opportunities, this study investigates the capabilities of new
ICTs to support seven forms of intermediation: disseminating, retrieving,
harvesting, matching, networking, coordinating and co-creating. Firstly, we
identified the types of new ICTs currently functioning in Ghana’s agricultural
system. Secondly, we applied a Delphi-inspired research design to determine
scientists’, researchers’ and practitioners’ consensus or dissensus over which
new ICTs can support each of the seven intermediation capabilities. The
outcomes show that experts see opportunities for Interactive Voice Response
(IVR) technologies to support action-oriented and linear intermediation such
as disseminating, retrieving, harvesting and matching. As to the other
intermediation capabilities, experts agreed that Social Media Messaging
(SMM) technologies can support coordination to a certain extent. However,
there was no consensus among experts on which new ICTs can currently
support networking or co-creating.
Keywords: Information and Communication Technology (ICT), intermediation,
agricultural extension, Ghana.
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1. Introduction
Productivity growth in Ghana to bridge the gap between potential and actual production
of food and cash crops is partly hampered by the historic and prevailing approach to
extension service delivery (Alemna and Sam, 2006; MOFA, 2007; McNamara et al., 2012;
World Bank, 2017). This approach is typified by extension being limited to technology
transfer rather than taking on broader roles (e.g., knowledge brokering, facilitating
access to credit, and supporting market linkages) to help meet farmers’ multi-faceted
production needs. The prevailing extension approach also fails to adequately facilitate
interaction among agricultural stakeholders (farmers and the various actors involved in
agricultural research and development). Such interaction could support knowledge
sharing, joint problem solving and coordinated action to provide farmers with
appropriate knowledge to respond efficiently to emerging farming challenges such as
the impacts of climate change (McNamara et al., 2012; Asiedu-darko, 2013).
National agricultural policy objectives in Ghana from 1996 onward have consistently
stated that re-organisation and improved coordination in the sector are key to
agricultural development and adaptation strategies (DAES, 2011; Sova et al., 2014;
Sigman, 2015; World Bank, 2017). Based on this policy direction, structural changes in
the Ghanaian extension delivery system have included accommodating private
extension organisations to meet the high demand for extension services and a transition
towards Agricultural Innovations Systems (AIS) based extension approaches (McNamara
et al., 2012; Van Paassen et al., 2013; Adekunle and Fatunbi, 2014). In view of fostering
innovation (new ideas and improvements) in agriculture, the AIS perspective focuses on
influencing the relationships of multiple actors and on the conditions (e.g., policies) that
affect their (collective) operations (Leeuwis, 2004; Klerkx and Leeuwis, 2008; Swanson
and Rajalahti, 2010). Extension approaches based on this perspective involve three
broad intermediary roles which are demand articulation, matching demand and supply,
and innovation process management. Demand articulation involves the engagement of
sector stakeholders in needs identification, participatory problem assessment and
making interdependencies explicit (Klerkx and Gildemacher, 2012). Matching demand
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and supply involves establishing sector contacts and developing mutually beneficial
relationships (Howells, 2006). Lastly, innovation process management comprises the
creation of a discussion and negotiation space for actors to jointly mitigate constraints,
maintain relationships and engage in knowledge sharing for continuous innovation
(Leeuwis, 2010; Vitos et al., 2013).
Despite the efforts of public and private extension organisations to successfully
transition to such approaches, some factors still stand in the way. These factors include
financial constraints (untimely and limited funding), human resource constraints
(freezes in hiring staff; limited numbers of staff) and skill-set related constraints (limited
adaption on the part of educational institutions to develop the facilitation capabilities of
extension staff) (MOFA, 2007; Sova et al., 2014).
At the same time, Africa is experiencing an Information and Communication Technology
(ICT) revolution (Alemna and Sam, 2006; Bell, 2015) and Ghana is emerging as the West
African ICT hub (Alemna and Sam, 2006; Mccole et al., 2014). New ICTs form part of this
revolution. These ICTs precede analogue broadcasting and printed media (Lister et al.,
2003), they include Interactive Voice Response (IVR), Short Message Service (SMS),
Unstructured Supplementary Service Data (USSD), social media (e.g., WhatsApp,
Facebook), and document and data management systems (e.g., Open data kit). New ICTs
present new opportunities for connectivity to enhance service delivery (Qiang et al.,
2012; Bell, 2015), and are currently being explored by scientists, researchers and
development practitioners to respond to the limitations of classical extension and
interaction constraints in Ghana’s agricultural system (Gakuru, Winters and Stepman,
2009; Qiang et al., 2012; Cieslik et al., 2018; MEST, 2019).
Currently, there is limited scientific literature assessing the capability of different types
of new ICTs to drive agricultural innovation processes and simultaneously highlight the
opportunities for organisations to use these technologies to support these processes
(Van Osch and Coursaris, 2013). This is the case even though there are indications that
new ICTs can act as bridging mechanisms between actors (Kilelu et al., 2011; Munthali
et al., 2018). These technologies can connect actors and facilitate their interaction
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(intermediate) based on supporting communication functions such as coordination,
information retrieval and dissemination (Martin and Hall, 2011) as well as supporting
networking functions such as engagement, discussion, crowdsourcing, networking, coproduction and cooperation (Hansen et al., 2014). One such rare study presents an
expert assessment of the capability of social media and other web based platforms,
Facebook, Twitter, ResearchGate, LinkedIn, YouTube, SlideShare, Organic e-prints, Word
press, Blogger, NING, ERFALAND, Yammer, Crowdsourcing and Wikipedia, to act as
drivers of agricultural innovation (Hansen et al., 2014). The study finds that a number of
the platforms (mostly social media) have high capacity to support specific social
networking functions that support innovation: discussion (Facebook, NING, ERFALAND
and

Yammer);

networking

(Facebook,

LinkedIn

and

NING);

crowdsourcing

(ResearchGate and Crowdsourcing), cooperation (Yammer, ResearchGate and
Wikipedia) and co-production (ResearchGate and Wikipedia). However, this European
study assesses forms of media that are currently inaccessible in the African agricultural
context, where key actors (such as farmers) are typically located in rural settings with
limited access to the internet and to mobile devices that support internet services (Aker,
2011). Thus, the opportunities for new ICTs presented in this study cannot be leveraged
in many African agricultural systems. Further consideration of the study’s applicability
to Africa reveals that it lacks a picture of the types of new ICTs that are currently available
in Africa and that could facilitate AIS-based extension service delivery. Additionally, the
study fails to consider how different experts, from academic-oriented to more locationspecific and practice-oriented experts, currently look at the opportunities for specific
new ICTs to augment extension service delivery.
In this study we address these knowledge gaps and aim to identify opportunities for new
ICTs to support intermediation capabilities, which are essential communication and
networking functions for facilitating AIS-based extension service delivery in Ghana. The
study identifies these opportunities based on the perspectives of Ghana-focused
communication and innovation scientists, development informatics researchers and
ICT4Ag practitioners.
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2. Analytical framework
In this section we start by discussing bridging mechanisms as an overarching concept
that incorporates the core concept of this study, which is intermediation capabilities. We
highlight the possibility of new ICTs to function as bridging mechanisms and in doing so
support extension organisations in facilitating AIS-based extension service delivery.
Further, we delve into the types of intermediation relevant to this facilitation process
and simultaneously present the intermediation capabilities that new ICTs may facilitate.
We finish the section by formulating the research questions.
New ICTs functioning as bridging mechanisms
Farmers operate in multi-faceted production environments. Enhancing the performance
of the Ghanaian agricultural sector therefore requires improved information
(knowledge) flows among agricultural stakeholders and improved business linkages. The
major stakeholders in the agricultural system are knowledge technology providers and
users. Their interaction and knowledge exchange needs to be enhanced, along with
other value chain actors who reportedly have loose linkages (McNamara et al., 2012;
Asiedu-darko, 2013). The other actors in the system are bridging organisations that are
involved in facilitating interaction and linkages between stakeholders (Kilelu et al., 2011;
World Bank, 2012). Bridging organisations are defined by Berkes et al. (2003) as
organisations that provide an arena for knowledge co-production, trust building, sense
making, learning, vertical and horizontal collaboration, and conflict resolution.
From an innovation systems perspective, bridging organisations are associated with
intermediaries, which are “persons or organisations that, from a relatively impartial
third-party position, purposefully catalyse innovation through bringing together actors
and facilitating their interaction” (Klerkx and Gildemacher 2012: 221). For many
developing countries it is argued that these bridging functions are best suited to and
easily assimilated by public extension organisations, even though other organisations
(private extension organisations, non-governmental, farmer-based organisations and
research institutions) have been involved in the role (Kilelu et al., 2011). In the case of
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Ghana, to assimilate this role (MOFA, 2001; DAES, 2011), “extension organisations are
required to expand their role from that of a one-to-one intermediary between research
and farmers,” to that which “creates many-to-many relationships to facilitate access to
knowledge, skills, services, and goods from a wide range of organisations,” (Kilelu et al.

2

2011: 89).
However, various other actors in agricultural systems can also take on bridging functions.
These include networks, trade associations, special programmes, consultants, input
suppliers and ICT (Kilelu et al., 2011; Klerkx and Gildemacher, 2012). New ICTs can
therefore also engage as bridging mechanisms (World Bank, 2012; Hansen et al., 2014),
and can be leveraged by extension organisations to function better as bridging
organisations and simultaneously engage in AIS-based extension service delivery.
Intermediation capabilities
Intermediation is performed by bridging organisations and new ICTs can function as
bridging mechanisms through their capabilities to mediate. Hansen et al. (2014) assess
these capabilities to drive agricultural innovation based on six social networking
functions: engagement, crowdsourcing, discussion, networking, co-production and
cooperation. As part of their study, different forms of social media and web-based
platforms (e.g., YouTube, ResearchGate, LinkedIn, Facebook, Twitter) were assessed by
innovation systems experts to establish the extent to which they support particular
social networking functions that may facilitate collaboration for sharing ideas, and
mobilising knowledge and resources circulating in other arenas (Granovetter, 1973;
Kaushik et al., 2018).
In the African context, new ICTs also have the capability to catalyse innovation.
Specifically, they can facilitate aspects of AIS-based extension service delivery. They do
this by enabling multi-actor networks for joint needs identification, knowledge
integration and problem solving to meet information needs in farming systems (Ajani,
2014). Mobile applications have also been recognised for their ability to improve value
chain linkages (Martin and Hall, 2011; World Bank, 2012; Ajani, 2014), to build timely
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monitoring systems (with geo-referenced data) on environmental issues and production
and to provide timely advice to enable farmers to respond to farming challenges (Alemna
and Sam, 2006; McNamara et al., 2012; Ajani, 2014). That said it is important to note
that in general most studies on new ICT extension initiatives focus on the application of
specific mobile applications (new ICT platforms) to provide market, technical and
weather information to farmers or rather on these platforms’ impact on the matching
demand and supply role of AIS-based extension (Aker, Ghosh and Burrell, 2016; Misaki,
Gaiani and Tedre, 2018). Further, existing literature does not clarify which new ICTs, of
those available in the Ghanaian or wider African context, are most capable of supporting
the specific types of intermediation required to facilitate AIS-based extension service
delivery. Additionally, there has been little consideration of how different experts,
academically-oriented to more location-specific and practice-oriented experts look at
the opportunities for new ICTs to augment extension service delivery.
To address these knowledge gaps, we investigate what communication and innovation
scientists, development informatics researchers and ICT4Ag practitioners see as the
opportunities for new ICTs to enhance interaction in extension service delivery in Ghana.
More specifically, we build on the social network functions articulated by Hansen et al.
(2014) to engage experts in an assessment of the capability of new ICTs to support
specific types of intermediation that are essential for facilitating AIS-based extension
service delivery in Ghana (see Table 1 for a list of these intermediation capabilities). We
modify the work of Hansen et al. (2014) that tables these social networking functions:
engagement, discussion, crowdsourcing, networking, co-production and cooperation to
create a clear distinction between functions by merging and embedding overlapping
functions (engagement, discussion, cooperation) into a broader function (coordinating
and co-creation). We also include additional functions relevant to facilitating AIS-based
extension delivery (harvesting, matching, coordinating) and we categorise all the
functions according to three levels of interaction, from linear to more networked
communication. Overall, we broaden the work of Hansen et al. (2014) to reflect
networking as well as communication functions relevant to facilitating AIS-based
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extension service delivery. We refer to these functions collectively as intermediation
capabilities.
Table 1. Intermediation capabilities
Level of
interaction

Intermediation
capability

Description

Enabling content to be spread widely, alerting or attracting the
Disseminating
interest or raising awareness of a large group of geographically
dispersed actors
Enabling actors to retrieve information (e.g., price, weather) from
ACTION
Retrieving
a central database or retrieve documents out of a central
repository
Enabling the gathering of feedback, ideas, opinions through the
Harvesting
contributions of a large group of geographically dispersed actors
e.g., crowdsourcing or polling
Enabling supply and demand linkages – actors are able to query,
Matching
consult or search information systems and connect to advice or
INTERservices
ACTION
Enabling contact between actors such that they make direct
Networking
connections and are able to interact to form new (business)
relationships or reinforce existing relationships
Facilitating virtual multi-actor engagement to provide open and
live communication channels that enable discussion for
Coordinating
coordinated action e.g., acting together towards a common
TRANSpurpose or engaging in joint problem solving
ACTION
Facilitating a common working space for multiple actors to
combine and contribute contextual knowledge or information,
Co-creating
engage in document sharing and information storage towards a
tangible output
Source: adapted from Hansen et al., 2014 with insights from Leeuwis, 2004 and Howells, 2006

Taking the intermediation capabilities listed in Table 1 as a reference, this study answers
the following research questions:
1) How do experts assess the extent to which different new ICTs support specific
intermediation capabilities?
2) What type of consensus or dissensus do experts reach over which new ICTs can
support which specific intermediation capabilities?
3) What factors are contributing to consensus and dissensus among experts over
which new ICTs can support which specific intermediation capabilities?
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3. Methods
This methodology section starts by reporting on the scoping exercise which was
conducted to identify the new ICTs currently being used in the Ghanaian agricultural
system. The scoping study forms the base for the research. The section also explains the
set-up of the Delphi-inspired study which was designed to establish experts’ consensus
on the intermediation capabilities of the different types of new ICTs that were identified
through the scoping exercise.
The scoping exercise
We reviewed ICT4Ag literature on Ghana and engaged with organisations rolling out new
ICT initiatives discovered in the literature to identify the new ICTs being used in the
Ghanaian agricultural sector (Gakuru, Winters and Stepman, 2009; Qiang et al., 2012;
World Bank, 2014; Aker, Ghosh and Burrell, 2016). Through these scoping activities we
developed an inventory of new ICT platforms (see Appendix 1 page 57). We then
examined the inventory to identify the different categories of new ICTs that the
platforms comprised (see Table 2). Detailed descriptions of these types of new ICTs can
be found in Appendix 2 page 6312.

12

For the purposes of this study we describe new ICTs from the front-user perspective, despite applications being
part of a broader information system with front-end and back-end users.
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Table 2. Types of new information and communication technologies
Type

Interface

Data
format

Communication

Mobile
device
needed
all
phones
all
phones

Minimal
network
needed
2G

Short
Message
Service
(SMS)

SMS
pull
SMS
push

SMS request
typing
SMS based
reading

text

one-to-one

text

one-to-many

Interactive
Voice
Response
(IVR)

IVR
inbound

request-based
talking and
listening
request-based
talking and
listening
request-based
typing and
reading

audio

one-to-one

all
phones

2G

audio

one-to-many

all
phones

2G

text

one-to-one

all
phones

2G

request-based
typing and
reading
data gathering

text, audio,
pictorial, video

one-to-many

smart
phone

4G

text, audio,
pictorial, Global
Navigation
Satellite System
(GNSS)
text, audio,
pictorial, video,
GNSS
GNSS

one-to-one or
one-to-many

smart
phone

4G

one-to-many

smart
phone

4G

one-to-one or
one-to-many

smart
phone

IVR
outbound

Unstructured
Supplementary Service
Data
(USSD)
Social Media Messaging
(SMM)
Data Management
(DaM)

Document Management
(DoM)

document
sharing

Spatial
(Spa)

mapping

2G

4G

Delphi-inspired expert consensus-building study
Building on the scoping study, we developed an expert consensus-building method that
was inspired by the Delphi study approach. A Delphi study is defined by Delbecq as “a
method for systematic solicitation for judgements on a particular topic through a set of
carefully designed sequential questionnaires interspersed with summarised information
and feedback of opinions derived from earlier responses” (Chu and Hwang 2008: 2828).
It involves a “group facilitation technique, which is an iterative multistage process,
designed to transform opinion into group consensus” (Hasson, Keeney, and McKenna
2000: 1) among experts (Benitez-Capistros, Hugé and Koedam, 2014). Benitez-Capistros
et al. (2014) define an expert as a person who is competent as an authority on particular
facts. The use of experts and avoidance of data collection in a group setting where more
dominant actors’ opinions may be captured enhances the content validity of the Delphi
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(Hasson, Keeney and McKenna, 2000). The multiple rounds of questionnaires also
increases concurrent validity of the method (Hasson, Keeney and McKenna, 2000).
Because consensus building is the objective of the Delphi approach, the number of
rounds is undefined and dependent on when consensus emerges or increases among
participants (Benitez-Capistros, Hugé and Koedam, 2014). According to Hasson et al.
(2000) and de Franca Doria et al. (2009), acceptable majorities in a Delphi-derived
consensus can range from basic majority (50-59%) to low (60-69%), medium (70-79%)
and high (≥ 80%) majority.
There are variations in the set-up of Delphi studies (Chu and Hwang, 2008; Allen et al.,
2019). Our Delphi-inspired expert consensus-building method involved two rounds, and
for each round the expert panel composition varied to fit a particular purpose (see Figure
1).

Figure 1. Summary expert consensus-building method

Round 1: Honeycomb evaluation. The first round involved the research team: four
internal experts in the domain of communication and innovation sciences. The experts
individually engaged in a honeycomb evaluation to assess the intermediation capabilities
of the various new ICTs (see Figure 2) and ranked the different new ICTs in relation to
the seven intermediation capabilities. The ranking was based on a Likert scale ranging
from ‘0’ (no capability to support) to ‘5’ (strong capability to support). Based on the
individual honeycomb evaluations, we calculated the average rank assigned by the
experts to each type of technology for each type of intermediation capability.
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Ranking
0

1

2

3

Output of honeycomb evaluation
4

5

dissemin
-ating
4

cocreating

‘0’ no capability to support

0

2

‘1’ very low capability to support
‘2’ low capability to support
‘3’ intermediate capability to support
‘4’ high capability to support

retrieving

SMS
coordinat
-ing

harvesting

push

0

‘5’ very high capability to support

1
networking

matching

0

0

Figure 2. Example of honeycomb evaluation output

The aggregated and averaged results of the honeycomb evaluation were then presented
to the internal panel to facilitate a convergence forum. The convergence forum gave the
experts the opportunity to reflect on the aggregated results in relation to their individual
responses, discuss areas of divergence and ultimately reach agreement on the indicative
intermediation capabilities of the different new ICTs. The forum also enabled the experts
to identify the significant results of the honeycomb evaluation from which propositions
were developed for the second round of the expert consensus-building method (see
Table 4 for the propositions).
Round 2: Survey. In the second round the propositions were packaged into a
questionnaire format using a five-point Likert scale that ranged from ‘1’ (strongly
disagree) to ‘5’ (strongly agree). The questionnaire was presented to a broader expert
panel made up of Ghana-focused development informatics researchers and ICT4Ag
practitioners. The questionnaire was administered via the web-based platform Google
Forms to capture responses from the geographically dispersed respondents.
Potential respondents were identified from a list of invitees for a workshop that took
place in April 2019 and targeted Ghanaian agricultural stakeholders13. The workshop was
organised by a research programme (Environmental Virtual Observatories for
13

List available upon request.
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Connective Action – EVOCA) that the research team was affiliated to. Researchers and
practitioners outside the workshop were also identified as potential respondents. They
were identified from journal publications in SCOPUS in two steps: 1) a search using the
function ‘(mobile technology or ICT) AND (extension or agriculture) AND (Ghana)’
(available upon request) and; 2) screening of articles captured in the search to establish
if they were on topic and the main authors could be invited to participate in the survey 14.
The review was conducted on SCOPUS the world's largest abstract and citation database
of peer-reviewed research literature (Ballew, 2009). In total, 22 potential respondents,
13 researchers and nine ICT4Ag practitioners were identified and sent an email invitation
to engage in the study. Of these invitees, 11 (five researchers and six practitioners)
responded to the questionnaire in the two weeks period given for them to respond.
For round two, the descriptive statistics analysed for each proposition included the mean
(qi), the median (Q2) and the frequency of ranking for each point on the Likert scale.
Based on these statistics we arrived at whether there was positive (agreement) or
negative (disagreement) consensus over a proposition or whether there was dissensus
(varied ranking or polarisation) over a proposition. We considered three criteria to
determine whether consensus was reached and the direction of the consensus for each
proposition (Table 3). These were i) the position of the mean on the Likert scale (Chu and
Hwang, 2008), ii) the position of the mean in relation to the median in the data
distribution (Chu and Hwang, 2008), and iii) the significant percentage of participants
ranking a proposition on the Likert scale – ranging from low to medium, high and very
high (Hasson, Keeney and McKenna, 2000; Doria et al., 2009).

14

Search results available upon request.
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Table 3. Criteria determining consensus over a proposition
Rule

Positive consensus

Dissensus

Negative consensus

qi > 3.5

2.5 > qi < 3.5

qi < 2.5

1

Position of mean

2

Position of mean in

qi < Q2,

Q2 < qi < Q3,

qi > Q2,

relation to median

indicating there is a

indicating there is a

indicating there is a left-

of data distribution

right-skewed

normal distribution

skewed distribution

on Likert scale

distribution
3

Position of majority

very high consensus:

low consensus:

very high consensus:

ranking on Likert

≥80% agree;

50-59% dis(agree) or

≥80% disagree;

scale

high consensus:

<60% dis(agree)

high consensus:

70-79% agree;

70-79% disagree;

medium consensus:

medium consensus:

60-69% agree

60-69% disagree

Abbreviations: qi, mean; Q2, median; Q3, "middle" value in the second half of the rank-ordered data

Focus group discussion. In addition to the expert consensus-building method a focus
group discussion was conducted to establish factors contributing to consensus and
dissensus over the propositions. The focus group discussion took place during the EVOCA
programme’s Ghana workshop. The workshop attracted 19 participants and as part of
the workshop proceedings the participants were selectively split into four working
groups that each comprised all the categories of participant present at the event, which
were mainly targeted users of the technologies. One of the working groups comprised
five workshop participants who took part in the focus group discussion: two public
extension staff members, two ICT-based Non-Governmental Organisation (NGO)
representatives and a small-scale farmer. We presented the aggregated questionnaire
results to the focus group, and they reflected on the results and discussed whether or
not they agreed with them, and why. The discussion was recorded to facilitate thematic
analysis of the factors behind propositions associated with consensus and dissensus.
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4. Findings
In this section we describe the results of the two rounds of the expert consensus method
we developed to assess the intermediation capabilities of the new ICTs. We also show
the type of consensus reached on the intermediation capabilities of the different new
ICTs and outline factors that contributed to propositions associated with consensus and
dissensus.
Indications of new ICTs’ capabilities to support intermediation
The first round of the expert consensus-building method involved the honeycomb
evaluation conducted by the internal expert panel. This round provided an indication of
the intermediation capability (high to low) of each type of new ICT (see Figure 3).
In terms of the new ICTs with a high capability to support the intermediation capabilities
(ranking > 3), the aggregated results of the honeycomb evaluation showed that IVR
outbound technologies had very high capability to support disseminating, and IVR
inbound technologies had high capability to support retrieval. SMS push technologies
had a high capability to support disseminating, and USSD technologies had a high
capability to support retrieval and to match actors. Further, the aggregated results
showed that social media messaging technologies had a high capability to support
information harvesting and coordinating, and an intermediate capability to support all
the other intermediation capabilities, excluding networking.
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Figure 3. Aggregated results of honeycomb evaluation

In relation to the technologies with a low capability to support specific intermediation
capabilities (ranking < 3), the panel of internal experts assessed that spatial (Spa)
technologies generally had a low capability to support all the intermediation capabilities.
The panel assessed that SMS pull technologies, DaM and DoM technologies also did not
rank highly (ranking > 3) in terms of their capability to support any intermediation. The
assessment also found that all new ICTs had a low capability to support networking.
The internal expert panel developed propositions based on the aggregated results (see
Table 4). Sixteen out of the 22 propositions were presented to a broader set of experts
as part of the second round of the consensus-building method. The reason for
discounting some propositions was that they were speculative: they were either loosely
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based on the results of the aggregated honeycomb evaluation or they duplicated
another proposition pointing to similar results.
Table 4. List of 16 propositions
Intermediation
capability

Proposition
P1

Disseminating

P2
P3
P4

Harvesting

P5
P6
P7

Retrieving

P8
P9

Matching

Networking

Coordinating

Co-creating

P10
P11
P12
P13
P14
P15
P16

At present IVR outbound technologies have the highest capability for
disseminating information to rural farmers than the other types of
technologies
At present IVR outbound technologies have higher capability than SMS push
technologies for disseminating information to rural farmers
SMM technologies have high potential to facilitate disseminating information
to rural farmers in the next 10 years
At present IVR inbound technologies have the highest capability for harvesting
information from rural farmers than the other types of technologies
At present IVR inbound technologies have higher capability than USSD
technologies for harvesting information from rural farmers
SMM technologies have higher potential than IVR inbound technologies for
harvesting information from rural farmers in the next 10 years
At present IVR inbound technologies have the highest capability for rural
farmers to retrieve information than the other types of technologies
At present USSD technologies have the highest capability for rural farmers to
retrieve information than the other types of technologies
SMM technologies have high potential for rural farmers to retrieve
information in the next 10 years
At present USSD technologies have the highest capability to match rural
farmers to services than the other types of technologies
At present IVR inbound technologies have higher capability than USSD
technologies to match rural farmers to services
At present all the types of technologies have low capability to facilitate
networking between rural farmers and other agricultural stakeholders
SMM technologies have high potential to facilitate networking between rural
farmers and other agricultural stakeholders in the next 10 years
At present SMM technologies have the highest capability to facilitate
coordination between rural farmers and other agricultural stakeholders than
the other types of technologies
At present SMM technologies have intermediate capability to facilitate cocreating among rural farmers and other agricultural stakeholders
SMM technologies have high potential to facilitate co-creating among rural
farmers and other agricultural stakeholders in the next 10 years
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The propositions were also developed within a specific context to help the panel of
external experts in assessing which new ICTs are best suited to facilitate certain
communication and networking functions in extension activities. The internal panel
therefore required the external panel to envision themselves as district extension staff
tasked by the “Ministry of Agriculture – Headquarters” to ground truth a preliminary
assessment of the current capability and future potential of specific new ICTs to improve
extension service delivery involving rural farmers.
Experts’ consensus and dissensus over propositions
The results of round two showed that half of the 16 propositions presented to experts
of the external panel were marked by consensus and the remainder marked by
dissensus. Additionally, the questionnaire results showed there was no negative
consensus among experts over any of the propositions.
In terms of the propositions associated with positive consensus, there was consensus
among experts that IVR outbound technologies had the highest capability for
disseminating information to farmers (P1). Experts also agreed that IVR inbound
technologies had the highest capability to harvest information from farmers (P4) and for
farmers to retrieve information (P7) as well as link them to advice and services (P11).
Further social media messaging technologies were found to have the highest capability
to support coordination among agricultural stakeholders (P14), including farmers, but
had an intermediate capability score to facilitate co-creation among these stakeholders
(P15).
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Table 5. Propositions associated with positive consensus
Criterion for positive consensus
Criteria 1 Criteria 2
Criteria 3

Type of
new ICT

Proposition

P4
IVR
inbound

P7
P11

IVR
outbound

P1
P2

P14
SMM
P15

At present IVR inbound technologies have the highest
capability for harvesting information from rural farmers
than the other types of technologies
At present IVR inbound technologies have the highest
capability for rural farmers to retrieve information than
the other types of technologies
At present IVR inbound technologies have higher capability
than USSD technologies to match rural farmers to services
At present IVR outbound technologies have the highest
capability for disseminating information to rural farmers
than the other types of technologies
At present IVR outbound technologies have higher
capability than SMS push technologies for disseminating
information to rural farmers
At present SMM technologies have the highest capability
to facilitate coordination between rural farmers and other
agricultural stakeholders than the other types of
technologies
At present SMM technologies have intermediate capability
to facilitate co-creating among rural farmers and other
agricultural stakeholders

qi > 3.5

qi < Q2

(strongly)
Agree
%

3.55 > 3.5

3.55 < 4

63.64

3.73 > 3.5

3.73 < 4

72.73

3.73 > 3.5

37.3 < 4

81.82

3.64 > 3.5

3.64 < 4

72.73

3.73 > 3.5

3.73 < 4

72.73

3.82 > 3.5

3.82 < 4

72.73

3.82 > 3.5

3.82 < 4

90.91

Abbreviations: qi, mean; Q2, median

Experts did not reach consensus on eight of the 16 propositions. There was no clarity on
whether experts agreed or disagreed on these propositions, meaning the propositions
failed to meet all three criteria. More importantly, the propositions showed that experts
had varied views on the potential of social media messaging technologies to facilitate
disseminating, harvesting and retrieving of information targeted at or involving farmers
in the next 10 years (see P3, P6 and P9 in Table 6). Experts also had varied views on the
future potential of social media messaging technologies to support networking and cocreation among agricultural stakeholders (see P13 and P16).
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Table 6. Propositions associated with dissensus
Criteria for dissensus
Type of
new
ICT

IVR

inbound

Criterion 1
Proposition

P5

P8
USSD

P10

P3

P6

SMM

P9

P13

P16

All

P12

At present IVR inbound
technologies have higher
capability than USSD
technologies for
harvesting information
from rural farmers
At present USSD
technologies have the
highest capability for rural
farmers to retrieve
information than the
other types of
technologies
At present USSD
technologies have the
highest capability to
match rural farmers to
services than the other
types of technologies
SMM technologies have
high potential to facilitate
the dissemination of
information to rural
farmers in the next 10
years
SMM technologies have
higher potential than IVR
inbound technologies for
harvesting information
from rural farmers in the
next 10 years
SMM technologies have
high potential for rural
farmers to retrieve
information in the next 10
years
SMM technologies have
high potential to facilitate
networking between rural
farmers and other
agricultural stakeholders
in the next 10 years
SMM technologies have
high potential to facilitate
co-creating among rural
farmers and other
agricultural stakeholders
in the next 10 years
At present all the types of
technologies have low
capability to facilitate
networking between rural
farmers and other
agricultural stakeholders

