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Abstract

The rapid diffusion of mobile phones and the internet in Kenya is hoped to be an effective solution
to meeting the crucial information needs of smallholder farmers to improve their economic and
environmental resilience. This thesis conducts a case study based on interviews with actors who
provide digital agricultural extension services to farmers in Kenya to assess the Agricultural
Innovation System (AIS), and its features and current trajectory. It finds that the sector constitutes
the stagnation phase of an opportunity-driven trajectory. Vital to the AIS is the role of international
donors and NGOs, who have fueled the rapid growth of digital extension services leading to a
heavily saturated and fragmented sector, whereby collaboration mirrors the cyclical and short-term
nature of donor funding and NGO projects. Networks amongst Kenyan actors are rarely sustained
without international involvement, and the emphasis on funding towards a social impact, however
important, has neglected the financial sustainability of the services. The building of trust across
actors, and especially smallholder farmers, is hampered as the high turnover in the sector leads to
fatigue due to the constant registration required to utilize services and a growing digital confusion
resulting from the superfluous number of digital services and the lack of coordination between
them. The public sector was found to be passively supportive in terms of the underlying ICT
infrastructure in Kenya but not well-aligned with the needs of the private sector and the digital
extension services themselves due to a pervading lack of trust between both sectors. Digitalization
was found to also provide creative opportunities for interaction with smallholder farmers to
improve inclusivity in the sector, yet in-person interaction is still viewed as vital in this regard.
Conventional roles occupied within the agricultural value chain, such as intermediaries and
extension officers, were not transformed by digitalization as has been posited, rather the tasks
associated with their roles have been redefined rather than replaced.
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1. Introduction

1.1 Research Problem

The agricultural sector remains a vital source of livelihood in Sub-Saharan Africa (SSA) and is
therefore linked to achieving development outcomes, such as those detailed by the Sustainable
Development Goals (SDGs). Kenya, the 4th largest economy in SSA, is no exception. 72 percent
of the population live in rural areas with 54 percent actively employed in agriculture contributing
to 23 percent of overall GDP (World Bank, 2022a; b; c). A vast majority of them are smallholder
farmers who produce 63% of total food production (Rapsomanikis, 2015). Considering a growing
population and middle class with evolving changes in dietary preferences there is a pressing need
to increase agricultural productivity amongst smallholders to accommodate for the growing
demand for food and combat food insecurity (Osiemo et al, 2021). However, productivity,
particularly amongst staple crops, has stagnated in recent decades and is unable to accommodate
the growing population (Kogo et al, 2020). Agricultural practices have also received attention
concerning their environmental sustainability, not only in the mitigation of ecologically harmful
activities but in the adaptive capacity, particularly of smallholder farmers, to respond to growing
pressures from climate change and extreme weather events which have become increasingly
common in Kenya (Mulinge et al. 2016).

Whilst the challenges smallholders face in increasing agricultural production are multifaceted, this
thesis focuses on the issue of access to information and inputs. Knowledge deficits in agriculture
hamper farmers in several ways. Firstly, farmers are vulnerable to exploitation on behalf of the
intermediaries they often rely on to sell their crops as their bargaining power is constrained by
either a lack of knowledge of market prices or an inability to act upon available knowledge. The
latter may be a result of their remoteness or the involved relationship they may have with the
intermediary. This results in the income they receive is not proportional to the value of their
produce (Deichmann et al. 2016). Secondly, effective crop management is not universally
employed due to either a lack of awareness or understanding of its benefits and reliance instead on
traditional methods, such as continuous cropping, which tend not to be as effective or
environmentally sustainable (Dalimer et al., 2018). Thirdly, farmers lack access to weather
information and meteorological data. This would help improve farmers' resilience to changes in
weather and better accommaodate for increasingly abrupt and unpredictable weather events. Lastly,
the availability of financial resources and agricultural inputs is also a critical factor in determining
a smallholder's productivity (Krell et al, 2021). Important in improving and providing information
to farmers are the available extension services that allow for linkages between research and farmers
to be facilitated. Extension services for this thesis can be defined as the dissemination of
knowledge to “advance not alone production knowledge but the whole range of agricultural
development tasks, such as credit, supplies, marketing and markets” (Rivera et al., 2001, p.9). Yet



as will be discussed in the background of this thesis and is indicated by the continuing low
agricultural productivity in Kenya, they have largely been unsuccessful because of their limited
scope, available resources, and the irrelevance of the information or constraints on effectively
utilizing available information.