Criterion 2

Criterion 3

Q2 < qi

qi < Q3

(strongly)
Disagree
%

2.5 > 3.36 <
3.5

4 > 3.36

3.36 < 4

18.18

27.27

54.55

2.5 > 2.73 <
3.5

2 < 2.73

2.73 < 4

54.55

9.09

36.36

2.5 > 2.73 <
3.5

2 < 2.73

2.73 < 4

54.55

9.09

36.36

2.5 > 3 <
3.5

3 > 3.00

3.00 <
3.5

36.36

36.36

27.27

2.5 > 3.18 <
3.5

3 < 3.18

3.18 < 4

18.18

36.36

45.45

2.5 > 3.18 <
3.5

4 > 3.18

3.18 < 4

36.36

9.09

54.55

2.5 > 3.27 <
3.5

3 < 3.27

3.27 < 4

36.36

18.18

45.45

2.5 > 3.55 >
3.5

4 > 3.55

3.55 < 4

18.18

27.27

54.55

2.5 > 2.55 <
3.5

2 < 2.73

2.55 < 4

54.55

0.00

45.45

2.5 > qi <
3.5

Neutral
%

(strongly)
Agree
%

Abbreviations: qi, mean; Q2, median; Q3, "middle" value in the second half of the rank-ordered data
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The propositions marked by dissensus showed that experts had polarised views on the
current capability of all the technologies to support networking among rural farmers and
other agricultural stakeholders (P12). There was also variation in the experts’ ranking of
the current capability of USSD technologies to facilitate information retrieval by rural
farmers or for them to access advice (P8) and other agricultural services (P10).
Factors contributing to consensus and dissensus over propositions
The focus group discussion revealed factors contributing to consensus and dissensus
among experts over particular propositions. In relation to the propositions associated
with consensus, the focus group revealed two factors contributing to experts’
agreement on the high capabilities of IVR inbound and outbound technologies as
described above. One factor was that IVR technologies operated on basic and feature
mobile phones that were accessible to farmers. The second factor was that IVR
technologies, unlike SMS or USSD technologies, generated audio as opposed to textual
content. This made them more compatible with farmers’ lower literacy levels. Discussing
the factors, a middle manager of an ICT-based NGO stated: “At the moment, IVR is known
widely and used because it is programmed in a language that the end user understands.
It does not involve text messages and is available on any kind of phone.”
We also established the reasons behind experts’ agreement on the high capability of
social media technologies to support coordination among agricultural stakeholders at
present. One reason behind the consensus was that social media messaging
technologies, in comparison to the other new ICTs, facilitated interaction and feedback
with the most ease and immediacy. Another reason was that most farmer group leaders
who connect farmers to service providers (e.g., extension agents) are currently able to
use these technologies due to the fact that these farmers have a high literacy level and
greater financial means than the average farmers to access cheap smartphones that
have infiltrated the Ghanaian market. Discussing the reasons behind the experts’
consensus on the capability of social media messaging technologies mentioned above, a
senior manager of a commercial new ICTs platform said: “Social media applications are
the medium of swift information exchange and facilitation at the moment” and “[...]
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because of the infiltration of cheaper smartphones [...] most lead farmers have this
platform [WhatsApp], which makes them easily facilitate meetings and solicit for
assistance and information from each actor when need be.” We also established that
experts’ positive consensus on the intermediate capability of social media messaging
technologies to facilitate co-creation among farmers and other agricultural stakeholders
was due to the capability of social media messaging technologies to facilitate interaction
easily and speedily. However, social media messaging technologies were not considered
to have a very high capability to support co-creation. On this point, experts took into
consideration that the average farmer currently lacked access to smartphones that
supported these technologies. They also considered how limited literacy affected
farmers’ ability to engage intensively (discuss) on or with social media messaging
technologies. In relation to these findings, some experts pointed to alternative
communication mechanisms such as face-to-face meetings currently being more useful
for facilitating co-creation.
Where propositions were associated with dissensus, we established the factors behind
experts’ varied views. Specifically, we established the factors behind experts’ varied
views on social media messaging technologies capabilities to support disseminating,
harvesting and information retrieval involving and/or targeting farmers in the future.
The variation was due to different levels of optimism among experts on rural farmers’
access to smartphones in the next 10 years. The more optimistic experts were confident
about farmers’ increased access to mobiles that supported social media technologies
and the increase in farmers’ literacy. An example of the less optimistic view was
expressed by a senior manager from a commercial new ICTs platform who said: “[...]
right now it has been tagged that you need a lot of money to get a smartphone [by
farmers], let alone the [poor] internet connectivity within rural areas.” A middle manager
of an ICT-based NGO added another less optimistic view: “I am not even looking at the
costs of bundles. Let’s look at how old the active rural farmers will be and what their
educational level will be. When you talk about the farmers now, most of them are within
the range of 30-35 and they will be 40-50 in the next 10 years. In the next 10 years we
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will be dealing with the same crop of farmers. Therefore, I do not expect to see significant
changes in relation to their adoption of such new technology [SMM technologies].” While
a middle management staff member at the Directorate of Agricultural and Extension
Services countered the preceding statement, stating: “[...] but it [the situation] is not
static, maybe in 10 years the youth will become more active farmers and be more inclined
to use WhatsApp.”
5. Analysis and discussion
In this section we discuss the results of the research by comparing the findings of the
honeycomb evaluation undertaken by the panel of internal experts (round 1) and the
findings of the questionnaire administered to the panel of broader experts (round 2).
We identify instances of alignment and misalignment in the experts’ rankings of the
intermediation capabilities of the new ICTs between the two rounds and explain these
instances with reasoning provided in the focus group discussion. We also point out
opportunities that emerge from the expert consensus between the two rounds for
specific new ICTs to support certain communication and networking functions required
to facilitate AIS-based extension service delivery. Finally, this section highlights areas for
future research and reflects on the Delphi-inspired research design.
In the results section of this study we see that rankings of the intermediation capabilities
of new ICTs between the first and second round of the study aligned in certain instances.
For the first and second rounds experts agree that IVR inbound and outbound
technologies currently have a high capability to support action-oriented communication
functions targeted at rural farmers. These communication functions – disseminating,
retrieving, harvesting and matching – do not require intensive interaction. Experts in
both rounds also indicated that social media messaging technologies currently have a
high capability to support coordination between farmers and other agricultural
stakeholders.
In relation to these observations we see that experts reached positive consensus over
certain propositions and the factors behind the consensus are clear. More specifically,
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as other authors have found IVR technology to have huge potential to reach farmers
directly (McNamara et al., 2012; Dittoh, Van Aart and De Boer, 2013), it is clear that
scientists, researchers and practitioners view IVR technologies as being appropriate for
supporting action-oriented communication involving rural communities. This is because
these technologies are audio-based to fit rural farmers’ literacy levels and because they
are supported by mobile phones that most rural farmers can access (basic and feature
phones) (Schmidt et al., 2010; Dittoh, Van Aart and De Boer, 2013; Munthali et al., 2018).
It is also clear that various experts see opportunities for social media messaging
technologies to support the coordination of activities involving farmers and other
agricultural stakeholders – as suggested by (Fabregas, Kremer and Schilbach, 2019), but
specifically between farmers and traders. This consensus is due to the ability of social
media messaging technologies to provide speedy information dissemination and
immediate feedback (Bennett and Segerberg, 2012; Stevens et al., 2016). Beyond the
technological aspect of social media messaging technologies, we also see that they can
support coordination in extension systems as they align with the current extension
service delivery structure in which human intermediation remains relevant (Bailur and
Masiero, 2012). Farmer group leaders – positioned as intermediaries between farmer
groups and other agricultural stakeholders – are often more educated and financially
solvent than other farmers. Moreover, they may have the means to access a smartphone
and use these technologies for their intermediary role. However, we also see that the
capacity of social media messaging technologies to create multi-actor discursive spaces
is underutilised. This is because farmer group leaders confine their use to speedier linear
communication with service providers to support aspects of coordination in their
intermediary role – e.g., organising meetings (as Martin and Hall (2011) also report) as
opposed to multi-stakeholder problem solving.
We also identified instances of misalignment in the experts’ ranking of the
intermediation capabilities of new ICTs. In round one, the internal panel of
communication and innovation scientists was of the view that alongside IVR
technologies, SMS pull technologies and USSD technologies also have a high capability
52

Intermediation capabilities of new information and communication technologies

to support disseminating and retrieving information. The internal panel also felt that
social media messaging technologies were more capable than IVR technologies when it
comes to supporting information harvesting. The internal panel also agreed that USSD
technologies have more potential than IVR technologies to match farmers to advice and
services. In contrast, the panel in round two strongly agreed that IVR technologies have
the highest capability regarding the functions matching as well as for harvesting. Based
on the focus group discussion, it appears that IVR technologies are best suited to support
action-oriented communication functions directed at farmers as they support audio
content and operate on basic mobile phones (Aker, Ghosh and Burrell, 2016).
Beyond these instances of misalignment in experts’ rankings of the intermediation
capabilities of new ICTs between the first and second round, there were also
propositions on which development informatics researchers and ICT4Ag practitioners
did not reach consensus. There was also no clarity on which new ICTs are best suited to
support certain intermediation capabilities. Specifically, it was not clear which
technologies can currently support networking and co-creating. This was because the
propositions related to the capability of the technologies to support networking were
marked by varying views (dissensus) and the propositions related to the capability of the
technologies to support co-creation had an intermediate ranking. This is in spite of the
fact that there were indications that social media messaging technologies could support
other functions that require multi-actor engagement (i.e. coordinating). These findings
on the low capability of the social media technologies to support networking and cocreation contradict the EU-focused Hansen study (Hansen et al., 2014). These mixed
findings point to two issues that require consideration. The first issue is that at present
these intermediation capabilities could best be supported by alternative communication
mechanisms, such as conventional face-to-face meetings that remain relevant in the
functioning of agricultural systems for intensive interaction (Materia, Giarè and Klerkx,
2015; Leeuwis et al., 2018), and have been cited as trusted social networking methods
in the African context (Molony, 2006) that are more appropriate modes of interaction
considering farmers, and other rural agricultural actors, literacy and types of mobile
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phones (Dittoh, Van Aart and De Boer, 2013). Secondly, the findings point to the need
for research to understand the role of social media messaging technologies in supporting
intermediation capabilities that require multi-actor discursive spaces. Experts have
mixed views on social media messaging technologies, which they see as having a high
capability to support coordination but not networking and co-creation. At the same time,
it is unclear which technologies or communication mechanisms have a high capability to
support networking and co-creation. This justifies the need for further research.
Further research could also shed light on the practical application and role of the new
ICTs identified in supporting broader (AIS-based) extension service delivery. This study
has provided evidence of opportunities for new ICTs to improve information sharing and
interaction in agricultural systems that need to be tailored to specific needs, situations
and contexts. Therefore, the study cannot predict which new ICTs can successfully
enhance specific AIS-based extension activities, though the study reveals positive and
negative indicators for some possibilities. The positive indicators are that IVR
technologies may support the broadcasting of knowledge and early warning alerts to
rural stakeholders as part of coordination efforts in problem solving, and enable them
to retrieve knowledge and other information (weather, prices) (Aker, Ghosh and Burrell,
2016). These applications can also match farmers with service providers and suppliers,
as well as allow for the harvesting of information from farmers and other rural
stakeholders (viamo, 2020) as inputs for systemic problem diagnosis. The negative
indicators are that the new ICTs identified may not support stakeholder engagement,
including rural farmers, for collaborative problem diagnosis and problem solving or
combining knowledge.
Finally, we want to reflect on the validity of the expert consensus-building method that
we applied in comparison to a Delphi study. In line with Delphi’s general principles, our
expert consensus-building method involved multiple rounds of individual responses by
experts (Hasson, Keeney and McKenna, 2000). However, our approach deviated from a
standard Delphi as it did not require that the same experts be involved in the two rounds
to foster concurrent validity. For our method, each set of experts was engaged for the
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distinct purpose of each round, such that we fostered concurrent validity by aggregating
the views of a small group of experts in the first round and then presenting these views
to a broader expert panel in a following round to be affirmed or refuted. We developed
this approach to validate the views of the internal expert panel (communication and
innovation experts) with the views of experts that were more engaged with the
Ghanaian context, and respond to the challenge of establishing consensus on new ICTs’
potential amongst a wide range of experts. A Delphi study can be considered valid based
on the input of 16 to 60 experts (Hasson, Keeney and McKenna, 2000); however, lower
numbers of experts have been reported in other Delphi studies (Benitez-Capistros, Hugé
and Koedam, 2014). Therefore, in this study the 15 experts that assessed new ICTs’
opportunities for intermediation (in round 1 and 2) is not a misnormer and still provides
valuable insights based on the study design fostering concurrence validity.
6. Conclusion
The starting point of this study is that new ICTs have the capability to respond to
information and interaction related problems hampering productivity growth in Ghana’s
agricultural sector, and simultaneously to improve extension service delivery. Through a
total of 15 varied experts in two rounds, we assessed the capability of nine types of new
ICTs operating in Ghana to support specific communication and networking functions
(intermediation capabilities) that are required to facilitate AIS-based extension service
delivery.
Overall, we established that experts see opportunities for new ICTs, specifically IVR
technologies, to support linear communication when a significant number of AIS-based
extension service delivery activities require multi-actor engagement and interaction.
This was due to these technologies being easily accessible to the average farmers. For
intermediation capabilities that require more intense interaction among agricultural
stakeholders (networking, coordinating, co-creating) there was evidence of dissensus
among experts over the capabilities of social media messaging technologies – the only
technology enabling multi-actor engagement – to support these functions and type of
interaction. The dissensus was due to these technologies being inaccessible to most
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farmers. Additionally, the study revealed that social media messaging technologies can
support coordinating to a certain extent, but there was no consensus among experts on
which new ICTs can currently support networking or co-creating involving farmers and
other agricultural stakeholders.
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Appendices
Appendix 1. New Information and Communication Technology platform inventory
Platform description and services

Constituent
new ICTs

E-agriculture
www.e-agriculture.gov.gh
Direct to farmer:
o E-farm – farmer audio agricultural information library
o Call centre – access to subject matter specialists
o Farmer engagement platform
Extension providers:
o Web portal - repository of value chain actors, service providers and stakeholders; and
dissimenation of new technologies and agrictural current affairs
o E-extension - to collect farmers geo, bio and crop data; and digitise field and pest and
disease monitoring reports
o E-subsidy – electronic registration of farmers with GPS integration and unique ID
generator to faciliate efficient fertiliser subsidy distribution
SmartEX
https://grameenfoundation.org/resource/appraisal-agro-tech-smart-extension-modelghana-payment-options-and-challenges-ict-enabled
Traders and outgrower schemes:
o Farmer discovery and enrolment with GPS intergration - farmer registration, and
records of farm practices and credit activities
o Farmer management - protocol of agent routine tied to key crop growth stages of farm
operations to deliver timely support
o Value chain and service linkages - access to agribusiness service providers and value
chain actors
o Information and knowledge repository: collection of technical information on crop
production, processing and marketing
o Monitoring, evaluation and learning - analysed farmer data to learn their needs and
requirements, and track their performance. Additonally, tracking of agents activities
through a dashboard
ESOKO
https://www.esoko.com/
Direct to farmer:
o Market prices and weather
o Agronomic tips
o Buy and sell marketplace – reach agent through call centre, sorted by location,
commodity, quantity and grade, and place offer that is SMS to buyer(s)
o Call centre - access to agri-extension experts, market prices and weather forecast
Extension providers:
o Knowledge plus - knowledge respository templates
o Insyts - digitised reporting templates and real-time analytics
o Real-time message alerts
Business to business - Government institutions, NGOs, social projects:
o Buy and sell marketplace - reach agent through call centre and place offer that is sent
to farmers via SMS
o Targeted marketing messages, announcements and alerts
o Polling and feedback
o Knowledge respository templates
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IVR inbound
DaM
SMM
Spa

DaM
DoM
Spa

SMS push
IVR inbound
IVR outboud
SMS pull
DoM
DaM
Spa
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o Digitised reporting templates
ImageAd/MFARMS
http://www.mfarms.org/solutions/
Direct to farmers:
o Commodity and agri-input prices
o Presision agriculture
o M-Xtension - provides good agricultural practices
o Farmer to market – facilitates linkage between farmers, and input and ouput markets
through human agents
Business to service providers - extension providers, agro-dealers, seed producer, off takers:
o Field agent management - agent database development and service provision/activity
tracking
o Farm-level monitoring - farmer database development with farm mapping and farming
activity

SMS pull
SMS push
DaM
IVR outbound
Spa

Business to business - NGOs, FBOs, agro-dealers, logistics or warehousing companies,
aggregators, processing companies:
o Targeted advertising and messaging with instant delivery reports and dashboards
o Targeted short surveys and polling for organisations (NGO, input suppliers e.t.c) to
track their performance
o Warehousing, and stock and sales tracking systems
o Loan management systems
o Fleet management systems
Plantwise
https://www.plantwise.org/KnowledgeBank/Home.aspx
Plant health and protection institutions and extension providers:
o Plantwise factsheet - repository of crop based pest and disease management advice
o Plantwise data collector - digitised “prescription form” to record farmer’s biodata and
plant health problem diagnosis’ and prescriptions
o Plantwise plant doctors platform - pest and disease alert and knowledge sharing
platform
Scientific animations without borders (SAWBO)
https://sawbo-animations.org/home/

DoM
DaM
SMM
Spa

Extension providers:
o Video library - extension information accessible as 2D, 2.5D and 3D animations with
voice overlay
Complete farmer
https://www.completefarmer.com/

DoM

Farmers:
o Builds and manages farms for individuals and provides real-time monitoring sensor and drone
feed data through an online dashboard
Qualitrace
http://qualitracegh.com/

DaM
Spa

Input buyers:
o Anti-counterfeiting solution – enabling input buyers to confirm the authenticity of farm inputs
by dialling the barcode of the purchased product through a USSD application prompt
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AgroInnova - Akokotakra
http://akokotakra.com/app
Farmers:
o Mobile and web-based management system that enables poultry farmers to record,
monitor, and track their operations
Ghalani
https://ghalani.com/#/
Farmers and agri-businesses:
o Eletronic management of farm records
Tro tro tractor
http://www.trotrotractor.com/

DaM
Spa

DaM
Spa

Farmers:
o land preparation, planting, spraying, threshing, shelling and transportation services requested

USSD
IVR inbound

MTN ISKA
http://www.ignitia.se/
Direct to farmer:
o Localition specific weather updates - daily, monthly and seasonal rain forecasts
Farmerline
http://farmerline.co/
Direct to farmer:
o Weather forecasts
o Agronomy tips – customised to location (GPS) and production stage
o Market prices
o Market place - access to farm inputs, water, solar energy, and financial services –
aggregated demand for inputs (type and location) for Farmerline to supply goods
Business to business - off takers, input dealers, global food companies, Government institutions,
research organisations, NGOs, financial institutions:
o Polling and short surveys
o Engagement platform – send customised bulk messages
o Data collection, management and analytics – including farm-level monitoring, field
monitoring, farmer profiling, and farm mapping through delivery
o Building credit history to access advanced financial services through a mobile money
payment platform
o Mobile payments and savings platform
o Plant health and vegetation change monitoring using satellites
MoringaConnect
Extension providers:
o Inhouse electronic data collection form and analytics, paired with GIS mapping system
to monitor plant growth and trace moringa from planting to processing
MTN mobile money (e-wallet)
https://www.mtn.com.gh/personal/mobile-money/about-mobile-money
Direct to farmer:
Mobile banking - payments, loans and savings, micro insurance
Business to business:
o Mobile banking - payments, loans and savings, micro insurance
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Votomobile
www.votomobile.org
https://viamo.io/services/information-sharing/
Direct to farmer:
o Mass-messaging on good agricultural practices
o Mass-messaging on price information and weather forecasts
Business to business:
o Mobile data collection - track field activities, monitor disaster response, report on stock
levels, measure attendance, follow-up on referrals
o Polling priorities, needs and feedback from farmers or stakeholders
o Mass-messaging to advertise and inform farmers or stakeholders
Farm Radio
http://www.farmradio.org/
Direct to farmers:
o Access to messages, alerts, radio programme segments, and abiility to leave audio
message
o Commodity based farm tips
Radio stations and businesses:
o Conduct surveys using audio messages
o Farmer feedback on radio broadcasts
o Uliza polling – voting by beeping/flashing to two phone numbers desginated for a ‘yes’
or ‘no’ response – liseners use basic phone to vote on IVR system, view results and
recording. Number annouced on radio station – call number and answer with number
or record, flash call back
o Automated callback or SMS with market information
Manobi
http://www.manobi.net/en/index.php?M=56&
Direct to farmer:
o Listing and precise georeferencing of farming plots
o Marketplace (offers and demands) between large and small producers, and traders,
buyers and importers
o Real-time monitoring of prices of agricultural products in wholesale and retail markets
o Epidemic alerts, weather forecast, calculation yields

SMS push
USSD
IVR outbound
DaM
Spa

IVR outbound
IVR inbound
SMS pull
SMS push

DaM
SMS push
Spa

Extension providers:
o Data collection – digitised monitoring data on agricultural operations during crop
production
Business to business:
o Collaborative platforms – facilitate multi-actor engagement for cooperatives,
associations, etc..
o Data collection – surveys and advanced monitoring and evaluation
o Inventory management system
Hershey’s CocoaLink
https://cocobod.gh/coco_link.php
Direct to farmer:
o Farmers can send in (photo) inquiries directly to experts and other farmers
o Farmers receive weekly messages (farming practices, farm safety, child labour, crop
disease prevention, post-harvest production and marketing) from COCOBOD
o Digital access to educational content – planting tips, correct input usage and
descriptions of best practices
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Extension providers:
o Electronic farmer data collection
Farmforce
http://farmforce.com/
Out-grower schemes and NGO (groups or cooperatives or exporters) : - agent
o Crop growth stage, pest scouting and monitoring results, bio-data, input usage and
recording or estimating harvests / yields
o Manage micro-loans and perform audits
o Historicla information of where crop came from at supermarket levelTracking specific
produce through the value chain
o Bulk messaging to field staff and farmers
o Electronic (field audit) survey
Freedom fone
http://booki.flossmanuals.net/freedom-fone/what-does-freedom-fone-do

SMS push
DaM
Spa

Direct to farmer:
o Sharing audio information with an audience - educational dramas, market information,
recorded radio programmes or short news items
Businesses:
o Polling - enable audience to vote on an issue using their phone
o Collect SMS feedback from audience - updates about specific news events, alerts or
time critical information
o Get your audience to leave audio messages to share their opinion on a particular topic
or make reports in their own language (IVR inbound)
Savanet
http://savanet-gh.org/?q=content/what-we-do
Direct to farmers:
o Farmer group linkage to extension agents, ICT professional and researchers e.t.c
(conference using mobile phone and portable external speakers)
o Farm area mapping and analysis
o Soil testing and analysis
o Record keeping
o Market access and weather forecasts
Syecomp
http://syecomp.com/projects-and-services/
Business to business and NGOs:
o Farmland surveying
o Farm mapping
o Certification support and traceability
Farmer Helpline

SMS pull
IVR outbound
IVR inbound

Spa
DaM

Spa

Direct to farmers:
o Weather forecasts, agronomic tips, financial tips and funding news (IVR inbound and
SMM)
Geotraceability
http://geotraceability.com/products-and-services/
Extension service provider:
o Tailored business plans - processing field data and agronomic practices to
generate appropriate recommendations for business plans
Business to business or project:
o Survey design tools and electronic data collection
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Mapping production areas and relevant infrastructure
Treacibility tools
Tailored messages to targeted groups of producers
Interoperating data from multiple platforms and data sources onto one database
Cloud-based data management structure to securely store and recall unlimited
amounts of data
Anitrack and Animat
https://www.anitrackgh.com/
Direct to farmers:
o Anitrack: a web application that enables animal identification, and health tracking of
livestock using sensors (wearable tracking devices around the neck of the animal) to
monitor vitals such as temperature and report when necessary sensors go off - sending
a message to a registered veterinarian
o Animat : a website for livestock producers to place their stock online for buyers to see
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Appendix 2. Types of new Information and Communication Technologies
Type of
new ICT

Description
These applications fall into two categories, SMS push and pull applications. Pull (or
incoming) SMS messages, this is any content sent to a subscriber upon request on a
one-time basis. The subscriber sends a request, a text message to a specific phone
number (e.g., send ‘MAIZ PLSK’ to ‘4455’ for maize prices) belonging to a service
provider or organisation, and receives a response. Push messages on the other hand
are text messages and mobile alerts that a service provider or organisations sends out
to a registered customer's or receiver’s mobile phone without the customer initiating a
request for the information.

Short
Messaging
Service
(SMS)

Interactive
Voice Response
(IVR)

Front-end engagement with system/mobile device: SMS via basic, feature or android
phone
Internet connectivity: not required
System workflow: see below

Source: https://www.medianama.com/2008/10/223-teething-troubles-for-googlessms-channels-in-india-battle-at-the-smsc/push-sms-services-chart/
IVR is a technology that allows a computer to interact with humans using voice input via
a keypad (calling). IVR systems can respond with pre-recorded audio to provide the
caller information or further direct users on how to proceed (e.g., dial a number to
listen to specific information, record a message or talk to an agent). These are inbound
IVR capabilities, whilst outbound IVR capabilities facilitate the distribution of
communications to multiple customers through automated voice calls. Outbound IVR
capabilities are used to call multiple people simultaneously and then enable them to
listen to a pre-recorded audio message.
Front-end engagement with system/mobile device: calling standard phone number via
basic, feature or android phone
Internet connectivity: not required
System workflow: see below
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Source: https://callhippo.com/blog/intelligent-ivr-system
Similar to SMS applications USSD is a messaging function on mobile phones used to
query information and trigger services. However, unlike regular text messages, USSD
messages are initiated through “calling”. Therefore, in order to query a USSD
information system the primary user calls a short code (e.g., *115#), after which a
menu appears on their mobile screen, and then the user is required to press a number
from the menu that corresponds to the action they desire to take. An example of the
application of USSD are the protocols mobile phone subscribers use to load phone
credit.

Unstructured
Supplementary
Service Data
(USSD)

Social media
messaging
(SMM)

Front-end engagement with system /mobile device: dialling short code via basic,
feature or android phone
Internet connectivity: not required
System workflow: see below

Source: http://www.edwardpopoola.com/category/technology-deep-dive/
These are instant messaging services run on an android system. They allow users to
exchange text, image, video and audio messages from one user to another or in a group
(e.g., WhatsApp). This technology builds on and extends the core capability of
Multimedia Messaging Service (MMS) technology that enables the sending of messages
than do not exceed 160 characters in length, 40 seconds of video and audio recordings
and one image.
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Front-end engagement with system/mobile device: text; audio; pictorial; video
messaging or GNSS location sharing via android phone
Internet connectivity: required
System workflow: see below

2

Source: https://chatbotnewsdaily.com/developing-your-facebook-messenger-chatbotin-php-e06918da1685
These are tools which help organisations collect, field, and manage data more
efficiently than paper-based systems. They provide solutions for users to: build a data
collection form or survey with GNSS locations and images; collect data on a mobile
device and send it to a server; and aggregate the collected data on a server (e.g., google
drive) and extract it in useful formats.
Front-end engagement with system/mobile device: access data electronic data form to
input data via android phone
Internet connectivity: required to sync data to central (aggregated) database, but
offline data input supported
System workflow: see below
Data
Management
(DaM)

Document
Management
(DoM)

Source: https://www.slideshare.net/fieldwork_ntf/revisiting-open-data-kit-forfieldwork-teachingefl-workshop-8th-september-2017
This is a computer-based system used to store documents in digital form, track
and manage them.
Front-end engagement with system/mobile device: open digital document repository
(multiple organised files) on an android phone
Internet connectivity: not required
System workflow: see below
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Source: https://www.orsgroup.com/news/document-management/documentmanagement-systems-explained
These types of applications enable the creation of an electronic field map, by pinning
coordinates and automatically connecting them to create a geo-reference shape on a
base map. Additionally, such applications enable the calculation of the area of the georeferenced shape. However, these applications are often embedded in other
application such as DaM applications.
Front-end engagement with system/mobile device: GNSS receiver to facilitate pinning
of coordinates on an android phone
Internet connectivity: required
System workflow: see below
Spatial
(Spa)

Source: https://www.anatumfieldsolutions.com/RTK-GPS-Explained_b_6.html
Abbreviations: VAS, Value Applications Server; MSC, Mobile Switching Centre; STP, Signalling Transfer
Point; HLR, Home Location Register; API, Application Programme Interface; ODK, Open Data Kit; PHP,
Hypertext Pre-processor; XLS form, EXCEL Spreadsheet; OCR, Optical Character Reader; ERP, Enterprise
Resource Planning; GNSS, Global Navigation Satellite System; CM accuracy, Relative Accuracy; RKT, Realtime kinematic; NTRIP, Networked Transport of RTCM via Internet Protocol.
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Abstract
Agricultural extension in sub-Saharan Africa has often been criticised for its
focus on linear knowledge transfer and limited attention to broadening
extension service delivery - transition to extension approaches that include
facilitation roles for extension staff to respond to wider agricultural system
constraints. Currently, the region is experiencing an ICT revolution and there
are high expectations of new Information and Communication Technologies
(ICTs) to enhance interaction and information exchange in extension service
delivery. Using an innovation systems perspective, we distinguish three roles
for extension organisation to assume and function as innovation
intermediaries, demand articulation, matching demand and supply side
actors, and innovation process management. The study explores literature on
how new ICT may support these roles, with specific interest in the possibilities
of environmental monitoring and new forms of organisation enabled by
enhanced connectivity. In order to contribute to the understanding of this
area, the paper reports on a comparative study of two new ICT platforms
embedded in Ghanaian public and private extension organisations
respectively. We assess the roles that these platforms (aim to) support, and
document achievements and constraints based on interviews with extension
staff and farmers, and observation of extension agents in the field. The
findings indicate that while both platforms aim to support innovation
intermediation roles the focus areas and level of detail differ due to diverging
organisational rationales to service delivery. In addition, we see that new ICTs’
potential to support innovation intermediation roles is far from realised. This
is not due to (new) ICTs lacking the capacity to link people in new ways and
make information accessible, but due to the wider social, organisational and
institutional factors that define the realisation of their potential. Therefore,
more conventional modes of interaction around production advice and also
credit provision continue to be dominant and better adapted to the situation.
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However, beyond the two platforms that were developed specifically by and
for the extension organisations, there were indications that more informal
and self-organised new ICT initiatives can transform and enhance interaction
patterns in extension systems to achieve collective goals through social media
platforms such as WhatsApp and Telegram.
Keywords: Information and Communication Technology (ICT); ICT4D; ICT4Ag;
agricultural extension; innovation intermediation.
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1. Introduction
Despite agriculture's potential to contribute to the growth of sub-Saharan African
economies (Aker, 2011), agricultural production in the region remains less than optimal
(McIntrye et al., 2009; Aker, 2011). Factors explaining low levels of productivity include
not only rainfall variability and environmental degradation, but also a range of sociopolitical and institutional conditions (McIntrye et al., 2009; Pretty, Toulmin and Williams,
2011), including limitations in agricultural extension service delivery mechanisms
(Leeuwis, 2004; Davis, 2008; Swanson and Rajalahti, 2010). Agricultural extension has
often been criticised for its focus on linear knowledge transfer (Daane, 2010; Leeuwis
and Aarts, 2011) and limited attention to approaches to service delivery that would
include broader innovation intermediation roles such as process facilitation and
knowledge brokering (Howells, 2006; Swanson and Rajalahti, 2010).
Specifically, classical extension has been criticised for its poor capacity to engage
multiple interdependent actors (farmers, credit and input providers, buyers,
researchers, and development organisations) in joint problem-solving, and in improving
farmers’ access to broader information relating to market and credit linkages (Kilelu et
al., 2011; Klerkx et al., 2012). Further, extension has been associated with limitations in
synthesising agronomists, extension agents and farmers’ knowledge, and localityspecific information (socio-economic and bio-physical data), to embed appropriate
technologies in farm management (Leeuwis, 2010; Lambrecht et al., 2015; Karpouzoglou
et al., 2016). The above critique and need for new organisational arrangements in
extension is amplified by the increasing complexity of the challenges that agriculture is
facing due to climate change, and related new demands and standards arising in value
chains (Klerkx and Leeuwis, 2009; McIntrye et al., 2009).
Over the years funding for public extension in many developing sub-Saharan African
countries has been limited (Bennett, 1996; Pretty, Toulmin and Williams, 2011). This has
led to inefficiencies in extension service delivery and a response to this has been the
emergence of private extension to supplement government efforts (Davis, 2008;
Swanson and Rajalahti, 2010). However, despite the emergence of pluralistic extension
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systems challenges in agricultural systems have remained. For both public and private
institutions, it remains difficult to facilitate the appropriate interaction among
stakeholders to address technical and institutional challenges in farming, reach vast
numbers of farmers, and contribute to capacity building at scale (McIntrye et al., 2009;
Swanson and Rajalahti, 2010).
Alongside the emergence of pluralistic extension systems in sub-Saharan Africa, the
region is experiencing an ICT revolution driven by increasing access to mobile devices
(World Bank, 2011). New ICTs as part of this revolution, precede analogue broadcasting
and printed media, non-interactive and non-digital media (Lister et al., 2003) include
social media15 (e.g., Facebook, WhatsApp), Short Message Service (SMS), Unstructured
Supplementary Service Data (USSD), Interactive Voice Response (IVR), and data
collection and storage technologies (e.g., Open data kit) that enable the exchange of
textual, audio, video and pictorial information between two or more actors (Bell, 2015;
Barber, Mangnus and Bitzer, 2016). The emergence of these technologies presents new
opportunities for information sharing and alternative forms of connectivity (Bennett and
Segerberg, 2012; Danes et al., 2014; Van Vliet, Bron and Mulder, 2014; Karpouzoglou et
al., 2016; Lammeren et al., 2017; Witteveen et al., 2017). In development practice this
era, coined Information and Communication Technology for Development (ICT4D) 2.0,
is characterised by new ICT with social transformational capacity that positions users as
information co-producers rather than consumers and enables online networks (Unwin,
1974; Heeks, 2009; Lie and Servaes, 2015). In this context there are high expectations of
new ICTs to enhance interaction and information exchange in extension service delivery
and other forms of innovation intermediation. Possibilities include enabling virtual
communities for stakeholders to engage in learning and joint problem solving,
facilitating virtual connectivity to improve farmers’ linkages to services, and the
collection of timely and locality-specific information to localise generic scientific
knowledge and improve the response to emergent issues (Davis, 2008; Swanson and
15