Considering the issues faced by agricultural extension services, the emergence of Information and
Communication Technologies (ICT), notably mobile phones and the internet, has offered renewed
hope for improving the reach and relevance of agricultural extension in Kenya. The country has
done comparatively well in attracting investment into the ICT sector internationally, cultivating an
environment that has been dubbed the “Silicon Savannah” due to the concentration of digital
initiatives and start-ups (FAO and ITU, 2022, p.155). The digitalization that these investments
have enabled has been argued by both international development agencies and the Kenyan public
sector alike to possess significant potential for disseminating and fulfilling the information needs
of smallholder farmers. In the form of either SMS services or smartphone applications, a plethora
of digital agricultural extension services have emerged. According to Mabaya and Porciello
(2020), Kenya has one of the largest concentrations of digital initiatives relating to agriculture in
SSA, with about 115 having at least a local presence whilst 64 have their headquarters in the
country (Mabaya and Porciello, 2020, p.72). It is argued that these services can effectively
collapse the distance that had traditionally hindered previous extension services from reaching
smallholder farmers and raise their productivity as information and knowledge can flow more
freely across economic sectors and lowering overall transaction costs normally associated with
agriculture in SSA (McCampbell et al, 2021). Yet despite the involvement of international and
local actors and existing investment in ICT infrastructure, the adoption and use of these services
amongst smallholder farmers remain low (Deichmann et al, 2016).

1.2 Scope and Aims

The scope of this thesis is to examine the agricultural innovation system (AIS) that facilitates
digital agricultural extension services in Kenya. Before explaining the motivations for such an
approach a few definitions are required. The concept of innovation is utilized in a broad sense,
meaning that it is not only limited to inventions but also how existing elements, whether they may
be technological, sociological, or institutional, can be reconfigured to produce novel solutions of
economic and social significance. An innovation system is therefore the network of organizations,
enterprises, and individuals active in producing these solutions as well as the institutions that shape
their behavior and performance at a given level of analysis, which is in the context of this thesis
confined to the digital agricultural extension services sector in Kenya (Hall et al, 2007, p.18). In
this context, this research explores the way these networks of actors facilitate digital extension
services in Kenya and how they are shaped by the public sector. The strengths and weaknesses of
these linkages and flows of knowledge are important in the eventual effectiveness of the services



in disseminating information to farmers as well as how receptive digital extension providers are to
shifting demands from farmers, other actors, or an exogenous change in the economic
environment.

To do so, this thesis asks the following questions.

1. How do the different actors involved in digital agricultural extension services in Kenya
shape collaboration and interaction amongst each other?

2. How supportive has the Kenyan public sector been of digital extension services?

3. How do the factors above reflect the trajectory of innovation in the sector?

The last question reflects this thesis’s grounding in Hall et al’s (2007) theoretical framework that
assesses the features of an AIS at a given point in time, describing two different triggers to
innovation referred to as the orchestrated and opportunity driven trajectories each involving
several phases of development culminating in a dynamic AlS. By evaluating how different actors
in the sector interact and collaborate and the role of the public sector as indicated by the first 2
questions, this research can then infer the trajectory and current phase of the sector. This allows
for a descriptive analysis to be performed, and for the opportunities and challenges in the sector
to be brought to the forefront. As mentioned previously, an innovation system involves a
complex network of actors whose behavior both shapes and is shaped by the socio-political

and economic context of Kenya. Previous research has thus far neglected how the nature of
different actors' involvement in digital agricultural extension services shapes the kinds of
collaboration and interactions amongst themselves, and how smallholder farmers are included in
their development. This research aims to fill this gap. Implied by the low adoption of digital
services despite their relative abundance is that the AIS experiences several idiosyncrasies

and obstacles to its effective functioning. To understand why this is the case this thesis has
conducted 5 interviews to highlight the nature of networks in the sector and the attitudes

and practices of respective stakeholders towards collaboration and interaction. In doing so, the
eventual findings of this research allow for a reconsideration of how different actors approach
the sector and how the desired social and environmental outcomes can be realized for the benefit
of smallholder farmers and the wider society.

1.3 Outline of Thesis

This thesis is organized as follows. Section 2 presents the context of previous extension services
in Kenya and a brief description of the existing ICT infrastructure in the country. Section 3
describes the theoretical framework operationalized by this thesis. Section 4 discusses previous
literature on the AIS Kenya and digital extension services more generally, as well as pointing out
the gaps filled by this research. Section 5 details the methodological design of the research, as well



as acknowledging the limitations of the study. Section 6 presents the findings of this thesis and
discusses them in relation to the theoretical framework and previous research. Section 7 concludes
and provides recommendations for future research and policymaking.