“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).
73

3

Chapter 3

Rajalahti, 2010; Aker, 2011; Amadu and McNamara, 2014; Mccole et al., 2014; Wright et
al., 2016). However, little is known about how new ICTs are used in practice by extension
organisation to support innovation intermediation and address challenges in the
agricultural systems.
This paper studies two new ICT platforms16 in Ghana embedded in a public and private
extension organisation respectively. The paper analyses the innovation intermediation
roles both platforms aim to support, reports on user experiences and actual platform
usage, and documents the interplay between ICT use and the broader agricultural
systems landscape. In doing so the paper aims to identify constraints and opportunities
related to these platforms facilitating innovation intermediation and draws lessons for
further research and ICT platform development.
2. Conceptual Framework
Our research on new ICT platforms is founded on literature that connects to the
functioning of agricultural innovation systems, i.e. the network of organisations and
enterprises that are relevant to developing, exchanging, and utilising knowledge,
technology and innovation in the sector, including the institutions and policies that affect
the interactions among these actors and the eventual outcomes (Howells, 2006; Klerkx,
Hall and Leeuwis, 2009; Klerkx and Gildemacher, 2012; Schut et al., 2015). Though the
study zooms into the extension system, a segment of the AIS. More specifically, it focuses
on actors in the immediate network of public extension organisations comprising value
chain actors, Non-Governmental Organisations (NGOs), private extension organisations
and researchers.
Innovation intermediation
Over the last decade climate change and soil degradation effects, in interaction with
human factors and societal development, have dis-oriented traditional farming systems
and made farming more complicated (McIntrye et al., 2009; Schut et al., 2015). This has

16

Platform refers to the base upon which multiple applications are developed and integrated.
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placed a higher demand on agricultural stakeholders to adapt and respond to
simultaneous challenges and multiple goals for the sector to remain viable and
sustainable (Klerkx and Leeuwis, 2009; Leeuwis, 2010; Swanson and Rajalahti, 2010).
This situation has placed added pressure on extension organisations to engage in
systemic approaches that link them effectively to broader dynamics and innovation
support services (Daane, 2010; Leeuwis and Aarts, 2011; Klerkx et al., 2012).
Klerkx et al. (2012) have argued that extension organisations may usefully engage in a
broader set of innovation intermediation roles to enhance the extension systems
performance. Innovation intermediation relates to three roles - refer to the table below.
Table 1. Roles of innovation intermediaries
Role
Demand
articulation

Components |Activities
Locality-specific stakeholders needs identification
Systemic problem diagnosis
Collaborative problem assessment
Matching demand
Tailored knowledge provision
and supply
Weather services linkage
Transport and tractor services linkage
Credit options and linkage
Input prices and linkage
Market prices and linkage
Innovation process
Coordination and joint problem solving
management
Maintaining and strengthening relationships
Facilitating learning, knowledge integration and cocreation
Source: authors with insights from Klerkx et al., 2009

The roles are 1) demand articulation: engaging sector stakeholders to identify their (tacit
and expressed) needs (technical, funding or policy), and facilitating the participatory
assessment of constraints in meeting their needs and surfacing of interdependencies
(Klerkx and Gildemacher, 2012); 2) matching demand and supply: establishing sector
contacts (scanning, scoping and filtering actors), identifying potential partnerships that
match demand and supply or harness resource complementarity, and developing
mutually beneficial relationships (Howells, 2006); and 3) innovation process
management: creating a discussion and negotiation space for actors to jointly mitigate
constraints. This includes maintaining relationships (fostering continuous information
flows, trust building and conflict resolution) among stakeholders to cushion mutual
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benefits (e.g., in credit and markets), and on-going facilitation of knowledge sharing for
continuous innovation (Leeuwis, 2010; Hakanson, Caessens and MacAulay, 2011).
New ICTs’ potential for innovation intermediation
While many public and private organisations in Africa are working towards
operationalising AIS-based extension approaches, their capacity to perform and enhance
the intermediation functions mentioned above remains a challenge (McIntrye et al.,
2009; Swanson and Rajalahti, 2010; Bell, 2015).
As mentioned in the introduction, it has been argued that new ICT can act as a bridging
mechanism (Proulx and Heaton, 2011; Stone, 2011) and enhance innovation
intermediation roles. In the sphere of demand articulation they may facilitate interaction
between demand and supply side actors in various locations on virtual platforms to
engage them in sharing viewpoints, experiences and knowledge relevant to clarifying
needs and constraints.
Additionally, new ICTs offer opportunities for the creation of timely monitoring systems
that support the detection of emerging issues in the field, enabling extension
organisations or value chain actors to respond to issues promptly (Mccole et al., 2014).
The development of such systems involves engaging local agents (e.g., farmers) in
collecting data on their on-going activities and challenges, through mobile applications.
These data are linked to databases with interfaces that present data in an accessible
manner (Buytaert et al., 2014; Mccole et al., 2014).
This decentralised monitoring of farming activities and data crowdsourcing resonates
with forms of citizen science (Cieslik et al., 2018) where information of societal
stakeholders may be used to set agendas for innovation and problem solving. Citizen
science is the involvement of ordinary people in scientific knowledge production through
engagement in data collection and (or), data analysis (Stevens et al., 2014), therefore
facilitating the collection of more observations over a wider geography and expanding
possibilities for scientific investigation (Van Vliet, Bron and Mulder, 2014; Cieslik et al.,
2018).
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Such decentralised collection of locality-specific information (e.g., soil fertility data) may
also support tailoring of advice and other forms of service delivery (Leeuwis, 2004) and;
therefore, support matching demand and supply functions. Also, in this area new ICTs
are expected to enhance farmers’ and agents’ access to various information. IVR
technologies may for example support immediate access to market information,
weather data, production advice, and information related to financial services (Qiang et
al., 2012; Barber, Mangnus and Bitzer, 2016).
In relation to innovation process management, the expectations are that new ICT (e.g.,
virtual platforms) may help facilitate continuous interaction, learning and coordination
in support of joint problem solving and co-creation of innovation (Materia, Giarè and
Klerkx, 2015; Karpouzoglou et al., 2016). Moreover, new networking possibilities may
support alternative modes of coordination and performance in extension (Amadu and
McNamara, 2014) or farming communities. More specifically, Cieslik et al. (this issue)
(Cieslik et al., 2018) have argued that new ICT may enable the emergence of new forms
of organisation in response to environmental challenges or other problems that require
collective action. Bennett and Segerberg (Bennett and Segerberg, 2012) have introduced
the term ‘connective action’ to refer to this new form of organisation that is informal
and inclusive, and driven by personal motivations to engage with others in the pursuit
of change (for instance, the Arab Spring). It involves the articulation of views, sharing of
memes, information, images and agendas for action enabled especially by social media
such as Twitter and Facebook. Bennet and Segerberg describe ‘connective action’ as a
more loose or self-organised form of organisation that contrasts with traditional forms
or collective action in which formal organisational management and coordination play
an important role (Bennett and Segerberg, 2012; Cieslik et al., 2018). It is interesting to
explore whether and how such new forms of organisation affect coordination in
extension systems.
Mutual shaping of technology and society
It must be noted that the high expectations associated with new ICTs reflect a (media)
technology centred perspective in that it is assumed that technology and media
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capabilities determine the way new ICTs are used in society (Leeuwis, 1993). Such
perspectives ignore the role of the social context in shaping technology use, including
the significance of human abilities, preferences and motivations (Marchewka and
Kostiwa, 2007; Toyama, 2011), socio-political influences (e.g., actors with interests in
maintaining the status quo) and the wider institutional environment (e.g., policies,
incentive systems, funding arrangements, prevailing communication cultures, etc.) (Ipe,
2003; Leeuwis, 2013; Cieslik et al., 2018). While such factors can indeed influence
whether or not and how new ICT are used the use of new technologies is also likely to
influence society in intended and unintended ways. In relation to this anticipated
‘mutual shaping’ it is naive to expect that new ICTs use will yield only positive and
expected outcomes (Stilgoe, Owen and Macnaghten, 2013; Cieslik et al., 2018). New
forms of extension service delivery may also foster new forms of exclusion or amplify
existing inequalities, for example those related to illiteracy (Perez-Perdomo, Klerkx and
Leeuwis, 2010; Toyama, 2011; Materia, Giarè and Klerkx, 2015). Similarly, technology
use may take forms that deviate from the intentions of designers or implementing
organisations (Stilgoe, Owen and Macnaghten, 2013). In all, it is simplistic to assume that
new ICTs will resolve challenges in agricultural and innovation systems (Lie and Servaes,
2015) on their own. Therefore, we look at the (new) ICT revolution as a development
that may potentially transform extension service delivery, but at the same time
recognise that there may be social and institutional dynamics that deviate from this.
Paying attention to the ways in which the use of ICT technology may shape and co-evolve
with societal developments and vice versa (Scarbrough, 1992; Williams and Edge, 1996)
is likely to provide a more realistic perspective on the contribution of new ICT to support
innovation intermediation.
Against this conceptual background, this article investigates experiences with two new
ICT platforms in Ghana. In relation to these cases, we seek to answer the following
research questions:
1) What intermediary roles do public and private new ICT platforms (aim to)
support?
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2) What are the experiences of direct users with new ICT supported innovation
intermediation? Are there indications that innovation intermediation is
enhanced?
3) What is the role of decentralised information collection and new forms of
connective action in the two cases?
4) What is the interplay between ICT supported innovation intermediation and
the broader extension and agricultural systems landscape, including institutional
set-ups?
3. Methods
The limitations associated with classical extension have also been reported in relation to
Ghana’s pluralistic extension system (DAES, 2011; Sigman, 2015). Therefore, public and
private providers are working towards operationalising more AIS-based extension
mechanisms, including experimentation with innovation platforms and value chain
approaches (DAES, 2011; Van Paassen et al., 2013). The pluralistic extension system in
Ghana in combination with the country’s growth as West Africa’s ICT hub (McNamara et
al., 2012) presented opportunities for research on ICT-based innovation intermediation.
We conducted a comparative case study analysis of two new ICT platforms, E-extension
and SmartEx, embedded in public and private extension organisations respectively. The
approach served to achieve “rich, contextualized understanding of,” the prospects and
limitations of new ICTs in facilitating broader innovation intermediation roles, “through
the intensive study of particular cases,” (Polit and Tatano, 2010: 1451). Hence, the
platforms were selected as cases based on being embedded in organisations
operationalising towards broader extension approaches. The organisations involved
were the Wenchi District Food and Agricultural Department (DFAD) under the Ministry
of Food and Agriculture (MOFA) and emerging maize out-grower businesses in Techiman
District affiliated to the Achieving Impact at Scale through ICT-enabled Extension
Services (AIS) Project led by Grameen Foundation (GF).
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The research site was in the Brong-Ahafo Region as it represented an area in which both
E-extension and SmartEx were implemented. After consideration of five districts, Wenchi
was chosen as the field research site based on the criterion of having a large farming
community and that several Grameen agents were working near (i.e. within a 15km
radius) the DFAD office, the base of Agricultural Extension Agents (AEAs). Additional
criteria were that the mobile devices that accommodated platform use were still
functional and had been in use for over a year, and that two operational agents per case
were willing to participate. However, the research later extended into neighbouring
Techiman District, as the two Grameen agents selected in Wenchi District exited
Grameen’s project. Whilst this presented a logistical challenge, this change did not
compromise the basic research design which focused on the new ICT platforms as the
units of analysis’ and two organisations engaged in intermediation roles as the research
context.
In order to understand new ICTs’ (potential) role in supporting innovation
intermediation roles, we first reviewed and characterised the content and functionality
of both platforms. Additionally, we conducted in-depth interviews with key informants
from both organisations to determine: 1) innovation intermediation roles they engaged
in; and 2) mechanisms of facilitating these roles, including how the platforms were
applied and intertwined with other methods and strategies of service delivery. In doing
so, we simultaneously gained insight into the role division between the ICT platforms,
and classical and conventional communication mechanisms (e.g., radio and field visits),
and also with other new ICTs. Data from these interviews and that of in-depth interviews
and observations of agents during fieldwork, from both organisations, were triangulated
to determine the roles fulfilled. These sets of data also served to obtain user experiences,
including challenges and opportunities for the platforms’ improvement. Farmers
associated with these agents, were also interviewed to gain insight into how they
accessed and appreciated extension services. Data from farmers were collected to
provide broader observations on intermediation and ICT use in extension service
delivery. Data were collected from the sample presented in the table below.
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Table 2. Method and Sample
Method
Key informant interviews:
targets purposively sampled from GF,
MOFA – DEAS and DFAD

In-depth interviews:
randomly sampled agents
Observation and informal interviews:
purposively sampled agents based (non)
active use of platform
In-depth interviews:
randomly sampled farmers from each
observed agent’s active maize farmer
groups closest to the DFAD

Sample
Deputy Director DAES MOFA
National Coordinator E-agriculture Programme MOFA
Former District Director DFAD
Acting District Director DFAD
Programmes Manager GF
Lead Content Developer GF
5 of 11 (45%) traders GF
3 of 7 (43%) AEAs DFAD
4 of 10 (40%) agents GF
2 of 7 AEAs DFAD
2 of 10 agents GF
15 of 41 (37%) Amponsankrom farmers, Wenchi
19 of 46 (41%) Buaso farmers, Wenchi
10 of 24 (42%) Tano Boase farmers, Techiman
7 of 19 (37%) Mesidan farmers, Techiman

Data analysis initially involved interview transcripts and field notes being uploaded onto
Atlas.ti (qualitative analysis software) in which they were read and relevant text were
coded. Thematic labels (major codes) that were applied to data collected from extension
organisation staff included: ‘service provided’ and ‘service delivery method’, ‘platform
use’ and ‘platform value’, and ‘challenges in service delivery’. Labels that were applied
to data from all research subjects were: ‘advantages’ and ‘limitations’ of ICT use in
extension service delivery. Labels that were applied to farmer data specifically were:
‘sources’ and ‘value’ of agricultural services. After coding, for each organisation, text
with similar themes were exported into ‘primary document tables’ in excel and then text
with similar sub-codes under different themes were grouped manually. In order to
describe the extent to which a sub-code was repeated, the number of times it occurred
(enumerator) was divided by the number of respondents within a particular ‘category’
such as ‘agents’ (‘denominator’) and expressed as a factor of 10 to facilitate these
descriptions: 7 of 10 and above – ‘most’; 4 to 6 of 10 – ‘almost half’; 1 to 3 of 10 – ‘few’;
below 1 of 10 - ‘very few’. Further interrelations between themes were noted and
explanatory factors related to certain findings (as presented by respondents) were
identified. These were linked to exemplary quotes that were pulled up from the
transcripts and the primary researcher’s observations.
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4. Findings
Case 1: Service delivery experiences with E-extension platform
The MOFA – Directorate of Agricultural and Extension Services (DAES) works within a
policy framework that supports service delivery transcending technology provision to
respond to challenges in the agricultural system (McNamara et al., 2012). As part of
improving extension service delivery in these lines, MOFA launched the E-agriculture
Programme in 2014. Under the programme AEAs across Ghana were trained to use the
E-extension platform on smartphones.
According to the official job description of AEAs their primary objective is to advise
farmers (and other agricultural value chain actors) and demonstrate appropriate
technologies. Furthermore, their responsibilities include socio-economic and biophysical profiling of operational areas, diagnosing and advising on solutions to farming
problems – including problems related to farm management, inputs, credit and market
access (MOFA, 2001). In addition, they are required to conduct on-farmer-adaptive
technology field trials and collect relevant data for researchers’ analysis. The next
section describes E-extension’s functions in relation to the areas of service delivery
outlined above.
Description of functions E-extension
The E-extension platform had three major functions (summarised in Figure 1 below).
Firstly, the collection of Global Navigation Satellite System (GNSS) location data,
alongside crop-specific production data of farmers under a tab labelled ‘farmer’. Data
collected through this tab was assumed to be useful for planning and intervention
prioritisation. It also enabled the provision of unique randomly generated identification
codes (ID) for farmers to facilitate the efficient management of the national input
subsidy programme. The concept was that selected private input suppliers could run this
ID through an online database to check if farmers had already received subsidised inputs
for which they were eligible, therefore, preventing the double provision of subsidies to
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one farmer. Under the ‘farmer’ tab was another function of the platform, ‘field visit
report’, which made provision for the digitisation of AEAs’ field reports.

3

Figure 1. (Left to right) E-extension farmer tab; E-extension occurrence capture; E-extension note capture

The third function, ‘occurrence’, enabled MOFA head-quarters (HQ) to source timely
information on the extent and location of events such as (new) pest infestations and
drought occurrences. This was deemed useful for developing an “early warning system”
to enable prompt and coordinated responses to emerging issues in the field. This and
the other information collected through the platform was stored in a database with a
dashboard, meant for HQ and DFAD management to track agents’ activities and farmers’
situations.
In addition to the functions above, the smartphones served to connect AEAs to a website
(http://www.e-agriculture.gov.gh), vis-a-vis a service providers repository with links to
research and finance institutions, input suppliers and commodity buyers, farmer-based
organisations and transporters. The website aimed to reduce the time and mobility
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required by AEAs to vet and establish relationships with sector actors for the purposes
of connecting relevant actors to each other.
User experiences
The platform’s general value was associated with the development of a farmer database
and; therefore, its main use was considered farmer registration. Of all the staff affiliated
to MOFA interviewed most associated the platform’s value with this function through
statements such as “We need to register farmers, because we lack farmer data incountry.” The DFAD staff (management and AEAs) not only recognised this value, but
most also considered that HQ’s main motivation for developing the platform was to
assign farmers unique IDs to prevent fraud in input subsidies provision.
However, despite the anticipation that E-extension would improve the process of
subsidy provision, there were challenges in achieving this. Firstly, all AEAs interviewed
stated that limited funds to conduct field visits hampered data collection to populate the
database. Secondly, almost half mentioned that they lacked internet bundles to send
data to HQ, whilst a few DFAD staff stated AEAs lacked the capacity to use the platform
to collect or send data. Additionally, the District Director pointed at technical hick-ups in
the communication between local devices and the central database as a factor that
hindered E-extension in improving input distribution. The overall success of using the
farmer registration data to coordinate input subsidy provision in 2016 was limited, so
that DFAD staff continued to use existing (desktop-based) farmer data available at the
district office.
In relation to another use of the farmer data, almost half of the district staff interviewed
expressed an interest in accessing the data analytics to improve intervention planning.
According to HQ this information was not availed, because the Wenchi District Local
Government (financially responsible for the DFAD operations based on decentralisation
policy) was unable to provide a laptop and internet facilities for DFAD staff to access the
database.
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Regarding the ‘occurrence’ function, it was established through interviews with AEAs
that few occurrences and also monitoring reports were being sent to HQ. Few AEAs
expressed that they occasionally sent data on occurrences through E-extension. One
said, “Sometimes I use E-extension to send reports on peculiar things, for instance when
fall armyworm broke out, but not to submit monitoring reports.” Another AEA suggested
that receiving feedback or prescriptions on problems reported on would motivate AEAs
to use the function. Apart from the lack of feedback from HQ, the other factors
contributing to the functions’ low usage included funding limitations, which also
hampered crop monitoring and follow-ups on occurrence reports received by AEAs via
mobile phones. The other contributing factor related to the district management’s
concern that occurrences were reported directly to HQ before the extent of the
infestation and actual pest was verified. The Director said this on reporting procedures:
“[...] with E-extension we [DFAD] only register farmers,’’ and “[...] before we report a pest
outbreak the threshold should have been passed, and if it has not, there is no need to
raise alarm.”
In relation to the MOFA website, no AEA stated that they frequented it to access contact
information of value chain actors and other stakeholders to match demand and supply
for services and other opportunities. However, almost half stated that they accessed the
internet over their mobile phones to retrieve agricultural information, suggesting that
they were able to visit the MOFA site to retrieve information. In relation to not visiting
the website one agent said, “I do not visit the website, the contacts on that site are not
local. We make contacts on the ground, assess them and when we are satisfied we link
them to farmers”. This statement reflected that AEAs preferred to link farmers to
contacts they had vetted and built relationships with at a local level. That is if they
engaged in these activities, given that no AEA expressed that their major duties included
credit or market linkage and only a few said that they engaged in input provision.
Therefore, another factor that could have contributed to the limited reference to and
content on the website, such as the ‘agro-marketing’ tab being empty, was the service
delivery focus of AEAs was knowledge provision.
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Broader observations regarding intermediation and ICT use
Alongside E-extension, alternative service delivery facilitating mechanisms were
identified. These mechanisms related to stakeholder engagement, needs identification
and information brokerage, and systemic problem diagnosis and joint problem solving
as well as knowledge provision; activities most DFAD staff stated they engaged in. These
three blocks of activities were facilitated face-to-face: through engagement meetings
with specific value chain actors (e.g., farmers or input suppliers) as the need arose,
monthly review and technical meetings for (extension) district staff, and group training
or demonstrations respectively. Furthermore, in interviews with the DFAD Director it
was established that the Wenchi DFAD had been the first and only office to pilot a
cassava value chain innovation platform in Ghana from 2011 to 2017, and MOFA was
recommending its wider adoption. The reasons put forward for expanding the platforms
to other areas and value chains were explained by the Director: “Before we started the
platform each actor would come with their own problem and we would try and solve it
individually. [...] we know the problems producers face relate to other actors, so now we
put all the actors on one platform [...] to solve problems with each other directly.”
Apart from the face-to-face methods of facilitating service delivery, informal WhatsApp
groups emerged from DFAD staff as another new ICT being used in the office. According
to some respondents under the DFAD it was easy for non-tech-savvy staff to engage
through the social media messaging platform and attach pictures. The platform was used
to share general and work-related information. The Director said, “The group was
created to share ideas, alert others of diseases or pests noticed and to send information
about pending meetings.” Whilst an agent commented that “the office group is informal,
and people share what they want, even jokes”. Additionally, individual staff were
members of informal value chain-based WhatsApp groups. Such groups served to
maintain contact, facilitate easy connectivity and discussion between value chain actors
and support organisations after relationships were established through meetings.
Plantwise was observed as another new ICT platform that AEAs used. Two of the nine
AEAs under the DFAD used it as part of a nationwide project led by CABI (a research
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institution). The projects aim was to reduce crop losses by establishing plant clinics for
farmers to access plant health advice. The clinics involved farmers bringing plant samples
for “plant doctors” (AEAs) in their locality to diagnose. To support the clinics, the AEAs
used three Plantwise functions on a tablet. The ‘Plantwise Factsheet’ containing pest
and disease management advice and a Telegram (instant messaging) group of 192 AEAs
across Ghana, agronomists and researchers. Furthermore, AEAs also recorded, through
a digitised “prescription form” (‘Plantwise Data Collector’), farmer’s biodata and plant
health problem diagnosis’ and prescriptions. AEAs were motivated to use the ‘Plantwise
Factsheet’ as it connected them to current technical information, one AEA said,
“Plantwise is current, this morning they sent us information on the armyworms life cycle,
the information we need now to advise farmers on when [the stage] treatments are
effective.” According to AEAs, the factsheet was also useful as it facilitated learning:
“Sometimes you hear of a disease you have no idea of and through fact sheet you see
and learn about it, and then you can educate farmers on it.” The Telegram group was
also valued for facilitating learning, an AEA said, “At the beginning of the season many
of us were mistaking armyworm for stemborer. The specialists were following our
discussions on Telegram and then posted something on differentiating between the
two.” Additionally, Telegram was found useful by AEAs for providing current sectoral
news, for examples: “The latest chemicals [...] banned chemicals [...] current happenings
[...] like the other crops armyworm is attacking.” The factors mentioned above that
motivated AEAs to use Plantwise platforms, directly related to areas of improvement
they suggested for E-extension.
In relation to knowledge and production advice provision, a major focus of service
delivery mentioned by all DFAD staff, all DFAD staff and farmers cited group training and
demonstrations as the main teaching methods applied. Additionally, most AEAs
expressed that they both received farmers’ reports on challenges (e.g., pest infestations)
and responded to these challenges over the phone. AEAs probably used mobile phones
in this manner due to a lack of operational funds, in relation to this an AEA said, “Those
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farmers that call me I give them advice over the phone, for some farmers I sacrifice and
go and see them.”
Alongside mobile phones, most AEAs also mentioned radio as a method of knowledge
and production advice provision. AEAs were required to participate in radio programmes
on local radio stations as part of their official duties under the DFAD office. Aside from
using radio in service delivery, few AEAs reported that they used a separate GNSS mobile
application from that on E-extension, for measuring field sizes. Such geo-data were used
to prevent or resolve conflicts over field measurements between farmers and ploughing
service providers. These conflicts often arose from farmers using imprecise measures for
field size and providing these measurements to plough operators to quote a price preworks. At times this resulted in disputes over field size and price when operators came
on site. The use of the GNSS technology typically involved AEAs walking around the
perimeter of a field and pinning its coordinates with the application, and giving a precise
and acceptable field size estimate to both parties.
Lastly, it was also observed that farmers use of available weather SMS push services was
limited due to literacy and the timeliness of these services. One farmer said, “Most
farmers are illiterate, so if you want to go about such things [providing SMS weather
data] it becomes difficult for them.” Additionally, another farmer commented that
although the weather information sent via SMS was more accurate, the conventional
radio forecasts were timelier. This was because at times the SMS data only reached
farmers in the afternoon, which was too late for them to decide whether to go into the
field or not considering they preferred to go into the field in the morning.
Case 2: Service delivery experiences with SmartEX platform
Grameen Foundation is an international development organisation rooted in businessoriented approaches to poverty reduction. Between 2014 and 2017 Grameen in Ghana
partnered with Agricultural Cooperative Development International/ Volunteers in
Overseas Cooperative Assistance (ACDI/VOCA), another development organisation, to
build the capacity of maize traders to evolve into out-grower business owners and
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engage in broader extension service delivery. The project Achieving Impact at Scale (AIS)
aimed to apply new ICTs in improving traders’ management of farmers (suppliers), and
their control over crop supply and quality through better monitoring, and technical and
credit support coordination.
For the project, traders identify tech-savvy individuals for Grameen and ACDI/VOCA to
train as agents. These individuals are trained on basic agronomic principles and SmartEX.
Once trained the individuals (agents), using SmartEx via tablets, are required to identify
farmers’ needs, conduct demonstrations and train farmers on improved technologies,
and develop seasonal farm management plans with farmers to facilitate crop
monitoring. They are also required to liaise and negotiate with service providers to meet
farmer’s needs, the emphasis being on improving farmers’ access to inputs. During the
marketing period, they are required to purchase produce for traders and simultaneously
receive payments (as produce) for input loans and other services (such as ploughing)
they organise for farmers, and coordinate produce sales to end-market buyers. SmartEx
was designed to support the agents in coordinating service delivery as described above.
Description of functions SmartEx
One of the AIS project assumptions was that agents required less agronomic training and
networking skills than classical extension agents to engage in service delivery, based on
having easier access to information through SmartEx. SmartEx’s homepage consisted of
six tabs labelled ‘farmers’, ‘meetings’, ‘suppliers’, ‘markets’, ‘technical assistance’ and
‘farmer search’ (summarised in Figure 2 below). The first two tabs facilitated data
collection. The ‘farmers’ tab enabled the collection of farmer biodata and other data to
automatically profile farmers, including the collection of baseline data on farmers’
production practices and credit activities. Under this tab, agents could also create farm
management plans and digitised weekly reports, including the reporting of emerging
field issues (e.g., pest infestations). Similarly, the ‘meetings’ tab allowed for the creation
of digital reports of group training and farm(er) monitoring visits. Thus, the first two tabs
aimed to facilitate farmer enrolment and needs assessment to support farm monitoring
and agents’ timely response to emerging field issues. An important rationale underlying
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the collection of this information was also that it would be used by traders and/or other
input providers to assess which farmers could be provided credit (in the form of inputs)
with minimal risk and help convince their designated financial organisations to provide
them with sufficient working capital to operate.