2. Background

To understand the context in which digital agricultural extension services find themselves, this
section considers the historical development of extension services in Kenya over time to illustrate
the challenges it has faced and why they have been relatively unsuccessful. The basic features of
the ICT sector in Kenya are also discussed to highlight why the country has become a hub for
investment and initiatives as described in this thesis's introduction. The aspects of AlS and the way
actors shape collaboration and interaction amongst themselves are as mentioned heavily ingrained
in the context of the country, which requires some elaboration to situate the eventual findings of
this paper.

2.1 Background of Agricultural Extension Services in Kenya

Kenyan extension services have evolved from largely government-driven approaches since
independence to a greater plurality of actors in recent years. Public initiatives have generally
focused broadly on food production, whilst parastatal organizations, cooperatives, and some out-
grower companies have offered extension services towards specific commodities, mostly
commercial crops like tea and coffee (Mukembo, 2015). Initial models for agricultural extension
services were based on the triad of farmers' participation with extension workers and research
institutions known as the farming systems research and extension model which lasted from 1965
until the early 1980s. Farms would be chosen to undergo trials for new techniques and crops based
on their previous performance and the quality of the arability of the land they possessed (Nambiro
and Omiti, 2007). It was hoped that the knowledge provided to these farmers would then spill over
to other farmers (Okello et al, 2014). Except for the new form of hybrid maize that was introduced,
this model was largely unsuccessful in improving smallholder agricultural productivity as the
methods of incorporating farms into extension favored larger more affluent farmers, and the hope
of knowledge dissemination was not realized as it failed to account for the diversity in agricultural
landscapes and farmer attributes in Kenya (Nambiro and Omiti, 2007).

In light of its limitations, a new training and visit model to extension was incorporated in 1982
heavily supported by the World Bank, largely inspired by its success in India and Turkey (Davis
and Place, 2003). As the name suggests, extension services were now predicated on equipping
extension workers with the requisite knowledge and skills who would then frequent farms to pass



it on to farmers. The model continued with a top-down approach characterized by uniformity and
inflexibility, meaning that the issues of the previous models to reach smallholders and provide
them with relevant information continued. Extension of research was concentrated amongst
specific crops, resulting in the information being irrelevant for smallholders who were growing
other crops (Nambiro and Omiti, 2007). Remote and resource-poor farmers remained neglected
whilst larger farms or smallholders in high-value plots benefited from available knowledge. The
extension services implementation was generally ineffective due to poor management, a lack of
funding, and generally under-skilled extension workers (Lopokoiyit et al, 2012). They would also
be complemented by radio and television broadcasts but these were largely ineffective due to
issues of coordinating their airing with farmers' activities as well as the information being
irrelevant by the time it was aired (Okello et al, 2014). Training and visiting farm costs would be
highlighted by the deteriorating economic landscape of the 1980s, where high oil prices and rising
budget deficits would severely constrain governments' capacity to fund agricultural extension
services (Davis and Place, 2003).

The failure of public extension services and growing international pressure toward liberalization
saw them become increasingly privatized as Structural Adjustment Programs (SAPS) were
introduced from the 1990s onwards (Lopokoiyit et al, 2012). This allowed for the private sector
and civil society, namely NGOs, to begin to provide their agricultural extension services in the
wake of a retreating public sector. Theoretically, increased diversity and the number of actors in
the sector could contribute to increased competitiveness and sources of funding to not only reach
more farmers but distribute resources more efficiently. Whilst the private sector may not be
hindered by the bureaucratic delays associated with the public sectors and be more attuned to
demand, as profit-seeking entities their extension services perpetuated outreach to larger and more
commercially viable farms that had already disproportionately benefited in decades prior. This in
part explains the emergence of NGOs in Kenyan agriculture, as their more holistic and not-for-
profit approach, could be a more suitable substitute for the public sector in reaching poor and
remote smallholder farmers (Muyanga and Jayne, 2008). The turn of the 2000s witnessed an
eventual recognition of the importance of more participatory and demand-driven extension
services, as outlined by the National Agricultural and Livestock Extension Program (NALEP)
launched in 2000. Symbolic of this, Common Interest Groups (CIG) were formed where farmers
active in similar activities were brought together to mediate their demands to extension officers
from either the public sector or more commonly now civil society (Muthoni, 2018).