Figure 2. (Left to right) SmartEx homepage; SmartEx farmer records summary; SmartEx meetings data capture

The second two tabs ‘suppliers’ and ‘markets’ were meant to facilitate easy access to
service providers contacts (with whom Grameen had established collaborative
relationships), enabling agents to link farmers to services and facilitate value chain
linkages. The SmartEx database, under the ‘technical assistance’ tab, stored a variety of
crop management guides on good agricultural practices (GAPs) and teaching videos for
90

Innovation intermediation in a digital age

agents to easily access information relevant for advising farmers. The ‘farmer search’ tab
was designed to give agents access to analysed monitoring data to quickly understand a
farmer’s background, establish their needs and track their performance.
Alongside the above functions the tablets were internet-enabled to support wider access
to agricultural information and weather services for agents - subsequently farmers, and
SmartEx also had a dashboard meant for traders and Grameen staff that could track
agents’ field activities in real-time. The next section provides insight on Grameen agents’
actual use of the SmartEx platform.
User experiences
In relation to farmer registration and profiling through the ‘farmer’ tab, most agents
stated they engaged in this activity and considered this SmartEx’s main function. All
traders saw this as the major role of agents in their businesses, as one trader stated,
“The work of agents is to use the tablets to monitor farmers’ activities, keep records on
farmers and profile them.” Despite all the traders interviewed recognising the value of
the data collected under the ‘meeting’ tab in tracking and monitoring farmers’ progress,
few agents collected these data or engaged in monitoring consistently. Similarly, few
agents sent weekly reports through SmartEx, hence emerging issues on the ground were
not actively reported to Grameen or traders. Additionally, few agents used the platform
to develop farmer management plans. Most respondents associated with Grameen
stated limited transportation (funds) as a constraint to visiting the field for data
collection. Furthermore, agents indicated they had no contractual obligations to traders
and were not remunerated by them, which contributed to their de-motivation to collect
data. It was observed during the research period (5 months) that 3 agents (out of 15)
dropped out of the project citing remuneration as a contributing factor. Meanwhile,
despite these challenges, from the perspective of Grameen staff the project could be
seen as working towards testing new business models for agricultural services provided
by traders, where it was expected that SmartEx and agents’ use would eventually lead
to risk reduction for traders and other input providers, and thus improve their financial
position enabling them to remunerate agents for their services.
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While the ‘suppliers’ and ‘markets’ tabs meant to facilitate easy access to service
providers contacts for agents to engage in value chain linkages, few agents used the
platform to identify input dealers and financial institutions to improve farmers’ access
to inputs, and it was observed that market actors’ repository was empty. A probable
explanation for the empty repository was that traders had already established linkages
with farmers and end-buyers prior to the project. Whilst the general limited use of the
function could be related to the role defined for agents in traders’ businesses. As already
mentioned most agents and traders identified agents’ role as a data collector and record
keeper. In this situation traders, who had limited access to SmartEx and mainly engaged
agents on the criterion of tech-savviness, continued to rely on their personal networks
to provide loans to farmers. These networks included both organisations from which
traders had accessed loans over the years, and those they had engaged with through
ACDI/VOCA more recently. Developing these personal networks with financiers involved
a series of meetings in which traders vouched for farmers or convinced them of their
capacity to be guarantors for farmer loans. However, one trader said he sometimes used
farmer records from SmartEx to negotiate farmer credit arrangements with financial
institutions, but in general the use of farmer records and plans for these purposes was
not widespread.
With regard to production advice provision, despite almost half of the agents expressing
involvement in this, only a few stated that they referred to the SmartEx crop
management guides. Interviews suggest that traders and not agents as assumed by the
project had closer contact with farmers on issues of production and other advice. In
relation to this almost half of the agents alluded to farmers with challenges often calling
traders for advice, and this seemingly limited agents’ incentives from referring to the
training material.
Broader observations regarding intermediation and ICT use
It was observed that traders as part of service delivery and in collaboration with
ACDI/VOCA, Grameen also linked farmers to other new ICT platforms providing
production advice, specifically ESOKO a direct-to-farmer SMS agricultural information
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service. Of the few farmers interviewed using ESOKO, few alluded to actively accessing
production advice from ESOKO. Those that did said that they received valuable timely
weather-based guidance on when to engage in farming activities (e.g., fertiliser
application), but stated that interaction with an expert was still required for them to
grasp the advice. In relation to this, most farmers considered AEAs their main production
advice provider. The following statement reflected farmers’ views on the comparative
advantages of sourcing production advice from ESOKO and experts (AEAs): “ESOKO only
sends us information, whilst the “agric-people” [AEAs] come directly to the field to assist
us when we are not clear. Then again, the goodness of the ESOKO information is that it
is readily accessible when agents are not always able to come into the field.”
Further, very few farmers accessed SMS market information through ESOKO or radio.
Farmers appreciated having access to commodity prices in wider markets. However,
access to this information did not necessarily translate into improving their negotiation
position with traders, whom they were often tied to by supply and credit agreements. It
rather enabled them to ascertain whether their designated trader was offering a fair
price. However, interviews with traders suggested that ESOKO’s market information
service was more valuable to them in scanning markets, price setting and negotiations,
as they had higher mobility than farmers and access to larger volumes of produce. Most
traders interviewed valued the SMS service in this manner. Furthermore, they were wary
of farmers being privy to price information, an agent said, “It [ESOKO] helps me to know
commodity prices at different markets. So, I know the best prices to sell my produce at a
profit,” and he continued, “It is even spoiling our [agents’] negotiations with farmers.
Now farmers know the prices and want to sell their produce at the ESOKO price.”
Additionally, very few farmers interviewed accessed ESOKO weather data, the majority
accessed forecasts via radio. One of the few farmers accessing the SMS based weather
data valued the service in this manner: “Getting the information from the phone is good,
as it is always with me and the information they give is correct more times than the one
on the radio.” He further alluded to illiteracy being the major factor deterring other
farmers from engaging with the SMS service.
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Grameen also established a WhatsApp group for agents to report technical challenges
of operating SmartEx to Grameen staff. One agent revealed that the group was also
being used to report on other field challenges, including pest infestations, and explained
why through this statement: “All the Grameen managers, facilitators and agents are on
the group [...], and they help find solutions. [...]I found when I reported problems through
WhatsApp I got a more immediate response than when I reported through SmartEx
[weekly reporting].’’ The WhatsApp group also enabled the sharing of ideas and
experiences with more immediacy than the quarterly review and sharing meetings that
ACDI/VOCA organised for agents and traders to discuss progress and field experiences.
5. Analysis and Discussion
This section analyses the findings in relation to the research questions posed about the
role of new ICTs in supporting innovation intermediation. Subsequently, we discuss the
implications of these findings for the further development of new ICT platforms and
future research.
Intermediary roles supported by new ICT platforms and user experiences
In terms of the intermediary role supported by E-extension and SmartEx, we see some
similarities and differences (see Table 3 for an overview).
Both platforms were embedded in organisations with the intention of transitioning to
broader (extension) service delivery and thus attention for the platforms to support a
variety of innovation intermediation roles was observed. A common feature of both
platforms is that there was emphasis on database development and the collection of
farmer registration data (names, locations, farm size, crops grown, and in the case of
SmartEx also farm development plans etc.) as a basis for enhancing service delivery and
innovation intermediation.
Furthermore, both platforms included a service providers repository to facilitate value
chain linkages, and enabled the digitising of agents’ monitoring activities to track agents
and identify emerging issues on the ground with immediacy. Below, we analyse in more
detail how these features link to other platform characteristics and the three types of
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innovation intermediation distinguished in Tables 1 and 3: demand articulation,
matching demand and supply and innovation process management.
Table 3. Comparative summary of intermediation roles that E-extension and SmartEx aim to support
Role
Demand
articulation

Matching
demand and
supply

Innovation
process
management

Components | Activities
Locality-specific stakeholders
needs identification
Systemic problem diagnosis
Collaborative problem
assessment
Tailored knowledge provision
Weather services linkage
Transport and tractor services
linkage
Credit options and linkage
Input prices and linkage
Market prices and linkage

Coordination and joint problem
solving
Maintaining and strengthening
relationships
Facilitating learning, knowledge
integration and co-creation

E-extension
Basic locality-specific data
collection to enable needs
identification for groups of
farmers with similar
features
Matching basic farmer
data to tailor advice to
groups and locations
*Networking shortcut to
identify and vet service
providers to facilitate
value chain linkages

Decentralised monitoring
data to enhance
coordination and
organisational feedback
Enhancing coordination in
the delivery of subsidised
inputs

SmartEx
Detailed locality-specific
data collection to enable
detailed needs
identification at the
individual farmer level
Networking shortcut to
reach technical experts –
easy access to GAPs
repository
Matching detailed farmer
data to foster access to
tailor-made and in-kind
credit provision
Networking shortcut to
identify and vet service
providers to facilitate
value chain linkages
Decentralised monitoring
data to enhance
coordination and
organisational feedback
Creating farmer credit and
production history to
support trust building in
credit and commodity
markets

*This function was facilitated through the MOFA website linked to E-extension.

Demand articulation - For both platforms, farmer registration and database
development were meant to support demand articulation, but for different purposes
and with different levels of interaction and detail. In the case of E-extension, registration
and database development involved the collection of basic farmer information (location,
crops grown, farm size) and reporting on emerging issues (e.g., pests and diseases). This
information served in part to rationalise and control the delivery of input-subsidies, but
also inform extension organisations of farmers’ knowledge demands. However, the
degree of interaction between ‘supply and demand’ in E-extension was limited and thus
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the registration data was not oriented towards the in-depth articulation of specific
demands, but rather to general categories that were helpful for planning and prioritising
extension activities and targeting production advice provision to groups (e.g., maize
growers). In practice, however, potential advantages of this modality for demand
articulation were not realised, as implementation was complicated by a range of
technical, resource and capacity constraints, resulting in few farmers being registered
through this system. Therefore, AEAs continued to rely on pre-existing farmer
registration data for planning and on conventional demand articulation modes during
field visits, group meetings and –more recently- face-to-face innovation platforms and
mobile phone conversations.
For SmartEx the interaction was designed to be more intensive and detailed, and mostly
oriented towards the articulation of individual demands for services (input provision,
ploughing, processing, transport, etc.) tied to credit provision (in kind) by traders. To this
end farmers registration through SmartEx automatically facilitated farmer profiling,
placing them into categories (experienced, moderately experienced, farmers on the rise,
and moving from subsistence) that described their farming level, capacity and priorities
for service delivery. SmartEx further supported the collection of baseline data on
farmers’ production practices and credit activities, alongside seasonal farm
management plans to aid agents in the identification of farmers’ financial, equipment
and input requirements based on their intended farming practices and area of
cultivation. In all, demand articulation in SmartEx was meant to be more intensive,
continuous and individual than in E-extension and less oriented to articulating
knowledge demands. However, in the case of SmartEx we also see that this potential
was not realised. Insufficient incentives existed for agents to actively engage in the
articulation of individual demands for services, still pointing to resource constraints and
additionally unconducive remuneration relations between traders and the newly
established agents. In the situation, traders mainly relied on pre-existing information
and relationships rather than on information collected through SmartEx.
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While both platforms paid attention to articulation of farmer demands, it is interesting
that the needs and demands of service providers themselves played a prominent role in
how the platforms operationalised demand articulation. The effective and efficient
working of MOFA and its extension services was the centre of attention for E-extension,
while the needs of traders and other credit providers played an important role on
SmartEx. At a more abstract level SmartEx served to test a new business model for
commercial service delivery, as envisaged by Grameen, based on the notion that the
collection of information about farmers could reduce risks in lending for credit providers,
as they would be in a better position to judge farmers’ trustworthiness. At the same
time, provision of credit (in kind) would allow farmers to access a range of services. It
was assumed that addressing demands of extension organisations, traders and credit
providers would indirectly serve the interests and needs of farmers. Considering that
from an innovation systems perspective demands and interests of different stakeholders
play a role in service delivery, this assumption is a reminder that it is important to
contemplate about how a good balance between different demands driving the design
of (new) ICT platforms may be negotiated (Alexiou and Zamenopoulos, 2008).
Matching demand and supply – Both platforms included modalities to facilitate the
matching of demand with appropriate services. To support matching both platforms
provided contact details of types of service providers. However, in both cases this
information appeared to be of limited use. On E-extension local contacts were largely
absent in the system and AEAs preferred to connect farmers to their own local and
personally vetted contacts. In the case of SmartEx more local contacts were provided,
but the results also indicate that existing ties and personal networks dominated
matchmaking. Additionally, the SmartEx platform included the introduction of a new
professional – the tech-savvy agent - whose tasks included facilitating commercial
matchmaking. Although potentially useful from the Grameen perspective, the
remuneration of this new professional remained problematic.
SmartEx also included general reference materials on Good Agricultural Practices (GAPsin text and pictures) for agents to use in response to farmer profiles and queries. This
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information had a generic nature and would have to be tailored to farmers’ needs by
agents. For SmartEx the potential for tailored production advice provision was greater
than in E-extension due to the more refined demand articulation process, but agents did
not intensively use these opportunities as production advice provision received
relatively little attention in practice. As observed the agents selected had limited
agricultural know-how and their role was mainly defined as data collectors and record
keepers as opposed to knowledge providers. In addition, there were problems with
internet connectivity in the field, the pace at which the repository was updated was slow
and traders fostered linkages to DFAD or NGOs who offered similar information through
conventional media. Overall, there was no indication that agents used the repository
frequently.
Innovation process management – Both platforms aimed to foster new forms of
coordination among stakeholders. E-extension aimed to enhance coordination
especially with providers of subsidised inputs through the farm registration system and
SmartEx was geared towards introducing new coordination arrangements among a
range of service providers with agents and traders as linking pins. We already indicated
that both coordination mechanisms faced problems in implementation.
Both platforms also offered learning opportunities in broader networks in the form of
monitoring systems. However, in both cases these monitoring systems were not
intensively used as the platforms facilitated one-way (bottom-up) data flows, so that
AEAs and agents experienced that responses were slow or not forthcoming. Perhaps
more importantly, we observe that they found more suitable new ICT for networking,
learning and problem solving in the form of informal WhatsApp groups and the Plantwise
Telegram group. These discussion platforms were easier to use, did connect expertise
and experience from a diverse membership (e.g., AEAs, researchers, subject matter
specialists, managers, service providers) and frequently yielded immediate responses.
Neither E-extension nor Smart-Ex had functions geared towards conflict resolution.
However, we observe that some AEAs effectively used geo-data and GNSS technologies

98

Innovation intermediation in a digital age

to assist in settling and preventing disputes between ploughing service providers and
farmers over field measurements.
Finally, it must be noted that – even though both platforms paid attention to enhancing
coordination and organisational feedback - it cannot be said that the two new ICT
platforms were geared deliberately towards facilitation of multi-stakeholder
interactions towards socio-technical innovation to replace e.g., face-to-face innovation
platforms or complement virtual knowledge sharing platforms as was the case in the
study of Materia et al. (Materia, Giarè and Klerkx, 2015) in the Italian agricultural
knowledge and innovation system. Thus, in this case, innovation process management
remains much more piecemeal and ad-hoc than might be feasible based on the
organisational goals for the platforms.
The role of decentralised information collection and connective action
Both platforms intended to make extensive use of decentralised information collection
about farmers and their farms, and to a lesser extent about (extension) agent
performance. However, the purposes and features of this data collection diverged from
the idea of using environmental monitoring and citizen science in support of collective
problem solving and innovation (see Cieslik et al., this issue). In contrast to this data
collection was not connected to any scientific ambition, did not involve farmers (or
others) sending in their own contextual information (as in many citizen science projects),
and was neither accompanied by a facilitated process of exchange and social learning to
address collective problems (e.g., combating emerging plant diseases). Instead, it
involved data collection by professionals and modes of one-way communication that
were intended mainly for fostering new forms of coordination (as described above) and
the enhancement of organisational efficiency and effectiveness in delivering services. In
relation to this, decentralised information collection focused mainly on characteristics
and practices of humans (farmers and agents), with only limited attention to monitoring
the kinds of agro-ecological processes implied by the notion of ‘environmental
monitoring’ (Cieslik et al., this issue).
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As explained, the enhanced forms of organisation and coordination strived for had yet
to materialise. Nevertheless, it is interesting to note in the context of this special issue
(see Cieslik et al, this issue) that both projects did seek to capitalise on improved new
ICT connectivity and use decentralised information collection and monitoring in an effort
to change (inter)organisational patterns. This was also true for the Plantwise Telegram
group and the various informal WhatsApp groups that emerged around both the
Government extension service and Grameen project. In these groups enhanced
connectivity did involve the sharing of personalised information (experiences, ideas,
viewpoints, images, etc.) through enhancing interaction of multiple actors virtually in an
effort to achieve collective organisational purposes, more specifically related to
managing issues of uncertainty such as the new threat of the fall armyworm pest. Thus,
there are indications of new forms of organisation emerging that resemble what Bennet
and Segerberg (2012) have labelled as ‘organisationally enabled connective action’ (see
also Cieslik et al., this issue), as the WhatsApp and Telegram platforms were
organisationally embedded and supported, but still facilitated sharing of personal action
frames, information and knowledge with limited organisational moderation. Our
interviews and observations suggest that these relatively simple technologies (running
on standard smartphones and software packages such as WhatsApp) where among the
new ICTs that (extension) agents were more inclined to use.
The interplay of ICT use with the Agricultural Innovation System
We observed that new ICT supported innovation intermediation was affected by various
processes and conditions in the broader social and institutional context.
Clearly, poor literacy and smartphone penetration among farmers (as associated with
poverty) shaped the way in which E-extension and SmartEx were designed, namely with
AEAs and agents (rather than farmers) targeted as direct users. As we observe, the
uptake of direct-to-farmer SMS services too was widely affected by poor literacy.
Moreover, a number of institutional conditions constrained the use of both platforms.
We observe that resource constraints in both the public and private setting affected
100

Innovation intermediation in a digital age

AEAs’ and Grameen agents’ use of the platforms. We also find – especially in the case of
E-extension that supportive organisational arrangements and capacities for technical
problem solving, responding to monitoring reports and ensuring regular renewal and
updating of information were lacking. Thus, the available new technology and
envisioned use were not complemented with appropriate organisational innovations
(e.g., novel organisational arrangements and incentive systems) (Leeuwis, 2013).
Additionally, we observe in SmartEx’s case that pre-existing networks and institutional
arrangements around trade and credit provision were strong. Existing dependencies
between traders and farmers made it difficult for the latter to capitalise on improved
market information, except to ascertain that their designated trader offered fair prices.
Moreover, it was not easy for the newly introduced agents to establish and position
themselves and be valued (also financially) by traders, which raises concern for the
sustainability of Grameen’s intended business model for service delivery.
In relation to sustainability, it is also relevant to note that ICT projects in Ghana tend to
be donor-funded, with more support garnered to platforms with commercialisation
plans. Both E-extension and SmartEx were donor-funded, as was Plantwise.
Coordination between the projects was not self-evident, which is reflected in the fact
that there was duplication in the three platforms’ functions (e.g., farmer registration
systems, databases of service providers and technical repositories). The prevailing
innovation system landscape enabled these parallel initiatives. It is common knowledge
that the often temporary nature of donor funding may influence the attitude with which
stakeholders engage with initiatives, whereby a certain degree of opportunism may
undermine the possibility of interventions becoming sustainable (Moyo, 2009;
Lambrecht and Ragasa, 2016). To be clear, there was no compelling evidence that this is
the case for E-extension or SmartEx. However, the fact that sustainability is a relevant
concern for such platforms is evidenced by a World Bank review of 92 ICT4Ag
applications in developing countries, which demonstrated that only 20 percent of
commercial and 11 percent of non-commercial applications reach the sustainability
stage of business development (Qiang et al., 2012).
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Discussion: Implications for further design, development and research
In this discussion section we first present a comparative summary of platform functions
and user experiences in the form of a table (see Table 4). In this table we summarise and
associate the main findings for both platforms to the appropriate innovation
intermediation roles. This table then serves as a basis for discussing three themes that
merit further reflection, action and research in connection with the future design of new
ICT platforms for agricultural extension. We have grouped these themes in three
categories: 1) the need to embed new ICT in prevailing media landscapes, 2) fostering
coordination and arrangements for sustainability, and 3) enhancing user orientation and
understanding of user initiatives.
Embedding new ICT platforms in prevailing media landscapes – The summary presented
in Table 4 suggests that both E-extension and SmartEx face numerous problems in
facilitating innovation intermediation roles. Thus, there is a big gap between the
expectation that ICT-supported interaction, exchange, networking and monitoring
would enhance the extension systems performance, and the reality on the ground in the
Brong-Ahafo Region. Arguably, we see an opposite influence whereby dominant features
of the existing innovation system make it difficult to capitalise upon the potential of new
ICT platforms. Nevertheless, there are indications that standard social media platforms
such as WhatsApp and Telegram are utilised to enhance particularly innovation process
management. These platforms that are more geared towards multi-actor engagement
are used in, for example, organising effective responses to pests and diseases. However,
further research is needed to analyse such dynamics and assess whether this indeed
involves (organisationally enabled) connective action (see Cieslik et al., this issue).
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Table 4. Comparative summary of platform functions and user experiences
Role
Demand
articulation

Matching
demand and
supply

E-extension
Farmer registration
Limited financial resources to collect basic
locality-specific data

SmartEx
Farmer enrollment and profiling
Limited financial resources to collect detailed
locality-specific data

Function underutilised due to technical
hick-ups and agents’ level of ICT usage
competence
Value chain actors’ website
Personally, vetted local contacts preferred
in value chain linkages

Insufficient incentives for agents to engage in
articulation of individual demands for services

Limited reference to repository based on
AEAs focusing on production advice
provision versus value chain linkages

Limited reference to repository based on
agents focusing on data collection versus
value chain linkages

Suppliers’ and markets repository
Existing ties and personal networks
dominated matchmaking

Technical assistance repository
Limited reference to repository based on
agents focusing on data collection versus
production advice provision
Farmer enrollment and profiling
Limited financial resources to develop
production and credit records
Innovation
process
management

Field visit and occurrence reports
Limited financial resources to collect
monitoring data
Monitoring systems not primed and
underutilised due insufficient data
population
One-way flow of data to HQ demotivated
agents to engage in data collection
Conflicting reporting channels and
guidance hampered data population

Weekly, training and monitoring visit
reports
Limited financial resources to collect
monitoring data
Monitoring systems not primed and
underutilised due to insufficient data
population
Slow responses from HQ hampered agents’
data collection
Production and credit records
Credit and production history underutilised to
negotiate farmer credit with credit providers
as existing trust building mechanisms
prevailed

Our findings also imply that classical media and conventional communication
mechanisms still play an important role in a variety of innovation intermediation
processes and that they have qualities that continue to provide added value in the
current context. This is in line with, for instance, Duncombe’s (2016) assertion that face103

3

Chapter 3

to-face interaction remains critical for both demand articulation and the matching of
such demands with an appropriate supply, in view of the importance of local ties and
the dynamics of trust building. Further, similar conclusions about the continued
importance of interpersonal methods and mass media in contexts of ICT-based service
delivery are arrived at by other authors (Chapman and Slaymaker, 2002; Heeks, 2002;
Livondo et al., 2015). These conclusions include that classical extension agents remain
relevant in knowledge tailoring based on their familiarity with farmers and farmers’
areas of operation, and farmers’ preference for face-to-face interaction in learning (CTA,
2016). All in all, we see that efforts to (re)design new ICT platforms for innovation
intermediation should take into account that such platforms cannot be looked at in
isolation. In relation to this Materia et al. (Materia, Giarè and Klerkx, 2015) and Sulaiman
et al. (Sulaiman et al., 2012) assert that (new) ICT interactions support, complement or
spur real-life interactions to facilitate innovation processes. Therefore, designers should
think carefully about whether or not (new) ICT options are likely to provide added value
vis-a-vis existing communication patterns and explore what combination of media may
– in a given context - be helpful in providing specific services.
Coordination and arrangements for sustainability – A point of contemplation is whether
the existence of several new ICT platforms with areas of duplication, overlap and underutilised complementarities is a problem or to be regarded as an inherent feature of
pluralistic extension systems. From an evolutionary innovation perspective one could
argue that it is beneficial to have multiple initiatives, because competition helps
initiatives to improve quickly and ensure that ‘the best’ initiative survives (Geels, 2011).
However, it is questionable whether this model of thinking applies fully to such a
resource constrained environment. From an innovation systems perspective, one would
also say that there is considerable scope for enhancing complementarity and coherence,
and that there is promise in fostering relationships of resource sharing between public
and private extension organisation and potentially research institutions. This could help
to meet (content and technical) development and maintenance costs of the platforms,
and take advantage of the strengths of public organisations (e.g., collective demand
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articulation, production advice provision, registration) and private parties (e.g., credit
provision, value chain linkages). Such collaboration may also make it easier to develop a
sustainable public-private model for service delivery in which conducive organisational
arrangements for operations, technical support and substantive maintenance are
connected to financial flows. Such considerations are already prominent in the Grameen
project, but clearly the envisaged model is not yet working optimally. Therefore, action
and research might be oriented towards increasing our understanding of the conditions
under which traders, credit providers or farmers might be willing to remunerate agents
for ICT enhanced data collection. Alternatively, it may explore and design altogether
different models that stakeholders find promising.
Enhancing user-orientation and understanding of user initiatives – User experiences
reported in this article suggest that many components of E-extension and SmartEx are
not yet functioning as intended by the designers. To improve the usability of these
systems there is certainly scope for soliciting additional feedback and incorporating this
in the re-design of components of the platforms. Incorporating user feedback into design
is suggested as broader experience with (new) ICT system development shows that
structural involvement of users in the design process can help to discover and
accommodate appropriate information and communication needs (Stewart and Hyysalo,
2008; Stilgoe, Owen and Macnaghten, 2013). At the same time, building on existing
initiatives as opposed to ‘starting from scratch’ can also enhance the usability of (new)
ICT systems (Chapman and Slaymaker, 2002; Heeks, 2009; Hansen et al., 2014).
Therefore, instead of studying how service providers use externally introduced new ICT
platforms, it may be especially informative to analyse (new) ICT initiatives that service
providers themselves take to support their work. In this case we have observed that
there are self-organised WhatsApp groups transforming interaction patterns in
extension systems and that mobile phones are used widely in the interaction between
farmers and service providers. A content and/or network analysis of interactions taking
place through WhatsApp groups or mobile phones may, for example, reveal in more
detail what kinds of needs service providers and their clients have. At the same time, it
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can offer insight into new forms of organisation and collective action that are feasible
and useful in extension (and more broadly) innovation systems. In relation to this, it is
important to note that farmers are not yet widely connected to (or through) such virtual
platforms, even though they are a source of relevant information. Thus, it is interesting
to explore ways of enabling farmers to connect and share with other agricultural actors,
considering that extension (agents) have limited mobility to provide services or collect
information that serves farmers’ interests.
6. Conclusion
There are high expectations regarding the role that new ICT platforms may play in
enhancing the performance of agricultural extension in line with innovation
intermediation in the face of complex challenges. In line with the idea of ‘Environmental
Virtual Observatories for Connective Action’ (EVOCA, see Cieslik et al., this issue), new
ICT supported decentralised information collection and monitoring as well as
connectivity-based modes of organising were expected to play a significant role in this.
The study shows that both public and private sector parties use new ICT platforms to
augment extension service delivery. While both platforms aim to support demand
articulation, matching demand and supply and innovation process management the
level of detail and underlying organisational purposes differ markedly. The public
platform appears mainly oriented towards enhancing organisational efficiency in
production advice provision and the private platform is geared towards testing a new
business model for delivery of a range of commercial services. However, our exploration
of user experiences suggests that both platforms face serious constraints and that new
ICTs’ potential to support innovation intermediation is far from realised. This is not
because new ICTs have no capacity to link people in new ways and make information
accessible, but due to the wider social, organisational and institutional factors that
define the realisation of their potential. These include resource constraints and absence
of supportive organisational arrangements that allow new ICT platforms to operate
smoothly. Another important institutional constraint is that newly introduced business
models have not successfully complemented or competed with pre-existing networks
106

Innovation intermediation in a digital age

and arrangements around trade and credit provision. In light of all this, more
conventional modes of interaction, production advice and credit provision and
communication remain dominant and better adapted to the situation.
In the context of this special issue, it is interesting to note that several efforts to support
innovation intermediation did make use of decentralised information collection,
monitoring and enhanced connectivity to improve service delivery and change
(inter)organisational patterns. However, the form in which this took place differed
meaningfully from what was portrayed by Cieslik et al. (this issue): it involved data
collection by professionals rather than by citizens, information collection about humans
rather than about the ecological environment and it was oriented towards achieving
managerial goals rather than towards supporting joint investigation, agenda setting,
collaborative problem solving and/or collective action. While these efforts were not yet
successful, the rationale behind these intended functionalities was regarded as valuable
by many stakeholders. Moreover, we have seen that service providers made regular use
of informal WhatsApp groups to share personalised content in an effort to achieve
organisational objectives and/or respond to emerging pests and diseases. These
platforms were easier to use than the monitoring systems embedded in E-extension and
SmartEx, were effective in connecting expertise and experience from diverse groups, and
frequently yielded immediate responses. Therefore, there are indications that forms of
‘organisationally enabled connective action’ (Bennett and Segerberg, 2012; Cieslik et al.,
2018) emerge and play a positive role in extension systems.
Enhancing the effectiveness and sustainability of new ICT supported innovation
intermediation will require the resolution of the constraints mentioned, and thus the
design and testing of alternative organisational and institutional arrangements
surrounding these platforms. In addition, we suggest paying attention to user
experiences in re-designing components of the two platforms. Similarly, we propose that
the identification of possibilities for the further enhancement of innovation
intermediation may benefit from a deeper analysis of more informal, inclusive and selforganised initiatives towards (new) ICT use, alongside forming a better understanding of
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the logic and strength of prevailing patterns of interaction and media-use around
production advice and credit provision.
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Abstract
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. In this 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.
Using a variety of qualitative and quantitative research methods, we analysed
the types of content that were exchanged on the platforms, the characteristics
of the networks in terms of the involvement of different actors in sending and
receiving messages, and how such interaction patterns were influenced by
social relations, self-representational interests and organisational set-ups and
rules. The results indicate that both social media platforms are characterised
by relatively centralised network and communication structures, suggesting
that participation in especially sending messages is non-egalitarian. Such
structural features are not very conducive to more complex knowledge
processes such as knowledge integration and for joint problem solving. In line
with this, the analysis of the actual knowledge 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. Moreover, our investigations suggest
that social hierarchies, organisational rules and tactics related to identity
management markedly influenced these patterns of interaction and posed
constraints to open knowledge and information sharing. Nevertheless, the
platforms play meaningful roles in supporting coordination of activities and
information dissemination, and are likely to generate useful input for
knowledge integration and collaborative problem solving in complementary
face-to-face settings.
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1. Introduction
In Ghana and elsewhere, linkages between local agricultural extension organisations and
other organisation (research institutions) that hold relevant expertise are reportedly
weak (Anderson, 2008; World Bank, 2012; Adolwa et al., 2017). This organisational
isolation is a major agricultural sector concern as it limits the quality of extension
services delivered and hampers the kind of interaction and collaboration that is needed
to access, integrate and distribute appropriate knowledge to address challenges that
farmers face (Van Crowder and Anderson, 1997).
Currently, there is renewed emphasis on strengthening these organisational 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 agricultural extension organisations to
respond in new ways (Abrahams et al., 2017; Day et al., 2017; Godwin, Hevi and Day,
2017).
Like much of Africa, Ghana is currently experiencing an (new) Information and
Communication Technology (ICT) revolution that has rapidly transcended the analogue
and broadcasting-oriented media landscapes (World Bank, 2011). New ICTs include
social media17, such as Facebook and WhatsApp as well as Short Message Services (SMS),
Interactive Voice Response (IVR) mobile applications, and mobile data collection and
storage applications (Lister et al., 2003). Such new ICTs have revolutionised how people
communicate and connect (Ahmed et al., 2019), for instance social media technologies
are to able foster user-driven online networks for multi-actor engagement and
interconnectivity (Bennett and Segerberg, 2012; Hansen et al., 2014; Cieslik et al., 2018;

17

“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 C. K. Coursaris, 2013:700)
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Munthali et al., 2018; Fielke, Taylor and Jakku, 2020). New ICTs present opportunities
for local extension organisations to connect with relevant expertise through more
informal networks18. Local extension organisations may for example utilise online
networks alongside formal organisational communication 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: multi-actor discursive spaces that side-step an organisation’s official
communication chain 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 the
use of social media for knowledge sharing is a promising new research area, a better
understanding of the processes involved is required (Phillips, Klerkx and Mcentee, 2018;
Ahmed et al., 2019; Fielke, Taylor and Jakku, 2020). Related to this call Osch and
Coursaris (2013) in their review on ‘organisation social media’, 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
18

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 is also characterised by
decentralised coordination which hampers these exchanges (Labarthe and Moumouni, 2008).
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forms of collaboration and professional activities than knowledge sharing, alongside
understanding how organisations use social media to meet their goals. These other
forms of collaboration and professional organisational uses include knowledge coproduction, learning, innovation, monitoring, relationship building, lobbying, advertising
and marketing (Van Osch and Coursaris, 2013; Hansen et al., 2014; Kane et al., 2014b;
Ahmed et al., 2019).
Nonetheless, within the limited literature Materia et al. (2015) provide 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)19. They establish that online virtual platforms play a
complementary role of initiating or supporting real-life interaction in facilitating
knowledge sharing and learning between researchers and extension service providers.
Other authors, in Latin America and South Asia respectively report a similar
complementarity between conventional communication methods and new ICTs in
knowledge sharing (Perez-Perdomo, Klerkx and Leeuwis, 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 (organisation) driven platforms for knowledge sharing based on
their findings that most organisations in South Asian agricultural systems are still
operating in a linear technology transfer manner and that their (new) ICT designs
reinforce this approach rather than enable broader stakeholder interaction.
Overall, the literature suggests that user-driven new ICT platforms have the potential to
facilitate improved ways of knowledge sharing when complemented with conventional
communication methods. However, African studies on this topic are scarce, and there is
a general lack of insight into the contribution of social media platforms to function as
Organisations involved in agricultural extension, research and education (Adolwa et al., 2017) as well as farmers,
scientists and extension staff (Klerkx, van Mierlo and Leeuwis, 2012).
19
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open communication spaces that support extension organisations and their immediate
contacts in knowledge sharing, and broader forms of collaboration. This article aims to
address this gap, and also contributes to the limited literature on the back-office
activities of local extension organisations (Dhiab, Labarthe and Laurent, 2020), by
studying the contribution of two linked social media messaging platforms in Ghana (one
affiliated to an extension organisation and the other to a research institution) to
enhancing information sharing, interaction and problem solving in the context of a newly
emerging pest, fall armyworm that severely affected Ghana in the 2016/2017 farming
season.
2. Analytical framework
Our study focuses on communication and interaction within extension organisations and
among extension staff and applied researchers with expertise in pest management 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’ interactions along three
dimensions. The first dimension relates to the type of content being exchanged in
interaction (the substantive dimension). The second dimension relates to ‘who
communicates with whom’, the structural dimension of interaction in the network that
reflects on whether open 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 introduce the research questions following from this.
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
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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, control
measures, etc.). In relation to such substantive exchanges, we recognise that the level
of complexity involved in the various knowledge 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 integration and the co-creation of solutions
normally require open discussion and knowledge sharing among actors with diverse
perspectives and experiences (Aarts and van Woerkum, 2005; Phillips, Klerkx and
Mcentee, 2018). In this study, therefore, we explore the actual knowledge processes and
substantive exchanges that are enacted on the social media messaging platforms.
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 processes, it 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 in 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 amongst a set of
actors (individuals, groups and organisations): 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., authority or power,
association or affiliation, kinship and descent, transactional or communication relations
(Wasserman and Faust, 1994; Knoke and Yang, 2011). As is detailed below, the
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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 that is based on the concept of open innovation. Chesbrough et
al. (2006) define open innovation as a firm’s process of (re)combining knowledge or cocreating it with a variety of stakeholders external to the firm to accelerate interorganisational innovation and to expand the external use of innovation. The
opportunities for online networking presented by social media (Haythornthwaite, 2002)
may foster enhanced multi-actor engagement through the creation of new inter and
intra organisational linkages as well as facilitate the emergence of open communication
spaces that could support a variety of knowledge and information processes, including
the opportunity to share and discuss information of various kinds amongst actors. 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 channels through which messages may be transmitted” (Knoke
and Yang, 2011: 8).
Network and communication structure
We identify to what extent the actors’ connections (interactions) on the online social
media platforms are (de)centralised, which simultaneously 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-routine20 problem solving, whilst a centralised network
20

“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 common
problems which have a well-known solution space,”(Klerkx and Proctor, 2013: 16).
119

4

Chapter 4

supports information dissemination and diffusion (Carolan, 2014a) - useful in routine
problem solving. This shows that network structure is closely related to ‘communication
structure’: that is, 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 social media
platforms the idea of network structure is by definition synonymous to communication
structure since we study the exchange of messages; in other contexts there may also be
other types of exchanges in the network (e.g., financial, goods, etc.). Figure 1 visualises
and describes 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 meaning of these two terms in the context of social
media interaction discussed above.
Network structure | Communication structure
Decentralised
This structure facilitates a many-to-many
communication flow. Therefore, each
member has equal access to the
information shared in the group and the
Fully connected

freedom to communicate with any other

Open

group member.
Centralised

This structure facilitates a one-to-many
and vice versa communication flow.
Therefore, a single person or few
individuals are pivotal and supply

Star

information to the other members, and

Wheel

the other members engage with these
central actors.

Source: Bicsi, 2002; communicationtheory.org 2020
Figure 1. Centralised and decentralised network structures and associated communication structures

The relational dimension: social factors influencing dynamics of interaction
The content and structure of communication and interaction on social media platforms
may be influenced by various types of social factors. This reflection is based on the
notion that society and technology mutually shape each other (Scarbrough, 1992),
whereby social interests and dynamics of power are likely to play a role. Therefore,
120

Social media platforms, open communication and problem solving at
the interface of research and extension in Ghana

beyond the technological potential of new ICTs to open opportunities for and incite new
types of communication, we view technologies and organisations as intertwined based
on two considerations.
Firstly, social roles and identities (e.g., supervisor, subordinate or expert, non-expert,
etc.), and related authority or responsibility configurations, may influence dynamics of
interaction on the platforms (Jones et al., 2006) in ways that open up or close down open
knowledge and information sharing. According to Halliday (1994), actors in interaction
assume 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 dialogue, 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 identities may enable or constrain
the conversational moves (types of messages) 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 (face-to-face) 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, strategies and set-ups may
impact communication and interaction on social media platforms. In connection with
this we need to consider that organisations involved in technology development or
application make design choices (Williams and Edge, 1996), either intentionally or
unintentionally. This implies that there is scope for organisations to shape new ICTs’
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design to a preferred purpose and outcome, modelling them to fit their existing
organisational structure and associated chain of communication (MacCormack, Baldwin
and Rusnak, 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 (WhatsApp and Telegram) to facilitating open
communication to support knowledge processes and collaborative problem solving
among extension staff and applied researchers in the context of a newly emerging pest
(fall armyworm). More specifically, this study aims to establish:
1) The type of content shared on the platforms: what kinds of knowledge and
problem solving processes take place on these platforms, and what is the content
of the information 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?
3. Methods
In this section we provide insight into the emergence of fall armyworm 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.
Emergence of fall armyworm
Research and extension in Ghana are under pressure to respond to new challenges
emerging in the agriculture sector as a result of climate change (McIntrye et al., 2009).
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The emergence of the fall armyworm pest in the Ghanaian maize farming system is an
example of one of these challenges. Fall armyworm is a pest with origins in the Americas
that 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 during the farming season 2016/2017. 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 new pest
not only introduced shocks and uncertainty into the Ghanaian maize farming system,
but also put pressure on extension and research organisations to monitor real-time pest
occurrences, establish appropriate pest control measures and roll out a mitigation

4

strategy speedily (Abrahams et al., 2017).
Case selection and description
During 2017, when efforts to respond to the fall armyworm infestation were in progress,
the research team was simultaneously studying the application of new ICTs by public and
private extension organisations in the Brong-Ahafo Region. During this period we
identified two linked social media messaging platforms that were in use by the MOFA Wenchi District Food and Agriculture Department (DFAD) (the public extension
organisation) and the Plantwise Programme of the Centre for Agriculture and Bioscience
International (CABI), Ghana. The platforms were linked as select extension agents of the
MOFA-DFAD were members of both platforms.
MOFA-DFAD WhatsApp platform
The MOFA-DFAD is a public extension organisation that engages in frontline diagnosis of
crop pest and diseases, and advises farmers (and other agricultural 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 (DAO – see description below), it was primarily developed for social purposes
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and later unofficially adapted to improve information flows between DFAD managers
and extension agents.
The entire DFAD staff of 34 persons21, comprising extension field staff and managers,
were included on the platform (Figure 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 District
Agricultural Officers (DAOs) who are specialised middle management officers that are
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
agricultural marketing officer. The other actors on the platform were finance and
administrative staff.
Director
1 (3%)

Other
2 (6%)

District
agricultural
officer
8 (24%)

National
service
personnel
6 (18%)

Youth
extension
agent
8 (24%)

Agricultural
extension
agent
9 (26%)

Figure 2. MOFA-DFAD WhatsApp platform actor composition

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
21

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.
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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 to
pests and diseases. CABI works with a national implementing 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. 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 23022
actors on the CABI-Plantwise Telegram platform (Figure 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:
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.

22

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, new plant doctors or specialists, were
included on the platform. For unknown actors, these could be attributed to already existing platforms actors rejoining the platform with new numbers.
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Subject
matter
specialists
36 (16%)

Unknown
21 (9%)

District
agricultural
officers
14 (6%)

Agricultural
extension
agents
159 (69%)

Figure 3. CABI-Plantwise Telegram platform actor composition

Data collection and analysis
Data collection for the study 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.
Accessing records of platform actors’ interaction
Permission was requested from the organisations above to observe interaction on the
platforms. Permission was granted by the organisations 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.
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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 (Srivastava 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 (e.g.,
commands and act acknowledgements) (Halliday, 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: 158 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 Figure 5 and 6).
In addition, we applied social network analysis to the interaction data to determine the
network-communication structure of the platforms. 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 Figure 4). We uploaded the adjacency
tables onto Gephi graph visualisation software.
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Nodes

Edges

Figure 4. Example network nodes and edges adjacency table

Using Gephi software we calculated and visualised three measures, based on certain
assumptions and conditions, to determine the network-communication structure of the
platforms (Table 1). Firstly, at network level we calculated and visualised network
density to establish the extent to which all the potential connections between platform
actors were present in the network (Farr, Reed and Pejchar, 2018). This measure served
as an indicator of platforms actors’ general level of interconnectivity. Secondly, at node
level, we calculated the clustering coefficients of all platform actors and visualised them
as distributions to establish the actors’ “tendency 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.
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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).

Assumptions/
conditions

1 and 2

Type of network-communication structure
Centralised
Decentralised

Low
X < 0.6

High
X ≥ 0.6

High network density shows that networks actors
are densely interconnected.
Node level of analysis
Clustering coefficient for in-degree and outdegree: 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. This coefficient can be measured in
terms of in-degree (related to receiving messages)
and out-degree (related to sending messages).

4

1, 3, 4, 5, 6
and 7

≥ 60% of nodes =
X < 0.6

≥ 60% nodes =
X ≥ 0.6

Long-tale
distribution

Egalitarian
distribution

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 distribution: the degree is the number of
connections for each node. These connections can
be measured as in or out-degrees.
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.

1,4,5,6 and 7

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 messages sent by unknown actors (unidentified actors).

Source: authors with insights from Carolan, 2014
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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 visualisations, we determined the type of distribution for
the in-degrees and out-degrees of the platforms.
User survey
Aside from the content analysis and social network analysis we conducted a
complementary online survey to gain insight into how platform actors experienced
interaction on each platform. The survey questionnaire was developed with insight from
key informant interviews with senior managers from each organisation, the platforms’
initiator and administrator, and two extension agents from the DFAD that were on both
platforms. These interviews provided preliminary insight into two broad areas: 1) the
general use and perceived value of the platforms when compared to prevailing
communication mechanisms for specific organisational activities; and 2) factors seen as
hampering or enabling interaction on the platforms. The insights from the key informant
interviews were used to formulate questions and statements on which a broader
selection of platform users could indicate their level of (dis)agreement using a five-point
Likert scale. The questionnaire also included open ended questions to capture
unprompted views from respondents on the above topics. It was expected that these
user evaluations could support the interpretation and explanation of the observed
dynamics of interaction over the platforms as well as highlight the value of the platforms
for users.
The survey response rate was 77.1 % (27 of 35) for the DFAD staff and only 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 for valuable insights into user
perceptions of the Plantwise platform’s function and interactional dynamics. Data from
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the online survey were analysed using the automated analytics of Google Forms,
generating descriptive statistics.
4. Findings
In this section, research findings are presented under sub-sections that relate to the
study objectives.
Content exchanged on the platforms
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 occurrences and official notifications of a pest/disease threats. The 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-work-related messages.
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Table 2. Categories of messages shared on the MOFA-DFAD WhatsApp and CABI-Plantwise Telegram platform
Categories of messages

Knowledge sharing for
problem solving

Knowledge
dissemination
Pest/disease
monitoring
Notifications

Social

shared over platform

Type of messages

MOFA-DFAD
WhatsApp
platform

CABI-Plantwise
Telegram
platform

Knowledge gap stipulation
Pest/disease identification
Prescription provision
Practical problem stipulation
Practical problem solution
Lectures
Working solution sharing
Technical information sharing
Innovation sharing
Pest/disease occurrence
Pest/disease alert
Activity annoucement
Practical annoucement
Agricultural news/update
Directive
Field activity report
Joke
Inspirational message
Crime alert
Bible quotation
Job advertisement
Non-agricultural news
not shared over platform

There were distinct differences in the main categories of messages shared on the
platforms (see Figures 5 and 6). The DFAD platform was dominated by ‘social’ messages.
Moreover, in relation to extension service delivery, ‘notifications’ were the main
category of messages shared on this platform (Figure 5). According to some DFAD staff
socialising played an important role on this platform. In the survey, two DFAD staff stated
that socialising relieved tension on the platform and motivated actors to engage.
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Knowledge
sharing for
problem
solving, 45

Knowledge
dissemination,
15
Pest/disease
monitoring, 7

Social, 372

Notifications,
166

Figure 5. Proportions category of messages shared on the MOFA-DFAD WhatsApp platform
Social, 5

4

Notifications,
114
Knowledge
sharing for
problem
solving, 295

Pest/disease
monitoring, 32

Knowledge
dissemination,
23

Figure 6. Proportions category of messages shared on the CABI-Plantwise Telegram platform

On the Plantwise platform, most of the messages fell under the category ‘knowledge
sharing for problem solving’ (Figure 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’.
Platforms’ perceived usefulness in supporting knowledge processes in fall armyworm
management
In addition to the observed substantive exchanges, platform users also expressed their
views on the value attached to each platform. In general, the survey data revealed that
the professional value DFAD staff attached to the WhatsApp platform was broader than
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the earlier observed emphasis on exchanging ‘notifications’ (see Figure 5 and Table 3).
Aside from improving coordination of extension field activities, a very high percentage
of respondents (strongly) agreed the platform’s value also lay in enabling personal
learning (91.3%), improving pest identification skills of staff (82.6%) and disseminating
pest and disease threats speedily (95.7%).
Table 3. Actors’ perceptions of value of MOFA-DFAD WhatsApp platform
Value
statements
Improves information
flow in office
Enhances team
coordination
Cheaper method of
information exchange
Enables personal
learning
Improves pest/disease
identification of staff
Faster dissemination of
pest/disease threats
Faster method of field
monitoring
Faster method of
receiving field (activity)
reports

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree
%

100.00

0

0.00

0

0

0.00

9

100.00

0

0.00

0

0

0.00

10

10

86.96

3

13.04

0

0

0.00

10

11

91.30

1

4.35

1

0

4.35

10

9

82.61

2

8.70

0

2

8.70

14

8

95.65

1

4.35

0

0

0.00

7

10

73.91

2

8.70

3

1

17.39

11

11

95.65

0

0.00

0

1

4.35

Strongly
agree

Agree

14

9

14

(Strongly)
Agree
%

Similarly, the Plantwise platform survey data revealed that the perceived value of the
platform was broader than the dominant usage observed. The most highly appreciated
contribution related to improving the knowledge base of users, which arguably links well
with the observed emphasis on knowledge sharing for problem solving (see Figure 6 and
Table 4). Here too several other value statements were responded to in a highly positive
manner (agree or strongly agree), including enabling personal learning (90.9%),
facilitating timely identification of pest risks (80%), responding to these risks (83.6%) as
well as facilitating a cheaper mechanism of responding to pest/disease threats (78.2%).
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Table 4. Actors’ perceptions of value of CABI-Plantwise Telegram platform
Value
statements
Enables personal
learning
Enhances knowledge
base of plant protection
staff/AEAs
Improves pest/disease
diagnosis and controls
provided by plant
protection staff/AEAs
Cheaper method of
providing refresher
training
Faster identification of
pest/disease risks
Faster responses to
pest/disease risks
Cheaper method of
responding to
pest/disease threats

Strongly
agree

Agree

(Strongly)
Agree
%

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree
%

22

28

90.91

3

5.45

2

0

3.64

31

22

96.36

2

3.64

0

0

0.00

30

19

89.09

6

10.91

0

0

0.00

20

23

78.18

9

16.36

3

0

5.45

25

19

80.00

11

20.00

0

0

0.00

21

25

83.64

8

14.55

1

0

1.82

19

24

78.18

7

12.73

4

1

9.09

In relation to fall armyworm management, the perceived value of both platforms lay in
early detection of the new pest, alerting and raising awareness of stakeholders, 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
the fall armyworm infestation would be managed. Another key informant from PPRSD
added that once appropriate control measures for the pest were established by the
stakeholder meeting, awareness creation on the pest and dissemination of its 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 identifying or diagnosing fall armyworm
and the DFAD platform in the form of technical information sharing messages and
bulletins. Another key informant from PPRSD and the two extension agents interviewed
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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.
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
(Figure 7). 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 (Figure 8). However, despite the DFAD platform having higher
interconnectivity than the Plantwise platform, both platforms scored a low network
density that was less than 0.6.

Network density undirected: 0.3; Network size: 38
Figure 7. Network density MOFA-DFAD WhatsApp platform
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Network density undirected: 0.01; Network size: 235
Figure 8. Network density CABI-Plantwise Telegram platform

In relation to the clustering coefficient distributions of the platforms, we observed for
the in-degree distribution that all nodes (actors) in the DFAD platform had a high
clustering coefficient greater than 0.6, while this was also true for most nodes (actors)
in the Plantwise platform (Figure 9 and 10). 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. Collectively these findings
indicate that both networks had a decentralised and open structure when it comes to
receiving messages from others in the network.
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Figure 9. In-degree and out-degree clustering coefficient distribution MOFA-DFAD WhatsApp platform
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Figure 10. In-degree and out-degree clustering coefficient distribution CABI-Plantwise Telegram platform

However, in relation to the out-degree clustering coefficient distribution the data for
both platforms revealed that most actors had a low clustering coefficient - lower than
0.6 (Figure 9 and 10). Additionally, 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 outdegrees 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
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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 distribution values were evenly distributed over the different
types of actors – as reflected in a limited variation in node sizes in each network (Figure
11 and 12). Therefore, for both platforms there were no particularly prominent nodes
or actors in the network with regard to receiving messages.

4

Managers

Extension field staff

Unknown

Number of in-degrees: 1004; Average in-degree: 25.69
Figure 11. In-degree distribution visualisation MOFA-DFAD WhatsApp Platform
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Specialists

Extension staff

Unknown

Number of in-degrees: 23226; Average in-degree: 98.83
Figure 12. In-degree distribution visualisation CABI-Plantwise Telegram Platform

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 (Figure 13 and 14). However, the average outdegree for the DFAD platform was much higher than that of the Plantwise platform,
suggesting a relatively more egalitarian participation in sending messages 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 Figure 14).
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
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average out-degree clustering coefficient, relates to the social nature of the DFAD
platform (see Figure 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 substantial proportion of survey respondents (20 of the 55) stated they
were motivated to post messages when they had a problem that was beyond their

4

capabilities.

Managers

Extension field staff

All

Unknown

Number of out-degrees: 361; Average out-degree: 8.81
Figure 13. Out-degree distribution visualisation for the MOFA-DFAD WhatsApp platform
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Specialists

Extension staff

All

Unknown

Number of out-degrees: 560; Average out-degree: 2.37
Figure 14. Out-degree distribution visualisation for the CABI-Plantwise Telegram platform

Finally, our network analysis suggests that for both platforms, the 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 established that the platforms possessed centralised
network and communication structures - suggesting that platform users participation in
especially sending messages over the platforms was non-egalitarian. Therefore, the
platforms did not facilitate open communication spaces. However, the user survey
indicated that platform actors did not only value and use the platforms for interaction.
Instead, many 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.
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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 (notifications for purposes of management and
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 CABI-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 specialists and extension staff.
Key relationships and knowledge sharing for problems solving
Although the DFAD platform was dominated by other forms of usage, it also had
significant ‘knowledge sharing for problem solving’ activity (see Figure 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 Figure 15 – results bars ‘knowledge gap stipulation response’
and ‘practical problem solution’ combined). Hence, horizontal exchange among
extension field staff was limited.
14
12
10
8
6
4
2
0
Knowledge gap
stipulation

Knowledge gap
stipulation
response

Pratical problem
stipluation

Extension field staff

Practical problem
solution

Managers

Figure 15. Extent actors posted initiating and responding message related to knowledge sharing for problem
solving on the MOFA-DFAD WhatsApp platform
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DFAD key informants expressed that active participation of DAOs in these activities could
be attributed to the fact that DAOs were subject matter specialists that extension field
staff were required to consult regularly. In line with this, most DFAD staff (>60%)
expressed in the user survey that the main factors that hindered field staff from
participating in knowledge sharing was that field staff were inclined to give actors with
expertise (managers) the space to advise out of respect and also that field staff were
concerned about providing wrong answers in the presence of superiors (managers) (see
Table 5). 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 conversations.
Table 5. Reasons for actors’ inactivity on MOFA-DFAD WhatsApp platform
Reasons for actors’
inactivity
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 refuted by
specialists
Feel knowledgeable
actors dominate
discussion making it
difficult to engage

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree
%

43.48

8

34.78

4

1

21.74

11

65.22

5

21.74

3

0

13.04

3

11

60.87

4

17.39

3

2

21.74

3

8

47.83

5

21.74

5

2

30.43

3

10

56.52

3

13.04

6

1

30.43

Strongly
agree

Agree

2

8

4

(Strongly)
Agree
%

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
solutions 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 (Figure 16).
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Figure 16. Extent actors posted initiating and responding messages related to knowledge sharing for problem
solving on the CABI-Plantwise Telegram platform

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 problems posted on the platform. Furthermore, despite extension agents
playing a prominent role in solution provision on the platform, most survey respondents
(>60%) 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 (Table 6). Additionally, a subject matter specialist
stated that specialists were less inclined to post problems on the platform as this might
jeopardize their reputation as a highly knowledgeable person.
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Table 6. Reasons for actors’ inactivity on CABI-Plantwise Telegram platform
Reasons for actors’
inactivity
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 refuted by
specialists
Feel knowledgeable
actors dominate
discussion making it
difficult to engage

Neutral

Neutral
%

Disagree

Strongly
disagree

(Strongly)
Disagree
%

34.55

11

20.00

20

5

45.45

29

60.00

16

29.09

6

0

10.91

10

19

52.73

14

25.45

10

2

21.82

5

20

45.45

12

21.82

15

3

32.73

5

19

43.64

15

27.27

15

1

29.09

Strongly
agree

Agree

6

13

4

(Strongly)
Agree
%

Key relationships and professional notifications
Turning to the ‘supervisor and supervisee’ relationship on the platforms, we established
that on the DFAD platform, managers (the director and DAOs) as supervisors not only
played an active role in making announcements and posting directives, but also played
a greater role in acknowledging and responding to posts than their subordinates
(extension field staff) (Figure 17).
Activity annoucement
Activity annoucement acknowledgement
Directive
Directive acknowledgement
Practical announcement
Practical annoucement acknowledgment
Activity report
Activity report acknowledgement
0
Extension field staff

10

20

30

40

50

60

70

Managers

Figure 17. Extent actors posted initiating and responding messages related to notifications on the MOFA-DFAD
WhatsApp platform
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Directive
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Figure 18. Extent actors posted initiating and responding messages related to notifications on the CABI-Plantwise
Telegram platform

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 (Figure 18).
5. Discussion
Central to this study is that social media messaging platforms present opportunities for
extension and research organisations to enhance their interaction and collaborative
problem solving. We studied how two such organisations use social media messaging
platforms: investigating the contribution of these 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 different organisational
purposes and the corresponding set of actors involved in the networks. Secondly, we see
that the network-communication structure of the platforms is relatively centralised and
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non-egalitarian, especially when it comes to actors sending messages to others on the
platforms. Therefore, the platforms do not function as the kind of open communication
spaces that are deemed conducive for knowledge integration 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 observations and discuss
their implications.
Organisation design choices and the role division between content shared over the
platforms and other media
Despite the opportunity for both organisations to facilitate open communication spaces
through the social media platforms, the organisations defined more specific platform
purposes with regard to supporting substantive exchange, and in relation to this they
select specific actors as participants. As a result, the two organisations have a different
emphasis in terms of the knowledge and problem solving processes that are supported
and take place on the platforms (Table 7). The DFAD platform serves mainly 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 platform has a broader national actor composition and focuses
on knowledge sharing among specialists and extension staff to bridge extension agents’
knowledge gaps. Thus, we see that the platforms serve selected purposes and -at the
substantive level- do not operate as an open communication spaces where varying
content can be exchanged.
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Table 7. Substantive knowledge and problem solving processes taking place on the MOFA-DFAD WhatsApp
platform and CABI-Plantwise Telegram platform
MOFA-DFAD
WhatsApp
platform

Knowledge and problem solving process

CABI-Plantwise
Telegram
Platform

Knowledge demand identification
Knowledge co-creation
Knowledge integration
Joint problem solving and decision making
Knowledge diffusion
Individualised problem solving
Information dissemination and coordination
Knowledge storage
occurs

occurs with high intensity

does not occur

These findings indicate that even though new ICTs present opportunities for new forms
of interaction, organisations shape their application (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 network in a meaningful way
(Hamilton, Rosenberg and Akcaoglu, 2016). Collectively the platforms support a broad
set of knowledge processes. Similar to Osch and Coursaris’ findings (2013), the platforms
support knowledge sharing for resolving problems of individual extension agents, and
also enhance information dissemination to improve the coordination of last mile
extension service delivery and enable more timely pest/disease monitoring. Moreover,
it can be observed that the platforms are complimentary in supporting knowledge
sharing within and between organisations or - phrased differently- can be seen to
support the development of different forms of social capital (Cofré-bravo, Klerkx and
Engler, 2019). The extension agents that are on both platforms can access new
knowledge sources and fresh insights from the CABI-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, Klerkx and Engler, 2019).
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The organisations’ selective social media platform application responds to gaps within
an existing landscape of communication and interaction mechanisms at the interface
between research and extension, 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 complimentary fora
used to discuss emerging problems that are identified over the platforms and to chart
mitigation strategies. These findings highlight the continued relevance of face-to-face
interaction for more complex knowledge processes and collaborative activities (Krone,
Schumacher and Dannenberg, 2014; Aker, Ghosh and Burrell, 2016). Furthermore, the
findings indicate that linking conventional communications methods with new ICTs can
support inter-organisational innovation and improve collective performance (Materia,
Giarè and Klerkx, 2015; Hage and Noseleit, 2018).
In terms of future research, mapping and visualising the configuration of conventional
communication methods and new ICTs used within and between research and extension
organisations (and at broader interfaces in the AKIS) can help to better understand their
role and complementarity in supporting interaction related to knowledge processes and
problem solving.
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 coefficient for most actors. Assuming that more complex knowledge and
150