Extension services still struggle to not only reach farmers but also provide them with relevant
information, arguably the increased competition brought by the private sector has in some ways
impeded the broad diffusion of technologies in agriculture. NGOs are hampered by short-term and
results-driven project designs limited in scope. Extension workers continue to be underequipped
to handle the administrative and interpersonal dimensions associated with interacting with farmers



(Muyanga and Jane, 2008). The high ratio of farmers to personnel further constrains their capacity
to provide individual farmers with relevant advice. Whilst it is hoped that ICT can help lessen the
burden to an extent, the actual digital capabilities among both extension workers and farmers alike
remain low (Muthoni, 2018). Whilst agricultural performance in Kenya has been stunted for
various reasons, it can be said that the extension services up until now have largely failed to equip
Kenyan smallholders with the adequate information and practices needed to improve their
resilience towards external shocks. As digitalization enables more extension services to be
provided, the ways these new and old actors collaborate and interact with each other as well as
how well incorporated farmers are in this process will likely play a role in the efficacy digital
extension services will have in lowering the overall vulnerability of the sector.

2.2 The ICT sector in Kenya

The ICT sector has grown substantially in Kenya since the early 2000s. Before this, ICT during
the latter parts of the 20th century was generally neglected as it was feared it would undermine the
political legitimacy of President Daniel Arap Moi’s regime (1978 - 2002) by giving political
opponents a platform. Skepticism towards computers and the like was a result of public sector
fears that the technologies would reduce employment in the sector, so much so that the Kenyan
government banned computers entirely in public offices in the 1980s (Ndemo and Weiss, 2017).
As was the case with agriculture, the subsequent decade would be marked by increasing
international and domestic pressure to liberalize the sector and open it up politically. Initial reforms
under the Moi regime, such as the 1998 Kenya Communications Act, did distribute responsibility
for the sector to several different institutions, yet remained politically closed. The 2002 election
and resulting change in political power induced the first serious attempts at liberalizing the sector.
2004 would see the end of Telkom Kenya's monopoly in the sector, which allowed other firms,
notably Safaricom though initially a subsidiary of the former, to enter the market (Munyua, 2016).
Substantial investment in ICT infrastructure would begin in 2009 with the first undersea internet
cable, known as The East Africa Marine System (TEAMS), with a further five being built in the
ensuing decade. The ICT sector in the first decade of 2000 had an annual growth rate of 20 percent
(Baumuller, 2016).

The growth of ICT in Kenya was abetted by the rapidly declining prices of phones and the internet
globally. The role of ICT would be highlighted in public vision through its various National
Broadband Strategies (2013 and 2018) and more generally in its vision 2030. This desire was
cemented by the 2013 Konza city project, built to develop an innovative hub for the sector. This
environment has grown since 2010, such as ihub, Nailab, and the Nairobi garage which has
benefited local startups in Kenya. International firms, like Nokia and Google, have also invested
in the sector whilst IBM has established research labs to help develop ICT solutions (Akamanzi et
al, 2016). Kenya's ICT infrastructure means that almost 96 percent of the country is covered by a
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cellular network, and 77 percent of the country by a 4G mobile network (ITU, 2022). Internet
penetration is at 90 percent (FAO and ITU, 2022). The diffusion of mobile phones has brought
with it new economic opportunities, perhaps most notably the mobile banking service M-Pesa.
Launched in 2007, it now has reportedly over 30 million users in Kenya (Guguyu, 2022). Phones
are also the primary mechanism to access the internet and their usage has risen. Despite these
successes, the ICT sector does experience several challenges. Lack of funding and a general
disconnect between academic institutions and the associated labor demands of ICT leave firms
lacking the required expertise. The focus of many small startups in Kenya is on attracting funding,
usually from so-called 'Angel' investors, rather than consumer demand meaning that lots of
technological solutions are not financially sustainable in the long run (Baumuller, 2016). Mobile
phones are also not widespread, with only 47 percent of the population owning one in 2020, with
phone sharing being common amongst households, and only 29 percent actively using the internet
(ITU, 2022). Rural areas, in part due to lower access to electricity and lower population densities
make extending networks in more remote areas costly.

The functions of ICT products, such as the mobile phone, allow the sector to act as complementary
to other sectors of the economy, which hypothetically could allow for more efficient and
sustainable use of resources by reducing associated transaction costs as well as disseminating
information on a broader level. Considering the major obstacles faced by smallholder farmers in
accessing inputs and finance as well as knowledge of market prices and overall crop management,
mobile phone services, whether via text messaging or an application on a smartphone, have been
leveraged as a digital solution (Deichmann et al., 2016). The poor performance of extension
services and the agricultural sector over time amidst the emergence of a comparatively thriving
ICT sector provides the context in which digital agricultural extension services operate. The
increasing plurality of actors involved inherently creates new opportunities for networks and
patterns of interaction to occur, yet whether they do and what characterizes this relationship is
dependent on the prevailing attitudes that exist which are, as will be explored in this paper’s
theoretical framework, are often deeply ingrained and thus path dependent and not quick to change.