Social media platforms, open communication and problem solving at
the interface of research and extension in Ghana

problem solving processes such as knowledge integration and joint problem solving
require contributions from a variety of sources, we see that this network–
communication structure alongside the selective actor composition on the platforms
closes down opportunities for the platforms to support these processes (see also Table
7). In actual practice 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 kinds of 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 integrative 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 directed at them (Aarts
and van Woerkum, 2002), and are faced with a form of competition among actors
engaging in providing answers and solutions (Thomas and Kilmann, 2008).
However, we see the platforms’ network-communication structure supports other and
less complex substantive knowledge processes (see Table 7). The observed network–
communication structures are better suited for supporting knowledge diffusion in
response to extension field staffs’ localised problems as well as for supporting platforms
actors in individual-centred learning. Additionally, the prevailing communication
patterns seem to adequately support information dissemination for coordination i.e.
organising extension related activities and even pest/disease monitoring.
The findings above point to the inappropriateness of the social media platforms to
directly support more complex knowledge processes and problem solving activities at
the interface between extension and research. Further the findings also confirm earlier
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research indicating that centralised networks 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). Further, the findings
resonate with non-deterministic perspectives that are optimistic with regard to the
partial adoption of technology in a particular context (Scarbrough, 1992; Colfer and
Baldwin, 2016). This is in line with the observation that organisations shape and
constrain (ICTs) technology design and application (MacCormack, Baldwin and Rusnak,
2012; Munthali et al., 2018).
Finally, it is relevant to note that while the platforms have a similar network–
communication structure, the Plantwise platform’s is relatively 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 professionally oriented
messages. In more qualitative terms, one could regard the Plantwise platform as more
‘open’ in the sense that it facilitates inter-organisational linkages and accommodates
actors with less defined hierarchical relationships, while the DFAD platform only includes
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 could analyse
network-communication structures and levels of centralisation therein for different
categories of messages.
The influence of social roles, identities and interests on platforms’ interactional
dynamics
Social roles were found to constrain the freedom of sharing information and discussion
on both platforms. Besides affecting whether and how participants respond to messages
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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 solving, and more to
posting problems, to give room to DAOs and specialists on the DFAD and Plantwise
platforms to perform this task respectively. Despite this view of the 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, these dynamics are not clearly exhibited as some
specialists on the platform are deterred from posting problems as they are of the view
that their designation confines them to providing solutions. Moreover, 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 Halliday’s (1994) perspective. However, there are indications
that the peer-to-peer exchange was enabled by the circumstance that there were only
few specialists on the platform, which 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, 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,
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possibly because it supports inter-organisational linkages so that hierarchal relationships
may have been less obvious and immediate 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 selfrepresentational 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 – as already
indicated - 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 were 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 suggested that both platforms
had a structure that was likely to limit information sharing - with the Plantwise
platform’s structure constraining 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. Similarly, our findings suggest that it may be relevant to
analyse network-communication structures for each category of messages identified on
the platform and the associated actors involved in these substantive exchanges.
6. Conclusion
The starting point of this study was that social media platforms may present
opportunities to enhance knowledge flows and problem solving processes at the
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interface of extension and research in the context of new agronomic challenges,
potentially serving as open communication spaces where actors can freely share content
and engage in decentralised and egalitarian forms of interaction. We explored how social
media messaging platforms were applied in an agricultural extension organisation 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, resulting in a much greater attention for socially
oriented exchanges on the more informal, internal platform operated by DFAD staff. In
contrast, the Plantwise platform operated by CABI was deliberately steered towards
professional communication relating to pest and disease management across
organisations. Despite the differential organisational purposes and degrees of formality,
both platforms were highly valued by users for their contribution to disease detection
and dissemination of relevant information on disease control. This indicates that social
media platforms of various kinds may play useful roles in dealing with newly emerging
challenges. Zooming in on the content of the professional exchanges that occurred on
both platforms, we see that these are clearly linked with the emerging network–
communication structures. Both platforms exhibited a network-communication
structure that was relatively centralised and non-egalitarian especially regarding actors
sending messages to others over the platforms. On both platforms, only few actors
contributed to providing content which is not conducive to more complex knowledge
processes such as knowledge integration and joint problem solving which typically
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require contributions from a variety of sources. Analysis of the knowledge processes
taking place indeed suggests that the platforms were used more for knowledge and
information dissemination as well as for the distribution of notifications in support of
organisational management and coordination. Even so, it is clear that the platforms were
intensively used and contribute to a number of important processes at the interface of
extension and research. Moreover, it is clear the platforms do not operate in isolation of
other modes of communication, and there are indications that exchanges on the
platforms serve as an input in fora for face-to-face interaction where more in-depth
discussion takes place. Thus, there is complementarity between social media messaging
platforms and other media. This demonstrates that one cannot solely rely on social
media platforms when complex challenges emerge and that additional efforts and media
are needed to access and integrate diverse expertise.
The prevailing network-communication structures of the platforms appeared to be
related to social hierarchies and micro-political interests and strategies at play during
the interaction. Although there were differences between the platforms, it was clear
that interactions were influenced by the prevailing idea 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. Simultaneously, such views influenced the content of the knowledge and
problem solving processes taking place on the platforms. The more qualitative analyses
of interaction patterns also suggest that there were meaningful differences between the
two platforms, even though the platforms had similar network–communication
structures in quantitative terms. Such quantitative similarities, therefore, cannot be
taken at face value as they may conceal differences in content shared or differential
interaction patterns per type of content messages posted on the platforms. Thus, it is
important to understand the hierarchies and micro-political interests that may play a
role in a specific context and anticipate these when developing social media platforms.
When peer-to-peer exchange is deemed important, for example, one may need to create
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separate social media spaces where superiors are not present or devise specific rules of
engagement that are to the advantage of people with lower social status.
Overall, the above findings suggest that social media messaging platforms may play
useful roles in the context of newly emerging agronomic challenges, but do not function
as open communication spaces since there are clear limitations in the types of
professional content that can be meaningfully shared, and there exist constraints that
prevent participants from equal participation in sending messages and sharing content.
Moreover, the study indicates that the contribution of new ICTs to strengthening
exchange within and among extension and research organisations can only be
understood contextually, and with due attention to the interplay between the nature of
the challenge at hand, the substantive 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.
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Appendices
Appendix 1. Detailed coding scheme based on Halliday’s functional-semantic view of dialogue
Initiating
moves

Categories of messages

Responding
moves
Pest/disease identification

Knowledge sharing for
problem solving

Knowledge gap stipulation

Prescription provision

Practical problem stipulation

Knowledge gap stipulation response
Practical problem solution
Lecture acknowledgement

Lecture

Lecture clarification
Lecture addition

Knowledge dissemination Working solution sharing
Technical information sharing
Innovation sharing

Working solution clarification
Technical information sharing
acknowledgement
Innovation sharing interest

Pest/disease occurrence
Pest/disease monitoring

Pest/disease occurrence note
Pest/disease occurrence clarification
Pest/disease alert note

Pest/disease alert

Notifications

Working solution interest

Pest/disease alert clarification

Directive

Directive acknowlegdement

Activity announcement

Activity annoucement acknowlegdement

Practical announcement

Practical annoucement acknowlegdement

Activity report

Field activity report acknowlegdement

Agricultural news/update

Ag news comment

Jokes
Inspirational quote
Social

Crime alert

Social message response

Job advertisement
Non-agricultural new
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Abstract
Fall armyworms’ emergence in Ghana’s maize farming system, in 2016,
exemplifies the consternation and new challenges that climate change
introduces to farming systems. In such situations where farmers lack
experience with a pest and have the urgency to mitigate crop losses, they
quickly need to mobilise new information and other resources to manage the
pest. Farmers require different types of information (pest alerts, pest
identification and pest control advice, and pests control access) and choose
from multiple options the most appropriate source for each of these
information dimensions. So far there are limited studies addressing farmers’
source preference for the types of information required to manage new pests
or fall armyworm in Africa or the role of mobile technology in these processes.
While such studies are critical to deliver more responsive extension services
in this era where climate change confronts farmers with new and unfamiliar
problems and mobile technology opens possibilities for timelier, localityspecific information provision and networked communication to get new
insights from broader sources to respond to these challenges. Semi-structured
interviews reveal that farmers’ information networks accommodate a range
of sources, and farmers consult multiple sources in pest identification and pest
control establishment to triangulate information and chart the best course of
action when reliable solutions are not well known. Further, farmers rely on
public extension agents for all but one dimension of fall armyworm
management: for the pest alert dimension they listen to the radio. Farmers
mainly engage with public extension agents in fall armyworm management
based on their perceived credibility. Additionally, farmers sparingly use new
ICTs in fall armyworm management. Nonetheless, the study points to novel
ways farmers use conventional mobile phone functions, such as phone calls
to extension agents and listen to radio over their phones, to access agricultural
information. Additionally, the study points to opportunities for farmers to
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take advantage of IVR technologies as information sources, because they
function similarly to their prevailing mobile phone usage.
Keywords: information seeking behaviour; mobile technology; fall
armyworm; pest management.
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1. Introduction
“Fall armyworms threaten Africa's crops”(BBC, 2017);“Scientists search for sustainable
solutions to stop fall armyworm,” (VOA, 2018);”Rampaging soldiers: fall armyworm
causes destruction on farms,”(MyJoyOnline, 2017): these were some of the news
headlines on fall armyworm - an invasive pest with a voracious appetite for grass and
forage crops that emerged in 20 African countries, in the 2016/2017 farming season
(Godwin, Hevi and Day, 2017). The transboundary pest (moth larvae- Figure 1) that can
destroy a field within a matter of days due to its insatiable appetite and ability to
reproduce rapidly significantly affected maize yields. (Day et al., 2017; Kassie et al.,
2020). The pest’s negative effects on maize was a concern as the crop is a widely grown
staple on the continent, including Ghana (Day et al., 2017).

Source: International Maize and Wheat Improvement Centre and Grains Research and Development Corporation
Figure 1. Life cycle of fall armyworm
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From the perspective of Ghanaian farmers, the pest led to an average maize loss of 45%
(range 22-67%)(Day et al., 2017; Kassie et al., 2020). These losses were incurred as the
novelty of the pest made it challenging for extension staff, researchers, crop health staff,
input suppliers and Non-Governmental Organisations (NGOs) (among other agricultural
stakeholder) to quickly raise farmers’ awareness of the pest and alert them of
infestations in their vicinities, and establish and disseminate farm appropriate pest
controls and products (Abrahams et al., 2017).
Fall armyworms’ emergence in Ghana exemplifies the consternation and challenges that
climate change introduces to farming systems (Karmakar et al., 2016; Day et al., 2017).
Fall armyworm that is indigenous to the Americas emerged in Ghana due to favourable
weather and temperatures caused by climate change (Abrahams et al., 2017). Climate
change fosters new location–specific (bio-physical and socio-economic) challenges at
national and farming community level that require updated knowledge, context
appropriate management strategies and immediate action to mitigate (McIntrye et al.,
2009; Day et al., 2017; Godwin, Hevi and Day, 2017).
Amid the emergence of the new pest farmers still needed to produce maize to sustain
their livelihoods and contribute to national food security. In such situations where
farmers lack experience with a pest, and have the urgency to mitigate crop losses, they
quickly need to mobilise new “knowledges”, information and other resources to manage
the pest. Farmers seek information as “[...] information is an important factor that
interacts with other production factors [land, labour, capital, management
skills],”(Vidanapathirana, 2012: 1). Relevant and timely information enables them to
make informed and timely decisions in farm management (Bernard, Dulle and Ngalapa,
2014; Acheampong et al., 2017). In order to mitigate the fall armyworm infestation and
other new pests farmers require different types of information (Table 1). For familiar
pests, farmers have experiential knowledge about the pest and its management; hence
they merely need timely pest alerts (based on local reporting) and knowledge of the
actual availability or access to pest management products. For a new pest, farmers need
more information: a general awareness of the pest and capacity to identify it as well as
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information about how it spreads and the associated pest control practices most
appropriate and effective for a specific farm (biophysical and socio-economic situation).
Table 1. Information dimensions of fall armyworm management
Dimension
Description
Pest
This relates to gaining awareness of the pest infestation
alert
Pest
This involves identifying or confirming the pest species
identification
Pest
This is about learning how the pest spreads and accessing advice on how
Control
to control it
Pest
This relates to establishing where to get inputs or products to control the
control
pest
access
*The dimensions of fall armyworm management emerged from discussions with farmers
during field engagement for a prior study

Historically a prominent information source for farmers has been the public extension
agent - an information source being ,”an institution or individual that creates or brings
about a message,” (Acheampong et al., 2017: 2). However, farmers currently have access
to a broader range of information sources as over the years they have been introduced
to new service providers by (non) governmental organisations and the research
community (Davis, 2008; McNamara et al., 2012; Qiang et al., 2012; Cieslik et al., 2018).
Farmers’ agricultural information sources include other farmers (farmer group leaders
or neighbours), Farmer Based Organisations (FBOs), traders, researchers, extension
agents of private and/or Non-Governmental Organisations (NGOs), and agents of input
suppliers (Asante, Sefa and Sarpong, 2011; Kilelu et al., 2011; Vidanapathirana, 2012;
Bernard, Dulle and Ngalapa, 2014; Rahman, Lalon and Surya, 2016). Additionally,
farmers have the opportunity to access agricultural information directly through
Information and Communication Technologies (ICT) such as radio and television, and
more recently through new ICTs that have become more accessible due to increasing
mobile phone penetration (Davis, 2008; McNamara et al., 2012; Qiang et al., 2012;
Mccole et al., 2014). New ICTs have new capabilities that preceding analogue and
broadcasting oriented media do not possess (Lister et al., 2003). These technologies that
offer new possibilities for connectivity and information exchange include social media
(e.g., Facebook, WhatsApp), Short Message Service (SMS) and Interactive Voice
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Response (IVR) technologies, and data collection and storage technologies (e.g., Open
data kit).
Considering farmers currently have multiple and more options of information sources,
we are interested in establishing farmers’ choices of information sources for the
dimensions of fall armyworm management. Further, we are interested in the reasons
behind these choices, considering farmers determine the appropriateness of a source
based on a number of factors. These factors include the sources’ credibility, reliability,
accessibility and cost-effectiveness (described in Table 2). Further, their choices are also
influenced by other strategic considerations such as relationship management to access
credit or inputs (Rahman, Lalon and Surya, 2016).
Table 2. Definition of factors influencing farmers’ choices of information sources
Factor
Credible
Reliable
Accessible
Cost-effective
Strategic

Definition
Source is highly knowledgeable and/or a technical expert
Source is experienced in diagnosing field problems and trusted for having a
record of providing working solutions
Source is consistently available and easy to access or use
Source requires relatively limited funds or time to access
Engagement with source serves a particular purpose that is valued more
than the primary information service they provide

Source: authors with insights from Starasts, 2004; Dutta, 2009; Bernard, Dulle and Ngalapa,
2014; Rahman, Lalon and Surya, 2016; Acheampong et al., 2017

Current insight into farmers’ information source preferences in pest management
Various studies investigate farmers’ information seeking behaviour in Africa (Lwoga et
al., 2013; Bernard, Dulle and Ngalapa, 2014; Krone, Schumacher and Dannenberg, 2014;
Tafesse et al., 2018). These studies mainly relate farmers’ source preference to socioeconomic factors (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and Igbashal,
2009; Lwoga et al., 2010; Bernard, Dulle and Ngalapa, 2014; Acheampong et al., 2017)
and often do not connect farmers’ source preference to specific information needs i.e.,
pest/disease management information (Tologbonse, Fashola and Obadiah, 2008; Lwoga
et al., 2010; Bernard, Dulle and Ngalapa, 2014; Acheampong et al., 2017). If they do, the
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studies tend to focus on the pest/disease control advice dimension (Daude, Chado and
Igbashal, 2009; Krone, Schumacher and Dannenberg, 2014). Some studies indicate that
farmers rank ‘other farmers’ as the most preferred information sources, followed by
extension agents and then radio (Dutta, 2009; Bernard, Dulle and Ngalapa, 2014). Other
studies highlight extension agents as the ‘preferred information source’, before ‘other
farmers’ (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and Igbashal, 2009).
Many studies show a low preference for new ICTs as an information source (Tologbonse,
Fashola and Obadiah, 2008; Bernard, Dulle and Ngalapa, 2014; Acheampong et al.,
2017), while recent studies simultaneously propose that new ICTs can support real-time
disease monitoring, provide timely disease risk alerts, diagnosis, and control information
(Damtew et al., 2018; Munthali et al., 2018; Tafesse et al., 2018; Toepfer et al., 2019).
So far there are limited studies addressing farmers’ source preference for the different
types of information required to manage new pests or fall armyworm in Africa and the
role of mobile technology23 in these processes. While such studies are critical to deliver
more responsive extension services that better target specific information to farmers
when new pests emerge (Bernard, Dulle and Ngalapa, 2014). Specifically, in this era
where climate change confronts farmers with new and unfamiliar problems, and
considering the increased accessibility of mobile technology opens possibilities for
timelier, locality-specific information provision and networked communication to get
new insights from broader sources to mitigate these challenges. In order to gain insight
into this topic, the study targets farmers affiliated to a public and private extension
organisation, in Ghana. More specifically, through this set-up we investigate these
research questions:
1) What are farmers’, affiliated to public and private extension organisation, main
information sources for dimensions of fall armyworm management?
2) What are the factors influencing farmers’ choices of information sources in fall
armyworm management?

23

Mobile technology is technology enabled by a mobile phone or device.
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3) What is the role of mobile phones and new ICTs in managing fall armyworm?
2. Methods
In this section the research approach and associated sampling procedure, data collection
and analysis methods are presented. The research was qualitative – descriptive in nature
(Lambert and Lambert, 2012), as it was geared towards establishing farmers’
predispositions to sourcing information for fall armyworm management and gaining a
better understanding of farmers’ choices in this respect. Therefore, the research
described farmers’ information source networks and provided some explanation for this
phenomenon through qualitative data collection methods.
Sample selection and data collection methods
The selection of interview respondents involved multi-stage sampling (Figure 2). Step
one, purposive sampling, ensured that farmers in major maize producing groups were
captured under the public and private extension organisation (step 1). Farmers
operating in the Techiman/Wenchi area of the Brong-Ahafo Region were targeted, as
this is a major maize producing area in Ghana (Angelucci, 2012) and the area is also
susceptible to fall armyworm infestation. Further, the farmers were categorised by
affiliation24 to two types of extension organisations. This categorisation was because we
assumed that farmers might have different information sources choices for fall
armyworm management, given that the extension organisations had different service
delivery approaches (see Figure 3 for extension approaches). We specifically targeted
farmers under the Ministry of Food and Agriculture – Wenchi District Food and
Agriculture Department (MOFA-DFAD) and farmers under the outgrower schemes of
traders associated with Grameen Foundation, an NGO piloting and promoting ICTmediated service delivery (for more details on extension approaches see Munthali et al.,
2018).

24

Affiliation in this study refers to the organisation through which the research team gained access to the study
subjects and did not denote that the farmer engaged exclusively with this organisation for extension services.
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Step 1
• Purposive sampling maize farmer groups
•Sampling focused on maize farming groups with farmers affiliated to extension agents
using new ICT platforms in service delivery in the Techiman/Wenchi area
•Maize farmer groups selected:
•MOFA -DFAD: Amponsankrom 41 farmers; Buaso 46 farmers
•Grameen Foundation: Tano-Boase 24; Mesidan 19 farmers

Step 2
• Random sampling within maize farmer groups selected in step 1
•Sampling criteria - approx. 40% of group members sampled:
•Wenchi MOFA- DFAD: Amponsankrom 16 of 41 farmers (39%) and Buaso 19 of 46
farmers (41%)
•Grameen Foundation: Tano-Boase 10 of 24 farmers (42%) and Mesidan 7 of 19
farmers (37%)

Step 3
• Random stratified sampling within selected/profiled farmers in step 2
•Sample size and selection criteria:
•MOFA-DFAD 8 farmers:
• Adult; female, male; smallscale; largescale; low education; owns mobile; nonowner mobile;
•Excluding youth and highly educated farmer
•Grameen Foundation 8 farmers :
•Adult; female; male; smallscale, largescale; low education; high education; owns
mobile, non-ownership of mobile
•Excluding youth and including 1 farmer representing a small scale farmer as well as a
farmer that does no own a mobile phone

Figure 2. Sampling procedure
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Figure 3. ICT and human mediated approach to extension service delivery MOFA-DFAD and Grameen Foundation
traders

Step 2, random sampling, set the stage for sampling in step 3. This step ensured that a
sufficient number (approximately 40%) of farmers in the farmer groups were unbiasedly
selected for profiling based on general demographic variables. Step 3 involved random
stratified sampling to unbiasedly select farmers with specific characteristics from those
profiled. The sampling strata were the characteristics outlined in Table 3 - ICT adoption
determinants derived from literature (Ali, 2012). Using these strata, we aimed to capture
20 farmers in total: 10 with each type of characteristic under each extension
organisation. The farmers were selected according to these characteristics, alongside
having experienced a fall armyworm infestation, as we were interested in farmers’
mobile phone and new ICT usage in fall armyworm management and needed farmers
with these characteristics represented in the sample to foster maximum variation and
variance (i.e., capture subjects with high and low “values”), and ultimately capture
diversity in the sample.
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Table 3. ICT adoption determinants and distribution of ICT (non) adoption characteristics in sampling frames
Grameen
MOFA-DFAD
Characteristic
Foundation
(of
Determinants
(of
35 farmers)
Adoption
Non-adoption
17 farmers)
Age

Sex

Education
level
Maize enterprise
size
Mobile device
ownership

Youth
15 years to 25 years
Adult
Above 36 years
Male

0

0

35

17

22

14

Female

13

3

High
(Short cycle) tertiary education
Low
No formal schooling
Large-scale
Above 10 acres
Small-scale
Below 5 acres
Ownership

0

1

19

10

3

1

18

18

23

19

12

2

Non -ownership

*Note the intermediate level farmers for the characteristics age, education level, maize
enterprise size are not captured. Only the number of farmers with the specific
characteristics highlighted above are captured.

However, given the distribution of the characteristics in the sampling population (Table
3), 16 farmers were selected and interviewed for the study (step 3). Eight farmers under
each organisation were included in the sample (Figure 2 – see step 3 final sample
composition). This situation was due to farmers with certain ICT (non) adoption
characteristics being absent from the sampling frames (youth, highly educated) (Table
3). Further, some farmers in the sample were selected twice for two different
characteristics, because there was low representation of certain characteristics within
specific sampling frames (female, non-ownership of mobile - Table 3), and also due to
the unavailability of farmers for the study. Therefore, under both organisations no youth
were captured. While under the MOFA-DFAD no highly educated or large-scale farmer
were in the sample, and under Grameen Foundation the farmer selected as a small-scale
maize farmer doubled as the farmer that did not own a mobile device.
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Data were collected from the 16 farmers through semi-structured interviews. The
interviews were conducted in their localities. The choice of interviews and setting
created a conversational face-to-face environment for farmers to freely respond to
open-ended questions from an interview guide (Tong, Sainsbury and Craig, 2007).
Data analysis
The interview data for the research questions were analysed through content and
descriptive statistical analysis. Below is a description of how this was achieved.
What are farmers’, affiliated to public and private extension organisation, main
information sources for dimensions of fall armyworm management?
In relation to the first question above we marked and captured each farmers’ responses
in a matrix. The matrix’ vertical axis fielded farmers’ potential information sources, while
its horizontal axis reflected the dimensions of fall armyworm management. Through the
matrices we identified the sources of information that each farmer cited for different
aspects of fall armyworm management, and then collated the data into bar graphs to
reflect the number of times a source was cited by a farmer in relation to a specific
dimension (Figure 4, 5 and 6).
In order to identify farmers’ potential sources of information, we firstly referred to
existing literature. We established that Rahman et al. (2016) and Bernard et al. (2014)
respectively define 15 information sources for Bangladeshi and Tanzanian farmers that
emerged from their data collection processes. We tailored these lists of sources to the
Ghanaian context (Table 4). More specifically, we omitted what we considered extension
service delivery settings and not information sources from our list (group discussion,
demonstration meetings, farmers’ meeting, fair and exhibition). Additionally, based on
consulting more contextual literature (Dutta, 2009; Ajani, 2014; Acheampong et al.,
2017) and field observations, we omitted obsolete sources (farm labourer, farm
publications, fisheries officer) and included other sources (research institutions, trader,
farmer based association agents, mobile applications, the internet).
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Table 4. Farmers’ potential sources of information
Category

Source

Extension
agent

Private/NGO

Other
farmer

Public
Farmer group leader
Neighbour
Radio

Traditional/classic
media
New
ICTs /media
Other service
providers agent

Television
Newspaper
Mobile application
Internet
Farmer based organisation
Input suppliers
Research institution

What are the factors influencing farmers’ choices of information sources in fall
armyworm management?
For the second research question the primary researcher analysed field notes of farmers’
responses to why they engaged with particular sources in fall armyworm management.
Applying a coding scheme to farmers’ responses we identified factors that influenced
their choices of information sources alongside the number of times a factor was cited.
Additionally, quotations illustrating these factors (themes) were lifted from the data. The
coding scheme themes were guided by Starasts (2004) characteristics of good
information sources and other literature in which we identified factors that could
influence farmers' information sources preferences (Dutta, 2009; Bernard, Dulle and
Ngalapa, 2014; Rahman, Lalon and Surya, 2016; Acheampong et al., 2017).
What is the role of mobile phones and new ICTs in managing fall armyworm?
Lastly, and in relation to the third question, we identified and collated how farmers used
their mobile phones and new ICTs in fall armyworm management using a matrix. The
matrix’ vertical axis reflected possible mobile phones uses by farmers that we identified
from literature (see list of mobile phone uses in Figure 9)(Martin and Hall, 2011; World
Bank, 2018), and the horizontal axis of the matrix reflected the dimensions of fall
armyworm management. Collated data from the matrix’ was presented in a bar graph
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to show the number of citations of mobile phone and new ICT uses for each fall
armyworm management dimension for all 16 interviews (Figure 10).
3. Findings
This section reports on the study findings. It reports findings in relation to farmers’
information source preferences in fall armyworm, reasons behind these choices and the
role of mobile technology in fall armyworm management.
Farmers’ sources of information for fall armyworm management
We established that farmers engaged with a selection of their potential information
sources (Figure 4). Based on the number of times the 16 farmers cited a source in the
interviews, we found that farmers mainly engaged with public extension agents to
manage fall armyworm (Figure 4). In this regard, radio was also a relevant source of
information; however, few farmers mentioned using new ICTs.
Looking into farmers’ information sources for specific fall armyworm management
dimensions, the data reveals that farmers received pest alerts through the radio (Figure
4). While for the rest of the dimensions, farmers relied on public extension agents.
Further, in most cases (13) farmers sourced information for pest identification and
control from multiple sources. They sourced these types of information from two to four
sources, mainly public extension agent (12 farmers), followed by the radio (11 farmers).
When they sourced this information from private extension agents (5 times), they also
consulted public extension agents for the same information, but this was not the case in
the opposite scenario. Additionally, two Grameen farmers said they engaged with
multiple sources to triangulate information and establish the best solution to farming
problems. One of these farmers said, “I have to combine different people’s knowledge to
get to a solution, and that is what helps me.”
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14

*16 respondents in total
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Figure 4. Number of citations farmers’ source of information for fall armyworm management dimensions

When we compare the farmers affiliated to the public and private extension
organisation, we notice similarities and differences in the use of information sources in
fall armyworm management. Both categories of farmers accessed information from a
range of information sources, but did not use television, newspapers, the internet,
farmer associations or traders (Figure 5 and 6). Notwithstanding their affiliation, both
categories primarily relied on public extension agents to acquire advice on pest
identification, controls and accessing inputs. For pest alerts, both categories prioritised
radio, but for information for pest identification and control radio was ranked second
best. Additionally, farmers hardly sourced information from input suppliers, but in
instances they did it was for pest control and access advice.
In terms of differences between the farmers affiliated to the public or private extension
organisation, the data showed that farmers affiliated to Grameen Foundation generally
consulted more sources than those affiliated to the MOFA-DFAD. Apart from the sources
that they had in common with the farmers affiliated to MOFA, they also accessed
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information via mobile phone applications. A few of these farmers accessed pest alerts,
pest identification and controls through their mobile phones.
6
*8 respondents in total
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Pest alert
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Pest control

Pest control access

Figure 5. Farmers’ affiliated to MOFA-DFAD – number of citations information source for fall armyworm
management dimensions
8
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Figure 6. Farmers’ affiliated to Grameen Foundation – number of citations information sources for fall armyworm
management dimensions
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Factors influencing farmers’ choice of information sources
Farmers mainly relied on public extension agents in fall armyworm management due to
a number of factors (Table 5). Farmers saw public extension agents as experts and they
were perceived to provide workable solutions. Another reason that farmers largely
relied on public extension agents as an information source was their availability. Related
to these findings a farmer said, “I met with the agric-person to identify the pest and get
advice on how to treat it [fall armyworm] as he is knowledgeable and always provides
solutions that work[...] I have no time to use my phone to get in contact with the agricperson who comes here and is available,” and another stated, “AEAs [agricultural
extension agents] have a lot of knowledge and they are the nearest to us, so we can get
to them anytime to report, get help with pest identification and control, and linkages to
inputs.” Apart from credibility, reliability and accessibility these statements highlight the
limited costs (finance and effort) for farmers to engage with public extension agents,
who periodically visit their localities to provide agronomic advice or respond to
agricultural crisis’.
Table. 5 Factors influencing farmers’ choice of information sources

Source

Credible

Reliable

Accessible

Costeffective

Public extension
agent
Radio
Private extension
agent/NGO
Farmer group
leader
Input supplier
Neighbour
Research institution
Mobile application
number of citations
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Related to the accessibility of public extension agents, two farmers said they were
preferred as a source of advice over radio and mobile applications. This was because
farmers engaged with public extension agents through interpersonal communication
that allowed them to seek clarification and access localised advice. In relation to this
finding one farmer said, “Radio and applications only give you information on pest
identification and control, they cannot be called to come to your field to see what is going
on. Therefore, you can get their advice, but you might need to call an AEA to establish
measures for pesticides.” Additionally, these sentiments explain why this study found
that farmers do not consider radio an accessible information source. In comparison to
public extension agents, farmers do not find radio as accessible, because when dealing
with new problems radio does not enable farmers to engage with an interactive and
practical learning environment.
When public extension agents were considered unavailable, two farmers said they opted
for alternative information sources: private extension agents and farmer group leaders.
One farmer noted “Grameen [private extension agent/NGO] is always with us, unlike
MOFA AEAs [public extension agents] who only give us chemicals” and another farmer
expressed: “I report to the farmer group leader as he is near and available to help me as
I cannot get the MOFA agent.” Another farmer (one) relied on mobile applications
alongside public extension agents for information in fall armyworm management due
the limited reach of public extension agents. In addition, and in relation to public
extension agents’ unavailability, one farmer stated he only engaged with public
extension agents to gain access to subsidised pest control inputs provided by the
Ghanaian Government. In line with this last motivation for farmers to engage with these
agents a farmer said: “AEAs are not helping. I only went to their meeting to get inputs.”
In relation to the eight information sources that farmers engaged with, we also
established that in practice there was overlap between some of these sources and public
extension agents. Specifically, public extension agents may be involved in selling inputs
as a side business, they are often involved in radio programming, and are a point of entry
to the field for NGO projects and private extension workers or serve as their expert
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sources (Figure 7– see all sources linked to public extension agents). One farmer stated
that input suppliers and public extension agents were the same, as a number of public
extension agents entered into input trading as a side business or upon retirement.
Farmers expressed they did not differentiate between public and private extension
agents. One farmer considered both public and private extension agents as “agricpeople” that were knowledgeable. Whilst two famers considered that these parties
worked in close partnership and provided similar information. One of these farmers
stated “Grameen [NGO/private extension agent] and MOFA agents work in the same
way,” and another farmer said, “NGOs are helpful, but they pass through AEAs”. Five
farmers noted that public extension agents and radio sources were synonymous; one
particularly said: “Both radio and AEAs are good as they are the same people and say the
same things”. Additionally, two farmers said they reported pest incidences to the farmer
group leaders with the view that they would contact the public extension agent and/or
channel down advice that they had been provided by these agents to farmers. One of
these farmers said, “We report issues to farmer group leaders as they have knowledge
to share and transfer as experienced farmers.”

Figure 7. Farmers’ overlapping information sources

The fact that public extension agents served as or were the originators of information
provided to other sources had implications on the perceived credibility and reliability of
these sources. For radio two farmers expressed the source was credible and reliable
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because they assumed public extension agents provided advice through this medium. A
farmer said, “AEAs are also on radio providing pest identification and pest control advice,
so we trust radio.” One farmer intimated they trusted input suppliers as providers of
agronomic advice for a similar reason. The farmer explained: “We also depend on input
suppliers for pest control advice and inputs, they teach us how to use chemicals and they
are the same as the agric- people, as they are former AEAs with shops,”. Another (one)
farmer also considered farmer group leaders as a credible and reliable source of
information, because they served as a conduit of information from public extension
agents to farmers. On this topic the farmer noted: “I report to and get pest identification
and control advice from the farmer group leader, as I see him as my “AEA” who is here
to assist.” Other farmers, such as neighbours, were also considered a credible source
when they were experienced farmers or being informed by public extension agents. The
one farmer who expressed this said, “Farmers also have experience or have links to AEAs

5

and can give you advice they get from AEAs.”
Mobile phones and new ICTs’ role in fall armyworm management
In order to gain insight in the farmers’ use of mobiles and new ICTs for fall armyworm
management, we first established the types of mobile phones 25 farmers owned (Figure
8). The data revealed that most farmers (14 of 16) owned the mobile phones they used.
Furthermore,

most

farmers

owned

a

feature

phone

that

had

a

radio, multimedia and internet capabilities, as well as the capacity to take pictures and
make video recordings. Only one farmer owned a smartphone, with an integrated
computer, web browsing and the ability to run software applications.

25

“The first type of mobile was a basic phone that could only be used for calls and text messages. Then came
feature phones with added features like a calculator, light, camera, speaker, music player, voice recorder, and then
also a basic and slow capability to access the Internet. Then came smartphones which were phones that
incorporated PC-like features: their own operating system, their own software applications, and faster, better
access to the Internet. And simultaneously emerged tablets which we could say are PCs with phone-like features:
small size, touchscreens, intelligent voice interfaces, etc” (Heeks, 2018: 50).
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Figure 8. Mobile phone type ownership

Despite the capabilities of the feature phones that most farmers owned, farmers mainly
used their mobile phones (or those they had access to) to make and receive phones calls
(Figure 8). According to three farmers, the phone calls they received also included
automated Interactive Voice Response26 (IVR) calls. The farmers hardly used their mobile
phones to search the internet or engage in social networking through, for instance
Facebook or WhatsApp. Nonetheless, six farmers stated they checked applications. Of
the six farmers, four farmers respectively engaged with the applications, ESOKO and
Mobile Money on their phones.
Making phone calls
Recieving phone calls
Sending SMS’
Recieving SMS'
Listening to radio
Taking photos
Shooting videos
Checking mobile applications
Social networking
Searching the internet
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Figure 9. General mobile phone usage

Moving on to farmers’ use of mobile phones and new ICTs to manage dimensions of fall
armyworm, there was limited use of mobile phones and new ICTs in this regard (Figure

26

“Interactive Voice Response (IVR) service – uses voice mail for delivery of important information by dialing into
a premium number and accessing the information though simple menu steps,”(Qiang et al., 2012: 80).
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10). The data showed that farmers were made aware of the pest through phone calls
from extension agents, other farmers or IVR applications. The data also showed that
farmers primarily listened to the radio and when alerted they checked mobile
applications and the internet to identify the specific pest and establish its controls.
7
6

*16 respondents in
total

5
4
3
2
1
0

5
Pest alerts

Pest identification

Pest control

Pest control access

Figure 10. Number of citations mobile phone and new ICT usage in fall armyworm management

Farmers affiliated to Grameen used their mobile phones and new ICTs more broadly than
those affiliated with the MOFA-DFAD (Figure 11). One of these farmers also received
phone calls to identify pests, and SMS’ that contained information on pest identification
and controls. Additionally, two farmers affiliated to Grameen used their mobile phones
to take pictures or shoot videos of their fields to share with extension agents to facilitate
pest identification. Another Grameen affiliated farmer used his mobile phones to search
the internet and engage with social media to access information for fall armyworm pest
identification and control.
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Figure 11. Mobile phone usage for fall armyworm management

All four farmers who used mobile applications to access information related to pest
identification and controls were adult males that owned a mobile phone. Three of these
farmers were affiliated to Grameen, large-scale maize farmers, but not highly educated.
The farmer who used his mobile to search the internet and engage on WhatsApp was
highly educated and met all the other criteria of a farmer more inclined to adopt ICTs
(large scale maize farmer, male, owned a mobile device), except for being a youth though he was in his early thirties. He was a teacher by profession that held a leadership
position in a farmer group - secretary. He explained that he searched the internet for
himself and also to assist other farmers on pest controls. He said he also did this by taking
pictures of his fields and other farmers’ fields and sent them to the extension agent as
situation reports.
4. Discussion
The study aimed to identify farmers’ information sources for different types of
information needed to manage a new pest - fall armyworm, and foster understanding of
farmers’ information source preferences for managing the new pest. An additional
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research focus was to highlight the role of mobile technologies in fall armyworm
management.
We find that farmers engage with a range of information sources to manage fall
armyworm, but mainly rely on public extension agents based on their perceived
credibility and accessibility. For all but one dimension of fall armyworm management
farmers relies on public extension agents. For the pest alert dimension, they listen to
the radio. The study indicates farmers perceive radio (alongside private extension
agents, input suppliers, farmer group leaders) to be equally as credible and reliable as
public extension agent as they are assumed to source knowledge from these agents.
However, when public extension agents are not available to provide agronomic advice
(pest identification and controls) they turn to other information sources such as private
extension agent, farmer group leaders and mobile applications; and when farmers look
to triangulate information and establish the best solutions they also turn to farmer group
leaders and private extension agents. For the few farmers that used mobile phones in
fall armyworm management they are used to access pest alerts via phone calls.
Additionally, these farmers listen to radio and engage with IVR applications on their
phones to identify pests and get pest control advice. We discuss these findings below.
Farmers’ network of information sources in fall armyworm management
Farmers consult a range of information sources in fall armyworm management and
consult multiple sources for certain fall armyworm management dimensions. Regardless
of farmers’ affiliation to public or private extension organisations their main sources of
information for the dimensions of fall armyworm management are the same. Farmers
favour radio as a means of accessing pest alerts, while they favour public extension
agents for other fall armyworm management dimensions. These choices that are based
on the combination of the perceived credibility and accessibility of sources for the
specific information required counter other studies optimism of farmers using new ICTs
in decentralised monitoring or to access pest alerts and advice (Damtew et al., 2018;
Munthali et al., 2018; Tafesse et al., 2018; Toepfer et al., 2019). Farmers also have the
tendency to consult multiple information sources (extension agents, radio, farmer group
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leaders), specifically in pest identification and to access possible pest controls. For a
novel pest, and potentially other emerging problems, farmers value information and
knowledge triangulation to validate pest diagnosis or determine the best course of
action to take to control a pest from multiple sources. Other studies on African farmers’
information seeking behaviour also highlight their inclination to engage with different
information sources (Daude, Chado and Igbashal, 2009; Krone, Schumacher and
Dannenberg, 2014). However, few do so in the light of a new pest Sub-Saharan African
farmers are confronted with such as fall armyworm (Toepfer et al., 2019) nor zoom into
the use of information sources for specific types of information needed in pest
management.
Farmers use multiple information sources to satisfy their specific information needs, but
also perceive that public extension agents are behind or the same as other information
sources. We find this is the case for information sources such as radio, private extension
agents, farmer group leaders, neighbours, input suppliers. Beyond ranking farmers’
information source preferences, these perceptions further highlight the continued
relevance and central role of public extension agents in Ghanaian extension service
delivery (Acheampong et al., 2017; Munthali et al., 2018). In other words in as much as
this study reiterates that public extension agents are farmers’ prominent information
source (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and Igbashal, 2009),
alongside radio (Toepfer et al., 2019), we do not make this conclusion placing emphasis
only on ranking all of farmer’s potential information sources. We also draw attention to
the perceived overlap between public extension agents and other information sources
that indicates these agents are central in farmers’ information source networks. Going
forward we suggest research probing farmers’ perceptions of who is behind specific
information sources and ground truthing these perceptions to establish if overlaps
between sources emerge in other contexts. The research would ultimately define an
alternative and complementary method, to ranking, for establishing the prominence of
specific sources in farmers’ information networks. Social network analysis would be
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useful in this inquiry to visualise the relationships (overlap) of information sources and
prominent source(s).
We also observe that farmers consult public extension agents notably more for
information than new ICTs (Bernard, Dulle and Ngalapa, 2014; Munthali et al., 2018;
Toepfer et al., 2019). Despite farmers’ limited use of new ICTs in fall armyworm
management we find they use their simple mobile phones to enhance extension service
providers availability. Farmers engage with public extension agents through phone calls
to access advice (Bernard, Dulle and Ngalapa, 2014; Munthali et al., 2018; Tafesse et al.,
2018) and tune into radio on their mobile phones to access pest alerts and advice.
However, even though this study reports these methods of farmers engaging with
service providers, we also find farmers’ prefer face-to-face engagement with public
extension agents (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and Igbashal,
2009; Dutta, 2009). This preference is attributed to face-to-face communication enabling
in-depth discussion that is useful in the exchange of complex knowledge such as
pests/disease advice (Krone, Schumacher and Dannenberg, 2014; Aker, Ghosh and
Burrell, 2016). Nonetheless, farmers’ use of phones calls and use of mobile phones to
listen to radio, reflect the slow and incremental advances in farmers’ use of mobile
technology to access information (Martin and Hall, 2011), even when confronted with
new and highly challenging agricultural problems.
The findings on farmers’ information networks also indicate that farmers associated with
private extension organisation are more inclined to use new ICTs to access agricultural
information. We observe that farmers affiliated to Grameen, unlike those affiliated to
MOFA, were introduced to ESOKO - a mobile phone (SMS and IVR) application, and some
of these farmers used it for agronomic information. This finding is important as it reflects
on how NGOs’ promotion of new ICTs can influence their uptake by farmers. However,
it is important to point out that despite development organisations’ efforts to promote
ICT-based extension and simultaneously build private extension providers capacity to
roll-out these approaches, public extension agents’ exclusion from such interventions
(as prominent information providers) could have a bearing on their success. In the same
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vein Fabregas et al. (2019) refer to the likelihood of a public-sector role in scaling mobile
based extension and advisory services. Therefore, it is advisable that extension
interventions that encompass new ICTs accommodate partnerships between private
extension providers and public extension organisations to foster better new ICT uptake.
The drivers of this success could be two-fold. Firstly, the interventions could engage
more farmers, as public extension service delivery has broader reach. Secondly,
considering trust is important for digital technology acceptance in Africa (Aker, Ghosh
and Burrell, 2016), the new ICTs could be associated to public extension agents that
farmers view as credible.
Lastly, in this section, we recommend more comparative studies on farmers’ information
source networks for managing new and familiar pests to improve the efficiency and fit
of extension service delivery with farmer information needs. This research is prompted
by our findings that farmers seemed less inclined to consult other farmers, than what is
found in other research (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and
Igbashal, 2009; Dutta, 2009; Bernard, Dulle and Ngalapa, 2014). In regard to our
research, we cannot ascertain farmers need more expert-based information to deal with
a new pest, when it seems logical that farmers would be inclined to consult more
external information sources for advice and triangulate this information for new pests
than for familiar ones. Therefore, we suggest the comparative study to provide insight
into farmers’ information source networks under these different circumstances.
Factor influencing farmers’ choice of information sources for fall armyworm
management dimensions
Similar to other studies, this research showed farmers’ information source preference is
primarily determined by the perceived credibility of the source, and to a certain extent
on the reliability and accessibility of the source (Bernard, Dulle and Ngalapa, 2014;
Rahman, Lalon and Surya, 2016; Acheampong et al., 2017). The importance of credibility
(expertise) when farmers choose to engage with a source especially arises when they
are faced with new problems, for which reliable solutions are not well known (Tafesse
et al., 2018). In this study on fall armyworm, farmers underscored credibility as the major
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factor influencing which source they largely relied on for agricultural information, public
extension agents. However, when the latter are unavailable, farmers opt to engage with
alternative sources (private extension agents, farmer group leaders or mobile
applications). This points to the relevance and value of these other information sources
to supplement public extension service delivery that is challenged by a high agent to
farmer ratio (1 agent to 1,300 farmers) and limited funding for fieldwork (Bennett, 1996;
Pretty, Toulmin and Williams, 2011; McNamara et al., 2012). Therefore, as long as public
extension systems budgets remain limited, it is advisable that they invest in training
private extension agents and farmer group leaders as well as promote new ICTs to
complement face-to-face information and advice provision by public extension agents.
We also see that farmers perceived overlap between public extension agents and other
information sources has implications on farmers’ perceptions of the credibility of other
sources (radio, private extension agents, other farmer inputs suppliers). More
specifically, the implications are that the credibility farmers ascribe to public extension
agents is also ascribed to these other information sources. Such that some farmers
engage with these sources as they knew or expect public extension agents are behind
these sources or provide them information and; hence, also consider them credible. In
practice the transferability of credibility between sources could serve the purpose of
fostering credibility for content provided over agricultural mobile applications, if the
information source is associated to the public extension system.
The role of mobile phones and new ICTs’ opportunities for responding to emerging
problems
Despite the capacities of mobile technologies to provide farmers with immediate access
to tailored information and gain new insights from broader, external sources of
information for new pest management, farmers mainly use their basic or feature phones
to call and exchange information with public extension agents (Krone, Schumacher and
Dannenberg, 2014; Aker, Ghosh and Burrell, 2016; Damtew et al., 2018; Toepfer et al.,
2019). Though the current role of mobile technologies for agriculture in Ghana is still
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limited, the few farmers using new ICTs in fall armyworm management hint at promising
directions for their application.
There are opportunities related to farmers basic mobile phone usage. First of all, farmers
could amplify their use of mobile phones to call extension service providers to access
pest identification and control advice (Munthali et al., 2018; Tafesse et al., 2018). While
a future option could involve farmers using their mobile phones to take pictures or shoot
videos of their fields and emerging problems (Martin and Hall, 2011), and send them to
extension service providers. These visualisations may enhance farmers’ remote pest
reporting, and contribute to speeding up extension agents turn-around time in pest
identification. Further, acting on this opportunity could involve experimentation with
the transmission of the visualisation through Multimedia Messaging Services (MMS)
based on two considerations. Firstly, these services run on feature phones and there are
indications that more farmers are using feature phones at present. Secondly, that the
use of the combination of feature phones and MMS technology is relatively cheaper and
more accessible that using smartphones and online messengers such as WhatsApp.
In relation to new ICTs, there are also future opportunities for IVR and social media
messaging technologies (e.g., WhatsApp) in new pest management. The value of IVR
applications lies in speedy dissemination of pest alerts (Toepfer et al., 2019). These
applications might easily be accepted by farmers as they match farmers’ mobile
technology competencies and preferences. More specifically, they are accessible to
farmers as they function similar to phones calls as well as radio - a broadcasting medium.
While for social media messaging technologies a promising area could be their
application in coordination. For instance, we find in this study that an educated farmer
group secretary takes pictures on behalf of farmers to send to extension agents as part
of field reporting and attaining agronomic advice. In the same way a lead farmer can
enable other farmers of limited literacy and technological means to leverage (hi-tech)
mobile technology to access information. Therefore, similar to what is suggested by
Damtew et al. (2018) and Leeuwis (2018) social media messaging technologies in
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combination with intermediaries and other forms of communication mediums (face-toface,) can speed up and improve information sharing within farmer groups.
5. Conclusion
When confronted with a new pest such as fall armyworm, farmers tend to draw
information from various information sources. In fall armyworm management, they
consult a range of sources to choose the best fit(s) for each fall armyworm management
dimension. Regardless of their affiliation to public or private extension organisation,
farmers mainly engage with radio to become aware of pest risks and on public extension
agents for the other dimensions of fall armyworm management. Additionally, farmers
consult multiple sources in pest identification and pest control establishment to
triangulate information and chart the best course to follow when reliable solutions are
not well known.
Farmers mainly engage with public extension in fall armyworm management based on
their perceived credibility of these sources. Where a sources’ expertise becomes the
most critical factor influencing farmers’ information source choice when they seek new
knowledge. Further, public extension agents’ prominence in farmers information source
networks is not only determined by ranking farmers’ preference, but indications that
farmers knew or assumed public extension agents are behind other information sources.
In terms of farmers’ use of mobile technology the study highlights that similar to other
studies farmers sparingly use new ICTs as information sources. This makes it difficult to
define a future role for new ICTs in (novel) pest management. However, farmers’ use of
mobile technology, in fall armyworm management, fits their capacities and
competencies. They engage via phone calls to access pest identification and control
advice as well as listen to radio broadcasts (through the phone) to access pest alerts.
Additionally, there are opportunities for farmers to engage with new ICTs that function
similarly to their mobile phone uses i.e., IVR technology, and further opportunities for
them to leverage social media technology such as WhatsApp, through farmer group
leaders, to connect to agricultural information and service providers.
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1. Introduction
This thesis investigates the role of new Information and Communication Technologies
(ICTs) in broader extension service delivery, namely innovation intermediation, in
Ghana. This research is prompted by the literature gap that compels research linking the
topical areas of new ICTs’ inherent capabilities and innovation intermediation, in Africa.
This study is important because new ICTs have the potential to support extension
organisations adapt to extension approaches that are broader than technology transfer,
to include facilitation roles for extension staff to respond to wider agricultural system
constraints. The research premise is that new ICTs present opportunities for innovation
intermediation, but the use of these technologies for such purposes is not automatic as
-in context- technology and society shape each other. Guided by this premise the thesis
sought to answer the overarching question, what roles do new ICTs play in supporting
innovation intermediation in the Ghanaian extension system?
Main findings
In order to answer this question four sub-questions were investigated. Below the main
findings of each sub-question associated to an empirical chapter are reported, followed
by the overall study findings that lead to the discussion and recommendations of this
thesis.
1. What are experts’ (scientists, researchers and practitioners) views on the
intermediation capabilities of new ICTs in Ghana’s agricultural system?
Using an experts’ consensus building method, chapter 2 established the capabilities of
nine new ICTs27 to support communication and networking functions relevant to
facilitating innovation intermediation. The results indicate that Interactive Voice
Response (IVR) technologies have a high capability to support action-oriented, linear
communication functions targeted at rural farmers. These functions are disseminating,

27

Interactive Voice Response (IVR) inbound and outbound; Short Message Service (SMS) push and pull,
Unstructured Supplementary Service Data (USSD), Data Management (DaM), Document Management (DoM),
social media messaging and Spatial (Spa) technologies.
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harvesting, retrieving and matching. However, there was no consensus among experts
that the new ICTs identified in the study, including social media messaging technology
that can enable multi-actor engagement, had a high capability to support transactional,
interactive functions. The functions networking, coordinating and co-creating, which are
relevant to facilitating collaborative innovation intermediation components (activities).
2. What are new ICTs’ roles in supporting innovation intermediation in public and private
extension organisations?
Based on interviews with extension staff, and by observing (extension) agents during
fieldwork, chapter 3 shows Data Management (DaM) technologies are new ICTs used by
both organisations. These technologies that are not oriented towards networked
communication do not support connective action for innovation intermediation.
Nevertheless, they can contribute to select innovation intermediation activities that
benefit from decentralised data collection i.e., support monitoring of production
practices or pest/disease occurrences to a certain extent and enable farmer database
development to support tacit needs identification. These databases can further support
intervention planning, advice tailoring as well as building credit providers trust to offer
farmers loans, but to a lesser extent (Figure 1). However, the DaM technologies’
potential to support these activities are far from realised. This is due to social,
organisational and institutional factors, including organisation design choices,
communication cultures, funding arrangements, and user technical abilities, preferences
and information needs that limit the realisation of the technologies’ potential.
Therefore, conventional face-to-face communication mechanisms remain relevant to
extension service delivery in the context and better suited for supporting more
interactive and collaborative activities of innovation intermediation.
3. What is the contribution of social media messaging platforms to enhancing interaction
for collaboration at the interface of research and extension?
Chapter 4 focuses on two social media platforms and investigates their contribution to
facilitating open communication spaces to support knowledge sharing and other forms
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of collaboration involving researchers and extension staff. The platforms are a WhatsApp
group of extension staff associated with a public extension organisation; and a Telegram
group of researchers and extension staff associated with a research institution. Platform
content and social network analysis revealed that both platforms possess centralised
network and communication structures - suggesting that platform users’ participation in
especially sending messages over the platforms is non-egalitarian. This situation is
influenced by social hierarchies, organisational rules and users’ identity management
tactics. The platforms’ network-communication structures do not facilitate open
communication spaces. Therefore, they are not suited for collaborative innovation
process management activities, such as, knowledge integration and joint problem
solving. Despite this, the platforms’ structures play meaningful roles in supporting the
coordination of extension activities on the ground, and information dissemination and
harvesting for pest monitoring by organisation managers. The structures also enable
knowledge sharing involving extension staff and subject matter specialists for individualcentred learning and problem solving by public extension agents. Therefore, the
platforms are likely to generate useful input for knowledge integration and joint problem
solving in complementary face-to-face settings.
4. What are farmers’ information source choices in accessing information for managing
new pests (fall armyworm), and the role of mobile technology in this process?
In chapter 5, semi-structured interviews reveal that farmers’ information networks
accommodate a range of sources. Farmers also consult multiple sources in pest
identification and to establish pest controls to triangulate information and chart the best
course of action when reliable solutions are not well known. Farmers rely on public
extension agents for most dimensions of fall armyworm management, specifically pest
identification, accessing control advice and identifying input providers. For pest alerts
they listen to the radio. Farmers mainly engage with public extension agents because of
their perceived credibility, while using new ICTs sparingly in fall armyworm
management. Despite this, the study points to ways farmers use conventional mobile
phone functions, such as phone calls or listen to radio, to access agricultural information.
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Additionally, the study points to opportunities for farmers to actively engage with IVR
technologies as information sources, because these technologies work in a similar way
to their prevailing mobile phone usage.
Overall the study identifies opportunities for IVR outbound, DaM and social media
messaging technology to support certain innovation intermediation components (Figure
1), while complementing the contributions of human intermediaries (public extension
agents) and classical communication mechanisms (face-to-face communication settings
and radio) to these activities. IVR outbound technologies can provide immediate access
to information (advice, weather, market prices, and pest risks), while supplementing
public extension agents in advice provision and supplementing radio in disseminating
the other types of information. DaMs have the potential to facilitate the development
of location-based farmer databases. These databases can further facilitate farmers’
(tacit) needs identification, support extension intervention planning in district technical
or national stakeholder meetings, and support advice tailoring by field extension staff in
face-to-face interaction with farmers. Whereas social media technologies, WhatsApp
and Telegram platforms’, can support timely (field) monitoring in which problems are
identified for discussion in national stakeholder meetings or district technical meetings.
These platforms can also facilitate the coordination of extension activities (sending
notifications and directives to field extension staff). Further, social media messaging
technologies can support knowledge sharing among extension staff and subject matter
specialists to enable individual-centred learning and problem solving. The knowledge
shared over these platforms can also be input for knowledge integration or used in
addressing knowledge gaps, in meetings at different levels of the extension system.
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Figure 1. New ICTs’ opportunities and role in innovation intermediation as observed in this dissertation

However, except for the social media technologies that are actively used due to certain
enablers (familiarity, bottom-up initiation and availability of running costs), a role for the
other technologies in innovation intermediation is not ascertained. This is because a
number of social factors28 limit the use of the IVR and DaM technologies by extension
service providers, the research institution, and individual users in the Ghanaian context.
Therefore, despite the opportunities afforded by IVR and DaM technologies, their
potential is not realised.

28

Social factors or influences: personal factors such as human abilities, preferences, motivations and identity
management (Marchewka and Kostiwa, 2007; Toyama, 2011), socio-political influences (e.g., actors with interests
in maintaining the status quo, power dynamics and social hierarchies in information exchange or sharing) and the
wider institutional environment (policies, incentive systems, funding arrangements, organisation rules and values,
and prevailing communication cultures, etc.)(Ipe, 2003; Leeuwis, 2013; Cieslik et al., 2018).
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2. Discussion and recommendations
The social factors that shape the technologies’ use are discussed below. The factors are
discussed as part of central themes that emerge from the general study findings. Each
theme closes with recommendations for extension policy and practice. These themes
relate to new ICTs’ opportunities for innovation intermediation; the relevance of
classical and conventional communication mechanisms for extension in the digital age;
and farmers’ exclusion from the networked society. Additional themes include new ICTs’
untapped potential for responding to emerging challenges; social media messaging
technologies as drivers of collective action and new ICT extension initiatives’ financial
sustainability. Following the discussion of these themes, are options for future research
and the conclusion of this thesis.
New ICTs’ opportunities for innovation intermediation and limitations in actualising
these potential roles
A prominent theme emerging across the chapters is the disparity between the
opportunities for specific new ICTs to support innovation intermediation and the extent
to which these technologies are used to fulfil these potential roles. This situation applies
to IVR and DaM, but not social media technologies for which a role is ascertained above.
IVR outbound technologies’ potential to provide information speedily to farmers in
Ghana (chapter 2) has been reported as far back as 2013 (McNamara et al., 2012; Dittoh,
Van Aart and De Boer, 2013). Despite the potential for these technologies to provide
farmers with agronomic advice and market information (Aker, Ghosh and Burrell, 2016),
farmers sparingly use IVR technologies. This is due to their preference and ability to
receive support through face-to-face communication from human intermediaries –
mainly public extension agents (chapter 3 and 5)(Aker, Ghosh and Burrell, 2016). These
findings show that even though Klerkx and Gildemacher (2012) see the potential of new
ICT intermediaries in information provision and linking demand and supply side actors in
Europe, this is not the reality in Ghana. Further, though other African studies validate
farmers’ affinity to public extension agents as information sources, and explain their
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sparing use of new ICTs (Tologbonse, Fashola and Obadiah, 2008; Daude, Chado and
Igbashal, 2009; Bernard, Dulle and Ngalapa, 2014; Acheampong et al., 2017), additional
factors can explain the latter. Farmers’ low usage of IVR technologies can also be
attributed to limited exposure (Misaki, Gaiani and Tedre, 2018). This explanation is
prompted by two observations. Firstly, farmers associated with the private extension
organisations that promote these technologies to pockets of farmers are more inclined
to use new ICTs, although farmers generally refer to these sources when public extension
agents are unavailable (chapter 3 and 5). Therefore, the promotion of IVR technologies
by public extension organisations to the broader farmer population they serve could
prompt more farmers to use them and supplement public extension agents’ work. In the
same vein Fabregas et al. (2019) refer to the likelihood of a public-sector role in scaling
mobile based extension and advisory services. Secondly, farmers mainly use their
phones to make and receive calls (chapter 5). Farmers mainly engage with the audio
functions of their mobile phones (Aker, Ghosh and Burrell, 2016), which operate like IVR
technology. Therefore, there are possibilities for more farmers to take advantage of IVR
technologies.
DaM technologies are also underexploited despite their potential to contribute to a
number of innovation intermediation activities (Figure 1). Chapter 3 shows that these
technologies, as part of demand articulation and matching demand and supply, can
potentially support location-based farmer database development for tacit needs
identification, intervention and advice tailoring as well as building the trust of credit
providers to a certain extent. In innovation process management, they can support field
monitoring to improve problem solving to lesser extent. In relation to demand
articulation, the opportunities for the DaM technology, on E-extension and SmartEx, are
not actualised by both the public and private extension organisation. The factors that
contribute to the underutilisation of the DaM technologies include limited funds for
(extension) agents to visit the field (Fabregas, Kremer and Schilbach, 2019) for data
collection and limited funds to access the internet to populate the farmer databases
(chapter 3). Further, limited technical abilities (McNamara et al., 2012) and financial
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incentives to collect data limit E-extension’s use by some public extension agents and
limit SmartEx’s use by a number of Grameen agents, respectively (chapter 3). Further,
DaM technologies are also underutilised in innovation process management. In
particular, they are underexploited for monitoring by extension agents, because they
support information extraction from the field to highest organisational level and
extension field staff do not access the data analytics (chapter 3). In this respect, the
DaMs design excludes field staffs’ information needs, despite the technologies ability to
accommodate these needs - demotivating field staff from using the technologies. Field
(extension) agents respond to these limitations by using WhatsApp groups to support
timely monitoring and feedback loops between organisational levels.
It is also important to note that an additional factor contributing to the low usage of, for
instance the DoM technologies - only present on SmartEX – is the mismatch between
the platform’s design and the main activities and related information needs of the
Grameen agents. This is exemplified by Grameen agents hardly using the elaborate DoM
component on SmartEx, as they consider themselves more of data collectors (chapter
3). While public extension agents have an appreciation for the CABI-Plantwise Factsheet
(DoM technology) that some used in their prominent knowledge advisory role (chapter
3). This is a further indication that the platforms are designed to meet the needs and
assumptions of higher organisation levels. Therefore, there is limited added value for
the agents to use the technologies that have seemingly been developed through a noninclusive process.
All in all, it is evident that despite the capabilities of the new ICTs, social factors limit
their use. These findings align with the concept of ‘mutual shaping of technology and
society’. The concept proposes that when technology is introduced into a context partial
adoption or (use)fulness of a technology’s capabilities is expected (Scarbrough, 1992).
At the same time there is evidence that certain technologies are used in unanticipated,
positive ways. The social-oriented, WhatsApp and Telegram groups, are used in
professional activities, showing that the use of technology in context is difficult to predict
(Stilgoe, Owen and Macnaghten, 2013).
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The findings also point to practical implications of how new ICTs can be used effectively
to support innovation intermediation in Africa. There is need for contextual
considerations in technology design, which should also be an inclusive, anticipatory,
reflexive and responsive process (Stilgoe, Owen and Macnaghten, 2013) to enhance
technology as well as data access (Scarbrough, 1992; Zheng and Walsham, 2008;
Cinnamon, 2020). Whilst, organisations’ commissioning these designs should also look
into data protection and privacy concerns of farmers resulting from the extractive nature
of certain types of decentralised data collection processes (Mann, 2017). This is
important, considering public and development organisation have justified using farmer
data with little to no consent based on using it for development purposes (Mann, 2017).
Lastly, the findings encourage extension organisations to build on existing technologies
(De Bruijn, 2014), and integrate more user-driven technologies such as WhatsApp
(Sulaiman et al., 2012) in technology designs and strategies to broaden extension service
delivery.
Farmers’ exclusion from networked society and leveraging new ICTs through human
intermediaries
Stilgoe et al. (2013) and Toyama (2011) reflect on the negative effects of technologies
and their ability to amplify existing inequalities. For example, technology may foster data
inequalities (haves and have nots) and may not democratise access to information.
Related to these perspectives, social factors exclude farmers from the opportunity to
engage with certain new ICTs and access their benefits (content, decentralised data
provision or information and knowledge exchange). Farmers, comprising key agricultural
stakeholders, are excluded from using social media messengers (chapter 2 and
5)(Fabregas, Kremer and Schilbach, 2019) that could enable them to engage directly or
simultaneously with other agricultural stakeholders, and plug into collaborative
activities related to demand articulation and innovation process management. This
exclusion is due to the mismatch between the technologies design and farmers’
interaction preferences. The other factors limiting Ghanaian farmers’ access to these
technologies relate to their capabilities i.e., limited literacy and limited smartphone
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access (chapter 2 and 5) (Dittoh, Van Aart and De Boer, 2013; Misaki, Gaiani and Tedre,
2018).
Despite the potential of social media, DaM and IVR technology to support innovation
intermediation, a balanced perspective on farmers’ use of new ICTs to benefit from such
processes is required. A perspective that incorporates ICT-based and other
intermediaries. Klerkx and Gildemacher (2012) imply there is a role for non-technological
drivers in facilitating innovation. They put forward that types of intermediaries
(organisations, consultants, projects or ICTs) often exist in combination, and at the same
they suggest limited roles for ICT intermediaries (information provision and passive
matching of demand and supply actors) leaving roles for other intermediaries to fill.
Consistent with these findings, this study finds that farmers benefit from certain
innovation intermediation activities through public extension agents and farmer group
leaders that use new ICTs in their work (chapter 3) (Mccole et al., 2014; Fabregas, Kremer
and Schilbach, 2019). Therefore, even though IVR technology can potentially provide
farmers with agronomic advice, farmers mainly rely on public extension agents in this
regard (chapter 2 and 5). Extension agents access generic knowledge via DoM
technology, such as the Plantwise Factsheet and other sources such as the internet, and
then based on familiarity with farmers’ situations localise the knowledge (chapter 3).
Further, public extension agents where possible engage with farmers face-to-face to
facilitate interactive learning, providing farmers the opportunity to provide input and
seek clarification on the agents’ advice (chapter 5)(Asiedu-darko, 2013). Additionally,
chapter 3 shows that extension agents engage in decentralised data collection on
farmers’ situations as their proxies, while lead farmers use WhatsApp to link the broader
set of farmers they represent with service providers (chapter 5).
From the findings it follows that policy related to farmers’ involvement in new ICT
extension initiatives should not fixate on a technological solution to farmers engaging in
and benefiting from innovation intermediation activities. This is given the current
situation that human intermediaries remain relevant in Ghanaian extension, even in the
digital age. Therefore, extension policy and practice should focus on innovation
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intermediation models involving new ICTs and human intermediaries, alongside
developing new technology skills for these intermediaries (OECD, 2018). This is because
integrated models are more likely to be successful in broader extension service delivery
from a knowledge provision focus (Damtew et al., 2018; Leeuwis et al., 2018).
Conventional communication mechanisms’ relevance to extension in a networked digital
age
Social media platforms, WhatsApp and Telegram, that enable multi-actor engagement
and networked communication are new ICTs identified in this study (chapter 3). Despite
the capabilities of these technologies the findings indicate that face-to-face settings are
more appropriate for facilitating collaborative innovation intermediation activities
(chapter 3 and 4).
The WhatsApp and Telegram platforms in chapter 4 provide equal access to information
for platforms actors, but foster limited information sharing and discussion among them.
Apart from conflict avoidance: platform actors’ reluctance to challenge the contributions
of others to prevent tension rising, actors’ interaction is limited by the hierarchal
relationships in which actors are perceived as knowledgeable and less knowledgeable.
These relationships hamper extension agents, often perceived as less knowledgeable,
from contributing to the platforms because they are worried about sharing wrong
solutions in the presence of subject matter specialist or make them inclined to leave
solution provision to these specialists. This situation does not foster the type of open
communication required to facilitate collaborative activities, such as knowledge
integration and joint problem solving. The study finds these activities occur in face-toface settings, including national stakeholder meetings, district innovation platform or
district extension departments technical meetings or other such meetings that include
district staff from other government departments (chapter 3 and 4). Unlike a previous
study that shows that social media capabilities can support networking to drive
agricultural innovation in Europe (Hansen et al., 2014), this study indicates that in Africa
face-to-face settings are still the central mechanism for not only networking (Molony,
2006), but also for supporting collaboration (chapter 4). Even though face-to-face
205

6

Chapter 6

settings are susceptible to the same interaction constraints as the platforms, they
probably remain prominent in supporting collaboration as they cultivate more trust
between discussants; hence, face-to-face settings create a better environment for active
learning and dialogue than online messaging media (Leeuwis, 2004).
Nonetheless the social media messaging technologies do contribute to supporting
collaborative activities of innovation intermediation when combined with face-to-face
settings (chapter 4). Similar to previous studies (Sulaiman et al., 2012; Materia, Giarè
and Klerkx, 2015), this study reiterates the value of the interplay between virtual
communication platforms and face-to-face settings for knowledge sharing and learning.
However, in this case, knowledge sharing is not mainly between researchers and
extension staff (as in Materia et al., 2015) or among researchers (as in Ahmed, Ahmad,
Ahmad, & Zakaria, 2019), but more between extension staff who make up the majority
of actors on the platforms (chapter 4). Additionally, this study highlights the platforms
support individual-centred as opposed to joint learning (chapter 4).
Returning to the complementarity of the communication mechanisms mentioned –
similar to the review on organisational social media (Van Osch and Coursaris, 2013), with
limited studies on Africa or agriculture, in this study social media supports knowledge
sharing, monitoring, and coordination (chapter 4). Specifically, the WhatsApp and
Telegram groups studied support timelier monitoring through which topical issues for
discussion and action (e.g., pest risks) in face-to-face meetings emerge. The technologies
also support information dissemination and harvesting in coordinating extension
activities, and they support the sharing of (new) production and pest/disease control
techniques (Chapter 3 and 4). Additionally, it was observed (chapter 4) that the social
media messaging technologies provide decentralised information such as experiential
knowledge shared by different actors that potentially feed into knowledge integration
efforts in the extension system. Aside for this the technologies enable the identification
of tacit knowledge gaps (chapter 3), in this way passively contributing to collaborative
demand articulation and joint problem solving processes. These findings align with
Duncombe’s (2016) assertion that face-to-face interaction remains critical for demand
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articulation considering the trust building dynamics in face-to-face settings already
discussed.
Beyond face-to-face settings, the findings show that radio is a prominent medium of
providing advice or raising farmers’ awareness (Chapter 3 and 5). It follows that radio,
which was the major mass communication mechanism in developing countries before
the digital era (1950s to 90s) remains relevant to extension service delivery today (Heeks,
2018). Radio supports one-way information flows and is less interactive than social
media, and also incurs additional costs for recording and redistribution (Heeks, 2018).
Despite these limitations, radio should not be overlooked in disseminating information
to farmers in relation to innovation intermediation. Radio’s relevance is based on three
considerations. Firstly, even though mobile penetration is increasing, radio has extensive
reach in developing countries and attracts a large rural audience (ITU, 2010) - including
farmers (chapter 3 and 5). Secondly, the combination of radio and mobile technologies
has led to radio programmes that are more interactive (e.g., call-ins, beep to vote)
(Asiedu-Darko and Bekoe, 2014; viamo, 2020). Lastly, analogue technologies, such as
radio, are converging with mobile technology i.e., farmers listen to radio over their
phones (chapter 5 - see also Heeks, 2018).
The value of classical communication mechanisms in extension (Krone, Schumacher and
Dannenberg, 2014; Materia, Giarè and Klerkx, 2015) and their complementarity with
new ICTs has implications for extension practice (Leeuwis et al., 2018). The implications
are that strategically embedding new ICTs in the existing media and general
communication landscape of extension, based on their added value is essential to
broadening extension service delivery.
New ICTs’ untapped potential for facilitating new learning and problem solving dynamics
in response to emerging challenges
There is untapped potential for the technologies identified (chapter 2) to contribute to
broader extension service delivery, including the climate change response. There is
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optimism that new ICTs can support the climate change response in four areas:
mitigation, monitoring, strategy and adaptation (United Nations, 2020).
Social media technologies that enable inter-connectivity, user generated content and
fast information exchange among most agricultural stakeholders, excluding farmers
(chapter 2 and 4), can enhance monitoring of the causes and impacts of climate change,
such as new pest to support decision making and strategy formulation. They can also
support adaptation by speedily raising awareness on climate change and its challenges
as well as by identifying and disseminating coping strategies to respond to these
challenges (chapter 4). Further, chapter 2 indicates that IVR outbound technologies can
engage rural farmers directly to support climate change adaptation, if farmers’ barriers
to accessing and using these technologies are addressed.
IVR technologies can also contribute to climate change monitoring and other
decentralised data capture processes that involve farmers providing information to
extension staff or researchers directly. IVR inbound technologies may be used to harvest
feedback or situation reports from farmers (chapter 2) (viamo, 2020) in systemic
problem diagnosis or to further the citizen science agenda through participatory
environmental monitoring (Leeuwis et al., 2018). Alternatively, there is an opportunity
for harvesting information from rural actors with moderate literacy through USSD
enabled Facebook or those with limited literacy and access to smartphones by using the
audio recording function of WhatsApp.
There are additional opportunities for rural actors to provide information directly
through basic phone functions to speed up service providers’ responses in (new) pest
and disease identification (chapter 5)(Aker, Ghosh and Burrell, 2016; Fabregas, Kremer
and Schilbach, 2019). Farmers can use their phone cameras, coupled with Multimedia
Messaging Services29 (MMS), to take pictures and send these images to report pests and
diseases to extension service providers or researchers. These opportunities may
29

The core capability of Multimedia Messaging (MMS) technology is that it enables the sending of messages than do not exceed

160 characters in length, 40 seconds of video and audio recordings and one image using feature or smartphones.
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actualise considering most farmers have access to phone cameras and MMS (Heeks,
2018), and this combination is relatively cheaper than online messengers (e.g.,
WhatsApp) that function on smartphones.
DoM technology, on the other hand, has the potential to contribute to another area of
extension service delivery, namely tailoring advice to farmers and possible other
agricultural value chain actors. These technologies can provide extension agents with
generic knowledge, which they can localise at the farm level (chapter 3). The association
of DoMs to public extension is evident from the findings in chapter 3. The few public
extension agents selected as CABI plant doctors who had access to the Plantwise
Factsheet found this technology useful, unlike the Grameen agents that had access to a
DoM component on SmartEx (chapter 3). It would thus appear that public extension
agents, as central actors in advice provision, are more inclined to engage with such
technologies to further their intermediary work, including disseminating locationspecific coping strategies for climate change related challenges.
The untapped potential of new ICTs discussed above that points to areas for
experimentation mainly relates to older generation mobile technologies, basic mobile
functions and intermediated usage. This focus avoids the over-emphasis on new ICTs
and smartphones as innovative solutions, because the majority of farmers, and other
rural actors, have basic and feature phones (chapter 5; see Heeks, 2018) and they
leverage new ICTs through human intermediaries (chapter 3).
User-driven social media messaging technologies as drivers of collective action
The study establishes that social media messaging technologies can play a role in
achieving collective goals related to innovation intermediation (chapter 4). These
technologies are used by extension staff and researchers in pest and disease
management for joint monitoring of pest/disease emergence and coordinating
information and knowledge dissemination to respond to these threats. These collective
goals are achieved through a nuanced version of connective action - forms of collective
action that occur without strong organisational coordination, and
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networking and self-organisation of multiple actors, enabled by social media to achieve
collective goals (e.g., Arab Spring) (Bennett and Segerberg, 2012). Further, the type of
connective action identified does not involve solving collective action problems, but
achieving the collective goals aforementioned.
Three factors can explain the actualisation of the roles above. First, extension staff use
social media messaging platforms more actively than organisationally-driven
technologies (DaM technology - Chapter 3), because they are part of interaction in everyday life (Leeuwis et al., 2018). They are easy to use (chapter 3) and are an accessible
means of interactive and immediate communication (chapter 2). Second, is because they
largely emerge as bottom-up initiatives - initiated by mid-level staff in both organisations
(chapter 4). The third enabling factor is that internet costs for the work-related
WhatsApp group are covered by platform users who primarily use WhatsApp for social
interaction.
The enablers of social media use that support platform actors to meet collective goals
back Sulaiman et. al.’ (2012) and Bennett and Segerbergs’ (2012) optimism of userdriven platforms, such as Facebook, in enhancing knowledge sharing and driving
connective action respectively. Although this study specifically focuses on WhatsApp and
Telegrams, which are more appropriate than Facebook, to achieve collective goals
related to innovation intermediation in Ghana. Further, the study shows that these
technologies that are promising for African extension in this regard support a nuanced
version of connection action. In this study, social media technologies support what
Bennet and Segerberg refer to as organisational enabled-connection action: actors still
network to share personal experiences, views as well as information, but with a level of
moderation by the organisation in which the technologies are embedded (Bennett and
Segerberg, 2012; Cieslik et al., 2018). Additionally, the study finds the problems the
technologies address do not qualify as collective action problems. This is because the
platform users cooperate to mitigate a problem (fall armyworm) based on their
professional mandate (chapter 4). Therefore, unlike a group of farmers with adjacent
fields responding to a transboundary pest problem (Damtew et al., 2018), cooperation
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between the social media platform users (extension staff and researchers) is not marred
by conflicts of interest, free-riders or the tragedy of commons problems - characteristics
of collective action problems (Olson, 1965).
The findings on connective action and collective action problems raise two questions.
Firstly, whether connective action as a concept is more appropriate for analysing political
movements as opposed to interaction in professional (agricultural) organisations and
networks. Secondly, whether collective action problems are more of an issue at the farm
level and not the organisation level.
Financial sustainability of new ICT extension service delivery initiatives
The sustainability of ICT initiatives is a major concern in the ICT4D field (Heeks, 2018).
For the public (E-extension) and NGO/private (SmartEx) led new ICT extension initiatives
investigated in this study there are indications that financial sustainability is a key
problem (chapter 3). The financial sustainability of these and other ICT4D initiatives
raises concerns, because they are mainly donor-funded (Ali and Bailur, 2007) and donorfunding is tied to projects that are time-capped. This is a situation that often leads to
project discontinuities as donors require new ICT initiatives that are largely rolled-out by
government departments and development organisations to commercialise in a limited
space of time (Qiang et al., 2012; Robert, 2018), when these organisation often focus on
social impact and often lack the business acumen to do this. Further, the initiatives
mentioned (E-extension and SmartEx) duplicate each other in terms of content (chapter
3). This duplication reflects on the instability of the new ICT service delivery landscape,
where new and similar initiatives are continuously piloted; thereby splitting the limited
funds available in the ICT4D field (Robert, 2018).
Concerns over the sustainability of ICT initiatives have not been addressed even as far
back as the height of ICT4D agenda in 2000 (Toyama, 2009; Marais, 2011). This and the
issues raised above prompt questions on how the initiatives studied can achieve
sustainability. The first question is, if commercialisation is currently prioritised as a route
for financial sustainability (Robert, 2018), do government departments and
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development organisations have the capacities to drive these initiatives to financial
sustainability, or do they need to develop or incorporate the skills required for this. The
other question is whether the public and private initiatives that have similar data needs
would benefit from partnering to share development, scaling and operations costs amid
the (donor) funding limitations of public and private extension organisation (Bennett,
1996; Pretty, Toulmin and Williams, 2011).
Contrary to the initiatives mentioned, financial sustainability is seemingly less of an issue
for the user-driven social media platforms identified in this study. This is because the
platforms users, mostly extension staff, cover their internet costs and the organisations
using them do not pay any development costs. It is debatable whether extension staff
covering the costs for work-related communication is sustainable. One view is that
platform users are willing to pay for primary benefits of these technologies, while
simultaneously accessing secondary benefits such as work-related interactions. In any
case, alternative funding sources to donor funding are needed to support new ICT
initiatives for extension service delivery in Ghana.
Reflection on ICT4D theory
Prominent development informatics scholars call for ICT4D research with stronger
theoretical grounding to understand ICTs role in development, even if the field is
practical (Avgerou, 2017; Walsham, 2017; Heeks, 2018; Sein et al., 2019). Theories are
emerging to respond to this call. These theories are based on adaptations and
combinations of theories from different fields, including development studies,
informatics, organisational studies, communication studies (Sein et al., 2019). The
theories being advanced seek to understand ICTs’ inherent technical features as well as
to understand the context in which ICTs are introduced to establish the extent their
inherent capabilities are made useful (e.g., socio-technical systems, design and reality
gap framework, capabilities approach)(Toyama, 2011; Heeks, 2018; Sein et al., 2019).
Against this background, this study’s underlying perspective of the mutual shaping of
technology and society to explain the relationship between new ICTs and innovation
intermediation can be seen as appropriate. Through this concept the study avoids a
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deterministic view of technologies’ inherent capabilities, and instead takes a contingent
(socio-technical) perspective on their influence in context by identifying social factors
that limit or enable the technology’s use. However, this general concept could have been
linked better to new ICTs in particular. The study could have benefited from a more
specific analytical framework. For instance the onion ring -model or design- reality gap
framework (see page 32 and 34 in Heeks, 2018) might have enabled better anticipation
of the social factors that shape new ICTs use based on information system levels and
dimensions.
In a similar light this study adds to ICT4D theory. It connects the analytical framework of
intermediation capabilities to the broader concept of bridging mechanisms (chapter 2)
and contributes to theory. The framework describes the ways actors can connect
(communication and networking function) through new ICTs to facilitate innovation
intermediation, and is useful for establishing new ICTs’ inherent technical features or
actual capabilities in context. The framework builds on a similar framework of six social
networking functions30 developed by Hansen et al. (2014) in three ways - see chapter 2:
1) by creating a clear distinction between functions by merging and embedding
overlapping functions (engagement, discussion, cooperation) into broader functions
(coordinating and co-creation); 2) by including additional functions relevant to
facilitating innovation intermediation, namely harvesting, matching, coordinating; and
3) by categorising all the functions according to three levels of interaction, from linear
to more networked communication.

30

Engagement, discussion, crowdsourcing, networking, co-production and cooperation (Hansen et al., 2014).
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3. Future research
The section outlines future research agendas that emerge from the study insights.
Social media platforms, the tension between their social orientation and professional
uses
From this study WhatsApp and Telegram platforms are highlighted as promising for
enhancing communication and interaction in extension service delivery, in Africa.
However, despite the potential of these technologies and the growing use of social
media in professional activities (Ahmed et al., 2019) the tension between their social
orientation and professional use requires investigation. This investigation could target
platforms users in formal organisations to establish their views on the extent to which
these social spaces can function professionally. The research could investigate issues
such as the factors and conditions influencing the technologies use in professional
activities, the challenges of using these platforms for these activities and also issues
related to their financial sustainability. The research could also investigate the
challenges of regulating these platforms for professional use, issues of individual and
organisational data protection, the extent to which the establishment of formal
WhatsApp group infringes on users’ privacy or enables ethical compliance. These
concerns are topical issues of the digital society that could inform ICT policy geared
towards addressing the downside of these technologies (Heeks, 2018).
Comparing the interaction dynamics in face-to-face and virtual settings for collaborative
activities
There is also need for research that compares the use and influence of face-to-face
meetings and social media in collaborative extension (innovation intermediation)
activities. This research direction is prompted by the lack of clarity on which technologies
or communication mechanisms have high capabilities to support networking and cocreation (chapter 2), and the indication that face-to-face meetings are better suited for
these functions that involve multi-actor engagement and intensive interaction (chapter
4). The research would interrogate if indeed face-to-face settings create a better
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environment (sense of trust or privacy) for active learning and dialogue than online
messaging media (Leeuwis, 2004), and whether and to what extent interaction in these
setting is also susceptible to social and political influences. Additionally, this research is
important in the wake of Covid-19, where virtual interaction is taking precedence over
face-to-face interaction to curb the spread of the novel corona virus.
Re-orientation of new ICT research to mixed communication medium designs
Another relevant research agenda relates to re-orientating new ICT research to focus on
mixed media (classical and new) designs, and inclusive and responsive design processes
(Leeuwis et al., 2018). The study shows across the core chapters that human
intermediaries and conventional communication mechanism, alongside new ICTs, can
facilitate broader extension service delivery in Ghana. It follows that the combination of
these mechanisms could potentially facilitate innovation intermediation in other African
contexts. These possibilities stress that new ICTs cannot be studied in isolation.
Therefore, experimenting with different configurations of these types of communication
mechanisms with potential users and accompanying social enablers would be of value
to identify future, functional innovation intermediation models. A starting point of
inquiry would be the configuration of public extension agents, face-to-face meetings and
more user-driven media, WhatsApp groups, that are highlighted as drivers of innovation
in this study.
Expanding the knowledge base on new ICTs’ role in innovation intermediation in Africa
Also, of importance is research comparing this study to similar studies. This study
provides insight on the opportunities and the role of the new ICTs in broader extension
service delivery, based on the specific organisation and user needs, and situations in the
Ghana. The study cannot predict which new ICTs can successfully support specific
innovation intermediation activities in other contexts, though it provides positive and
negative indications for some possibilities in Africa. Therefore, considering context is key
to outcomes of studies on this topic, and Osch and Coursaris (2013) call for more studies
on new ICTs’ capabilities, further research on new ICTs’ opportunities and their
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contribution to supporting innovation intermediation in other contexts would be of
value. The research would build a broader knowledge base on this topic to enable the
comparison of study findings.
Building on a method to analyse interaction over social media messengers using network
analysis
Additionally, this study prompts method focused research. In the ICT4D field, few studies
have applied social network analysis (Renken and Heeks, 2018). This study contributes
to this knowledge base, providing a method to analyse the communication and network
structures of actors interacting over WhatsApp and Telegram group. Based on the
platforms’ data structure, certain assumptions were made on what could be considered
dyadic connections between actors to facilitate social network analysis. Considering the
novelty of social network analysis to the field and that social network analysis “is often
used without considering how the novel capabilities of social media platforms might
affect the underlying theories of social network analysis, which were developed
primarily through studies of offline social networks,”(Labianca, Kane, & Borgatti, 2014:
274), research duplicating the method, to test it and build on it would be valuable.
New ICTs’ contribution to building the capacity of extension staff for innovation
intermediation roles
Lastly, beyond this study’s scope, the use of Telegram in informal training (lectures) of
extension staff (chapter 4) indicates that research into the education institution - new
ICTs - extension interface of the extension system is required. Given that online
education or training could support extension staff to develop (new facilitation and ICT)
skills required to engage in innovation intermediation roles, research on new ICTs’
contribution to this process of capacity building would be useful. This research is also
consistent with the call by McCampbell et al. (forthcoming) for organisations to develop
their identities in the digital age by acquiring new skills. Additionally, this research is
timely because the online education and training environment has been prioritised over
the prevailing face-to-face learning environment in order to support social distancing
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and limit the spread of the corona virus. During the COVID-19 pandemic, the Association
of African Universities has called upon its member institutions to teach using technology
and other distance learning techniques (Dell and Sawahel, 2020). Therefore, there are
opportunities to investigate the possibilities of use and effectiveness of specific new ICTs
(YouTube, WhatsApp, Zoom) for online extension education or informal training
activities (discussions, lectures) during the pandemic, and as there may be long term
benefits of such approaches.
4. Conclusion
Given that new ICTs have the potential to support new ways of connecting people and
sharing information, this thesis investigated the role of new ICTs in supporting
innovation intermediation. Responding to the call for more theoretically grounded ICT4D
research, the underlying perspective used to investigate this relationship is the concept
of mutual shaping of technology and society. Through this socio-technical perspective,
it is established that indeed, technologies’ inherent capabilities are not applied entirely,
and that social factors define how technology is made useful based on user’ needs,
preferences, abilities and situations. At a broader level, the confirmation of the concept
reiterates lessons on the progression of alternative technological revolutions (e.g., the
Green Revolution). These lessons from the past have implications for how we think
about technological revolutions at present and in the future. This is that once the hype
surrounding specific technologies subsides, they appear to be less of magic bullets as
their contribution to society is discovered, alongside the (new) problems they introduce.
Nevertheless, by linking the topical areas of new ICTs’ inherent capabilities and
innovation intermediation, opportunities are identified for these technologies. Out of
the various types of technologies functioning in the Ghanaian agricultural system, IVR
outbound, DaM and Social media messaging technology have the potential to contribute
to select innovation intermediation activities, while complementing conventional
communication mechanisms (face-to-face setting and radio) and human intermediaries
(public extension agents) in these processes. A role is identified for social media
messaging platforms to support timely field and pest or disease monitoring, the
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coordination of last mile extension activities, and information and knowledge
dissemination to support individual-centred learning and problem solving in extension
systems. However, despite these social media platforms fostering multi-actor
engagement for these activities, none of the technologies studied were identified as
having the potential to facilitate more collaborative and interactive innovation
intermediation activities. For these types of activities related to demand articulation and
innovation process management, there were indications that face-to face settings are
more appropriate. Further, the study finds that IVR outbound technologies have the
potential to support immediate information access for farmers, and DaM technologies
the potential to support the development of farmer databases. These databases in turn
supporting farmers’ tacit needs identification for extension intervention planning and
advice tailoring. However, the potential of IVR and DaM technologies is far from realised,
and this is due to social, organisational and institutional factors.
Finally, from these overarching findings, three conclusions and associated implications
for extension policy and practice are drawn. Firstly, new ICTs’ inherent technical features
do not determine their application, but social factors in a given context shape their use.
Therefore, it is advised that contextual considerations and participatory technological
design are engaged to foster technological access and realise new ICTs’ potentials.
Second, new ICTs cannot replace other communication mechanisms and should not be
looked at as a specific solution to the limitations of extension systems. Therefore, they
should be explored in combinations with classical media and face-to-face settings, and
integrated into the communication landscape of extension processes where they are
appropriate and add value, as this is where huge opportunities for facilitating innovation
intermediation lie. Third, human intermediaries remain relevant for farmers to access
agricultural services, even in a digital age, as farmers face certain barriers to leverage
new ICTs directly for these purposes. Hence, innovation intermediation models should
incorporate human intermediaries, alongside new ICTs, to have better chances of
functioning effectively.
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Classical extension focuses on linear transfer of technology. Globally, and in Ghana
particularly, we have seen attempts to address the linearity of classical extension with
the shift to broader extension service delivery approaches - extension approaches that
transcend technology transfer to include broader facilitation roles for extension staff.
From an innovation systems perspective innovation intermediation is suggested for
extension organisations to function more effectively and respond to wider agricultural
system constraints. This involves three facilitation roles demand articulation, matching
demand and supply, and innovation process management. Both public and private
extension service providers in Ghana are expanding on the services they deliver.
However, these efforts are hampered by human and financial resource constraints. At
the same time, there is emphasis on exploring new Information and Communication
Technologies’ (ICTs’) potential to improve and upscale extension service delivery.
Despite this, there is limited knowledge of new ICTs’ potential and contribution to
facilitating innovation intermediation.
Considering that new ICTs can enable new ways of connecting people and sharing
information this thesis sought to answer the research question: what roles do new ICTs
play in supporting innovation intermediation in the Ghanaian extension system? To
answer this research question four studies corresponding to the thesis’ empirical
chapters were conducted. The studies relate to (1) new ICTs’ capabilities to support
communication and networking functions that are relevant for innovation
intermediation (chapter 2), (2) the role of new ICTs in supporting innovation
intermediation in a public and private extension organisation (chapter 3), (3) the
contribution of social media to facilitating open communication spaces to support
knowledge sharing and other forms of collaboration involving extension staff and
researchers; and (4) farmers’ choices of information sources for managing new,
emerging pests (chapter 5). Brief descriptions and summaries of the chapters’ findings
are provided below, and this is followed by the main conclusions and implications of the
study as a whole.
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The first empirical chapter, chapter 2, investigates the capabilities of new ICTs to support
seven forms of intermediation: disseminating, retrieving, harvesting, matching,
networking, coordinating and co-creating. Out of different types of technologies
functioning in the Ghanaian agricultural system, the study finds experts (scientists,
researchers, practitioners) see opportunities for Interactive Voice Response (IVR)
technologies to support action-oriented, linear intermediation such as disseminating,
retrieving, harvesting and matching. As for the other more interactive intermediation
capabilities, experts agreed that social media messaging technologies can support
coordination to a certain extent. However, there was no consensus among experts on
which new ICTs can currently support networking or co-creating.
Chapter 3, investigates the use of new ICTs platforms E-extension and SmartEx in a public
and private extension organisation to support innovation intermediation. Interviews
with extension staff and observation of field agents show that both organisation use
Data Management technologies (DaM). These technologies that support decentralised
data collection can contribute to particular innovation intermediation activities related
to demand articulation and innovation process management. They can enable farmer
database development to: 1) support tacit needs identification for intervention and
advice tailoring; and 2) build the trust of credit providers to serve smallholder markets
to a certain extent as well as enable production practices or pest occurrences monitoring
to lesser extent. Despite this, their potential to support these activities are far from
realised and this is due to social, organisational and institutional factors. Therefore, faceto-face communication and settings remain relevant to extension service delivery in the
given context and remain better suited to supporting more interactive and collaborative
innovation intermediation activities.
Chapter 4 analyses the interaction of actors on two social media messaging platforms to
investigate their [the platforms] contribution to facilitating open communication spaces
to support collaboration involving researchers and extension staff. The platforms are
associated to an extension organisation (comprising extension staff) and a research
institution (comprising extension staff and researchers). The platform content analysis
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and social network analysis revealed that the platforms possess centralised network and
communication structures - suggesting that platform users participation in especially
sending messages over the platforms is non-egalitarian. This situation is influenced by
social hierarchies, organisational rules and users’ identity management tactics. This
means that the platforms’ network-communication structures do not facilitate open
communication spaces, and as such are not suited for collaborative innovation process
management activities (knowledge integration and joint problem solving). Nonetheless,
the platforms support the coordination of extension activities on the ground,
information dissemination and harvesting for pest/disease monitoring by the
organisations, and knowledge sharing involving extension staff and subject matter
specialists for individual-centred learning and problem solving by users (mainly public
extension agents). The ability of the platforms to support these activities indicates that
the technologies are likely to generate useful input for knowledge integration and joint
problem solving in complementary face-to-face settings.
The last chapter engages with farmers through semi-structured interviews to establish
and understand their information source choices for managing a new pest, fall
armyworm. The findings show that from a range of sources farmers rely on public
extension agents for most dimensions of fall armyworm management, specifically pest
identification, accessing control advice and identifying input providers. While for pest
alerts, they listen to the radio. Farmers mainly engage with public extension agents
because of their perceived credibility. Additionally, the study reveals that farmers use
new ICTs sparingly in fall armyworm management. Despite this, the study does points to
ways farmers use mobile technology conventionally to access agricultural information.
These include making phone calls and listening to radio over their mobile phones. The
study further points to opportunities for farmers to engage with IVR technologies that
work similarly to their prevailing mobile phone usage.
Overall, the study finds that there are opportunities for IVR outbound, DaM and social
media messaging technology to contribute to innovation intermediation activities, and
these technologies complement human intermediaries (public extension agents) and
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conventional communication mechanisms (face-to-face settings and radio) in these
activities. These insights lead to three conclusions and associated implications for
extension policy and practice. Firstly, new ICTs’ inherent technical features do not
determine their application, but social factors in a given context shape their use.
Therefore, it is advised that contextual considerations and participatory technological
design are engaged to foster technological access and realise new ICTs’ potentials.
Secondly, new ICTs cannot replace other communication mechanisms. Therefore, they
should be explored in combination with classical media and face-to-face settings, and
plugged into extension processes where they add value, as this is where huge
opportunities

for

facilitating

innovation

intermediation

lie.

Thirdly,

human

intermediaries remain relevant for farmers to access agricultural services, even in a
digital age, as farmers face certain barriers to leverage new ICTs directly for these
purposes. Hence, innovation intermediation models should incorporate human
intermediaries alongside new ICTs to have better chances of functioning effectively.
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