3. Theoretical Framework

As introduced in section 1, this thesis approaches the digital agricultural extension sector from an
innovation system perspective. To reiterate, an AlS is viewed as the networks and interaction of
actors involved in the sector, where their respective attitudes and practices shape the effectiveness
and nature of these networks. This section begins with detailing the analytical insights AIS
provides for understanding innovation within the sector, and the deeply contextual nature of the
concept. Secondly, this paper articulates the innovations trajectory framework utilized and
explains how it will be utilized to answer the research questions.
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3.1 Analytical Insights of AIS

AIS recognizes that innovation does not only occur at the frontier but as a process in that actors
interpret and interact with goods and services that are novel to them and include a diversity of
actors. Consequently, innovation is more viewed in the application of knowledge rather than its
production. To utilize inventions, innovation requires patterns of interaction between different
stakeholders along not only the agricultural value chain but in sectors complementary to
agriculture and the public sector. Ideally, this interactive process is inclusive in the sources and
flows of knowledge, as a diversity of ideas allows innovation to be responsive to change.
Underpinning the flow of information is the role of learning, which can occur both through the
exchange of tacit or codified knowledge. The former refers to informal knowledge, which is
usually embedded with existing practices strongly rooted in local cultural environments where
learning often occurs through learning-by doing and imitations of the surroundings in contrast to
the latter, which tends to be more explicitly understood and easily transferable between contexts
as it is often written down and recorded (Hall et al. 2007).

Interactions are also guided by the nature of how different actors collaborate. There can be
partnerships where some actors work towards a shared goal, but they can also be contracted to
perform an activity on behalf of another organization for example. Linkages between actors allow
knowledge to flow, and the presence and capacity of resulting networks are dependent on the
attitudes of actors and their relationships with others, which is likely to differ with different actors,
notably within and between the public and private sectors. Additionally, information is likely to
be sticky. ldeally, knowledge flows should freely move across sources in a multilateral fashion,
though in actuality it tends to be restricted as some actors may not have access to available
networks or the sharing of information is poorly coordinated. The resulting lopsidedness of
knowledge impedes the inclusivity and thus propensity to apply available knowledge into use (Hall
et al. 2007).

The roles that actors partake in will likely change over time, and actors can encompass multiple
roles at once, such as both being knowledge producer and coordinator. These evolving attitudes
and practices of actors determine their tendency to innovate. Some have strong traditions in
collaboration endowed by knowledge sharing whilst others may be self-isolated and be more risk
averse and less trustful of their surroundings. Again, this will depend on the existing economic,
cultural, and political context. As actors are understood as diverse in this regard, triggers for
innovation, whether it be an emerging market or state incentive, will be responded to in different
ways and thus outcomes will differ. This is important for the policies that form the enabling
environment for innovation, and hypothetically reasonable policy may be ineffective if there is
dissonance between its design and existing attitudes and practices (Hall et al. 2007).
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AIS presents a holistic view of the interactions between a complex array of actors and recognizes
the differences in actors and their attitudes as well as the institutional enabling environment that
shapes how knowledge is applied in each context. This is especially relevant for the digital
agricultural space, which is characterized by the growing inclusion of private actors and ICT
technologies in agriculture, and this is certainly true of the Kenyan case. How knowledge flows
between actors and their attitudes that facilitate or hinder collaboration will inevitably shape how
impactful the social and economic outcomes are for smallholder farmers, and how inclusive the
sector is to their demands (Hall et al. 2007). The wide scope of AIS is also somewhat of a
limitation, in that to address as many aspects as it does it risks making some generalizations as to
how actors tend to behave and interact with others, which may not be entirely accurate for any
specific actor. However, this is somewhat unavoidable as it is practically impossible to include
every actor when discussing the matter. The deeply contextual nature of AIS also precludes
broader generalizations on digital agricultural services across space and time, though it should be
noted that is also not the inherent goal of this thesis, rather the aim is to provide an example of
how an innovation system underpinning digital agricultural services facilitates collaboration and
interaction within and between different actors in Kenyan context (Klerkx et al. 2012).

3.2 Innovation Trajectories and Triggers

This thesis borrows the theoretical framework proposed by Hall et al. (2007) to assess the current
state and features of the AIS that shape digital agricultural services' innovative capacity. The
authors describe how the trigger for innovation can arise out of either existing market opportunities
or be orchestrated by the public sector and both go through several developmental phases. Each
phase indicates a progression toward what the authors consider a dynamic AlS, with each being
characterized by several features concerning the prominent actors and their roles, their attitudes
and practices and the accompanying patterns of interaction, and the institutional and policy
environment that shape the above (Hall et al, 2006). A dynamic system is seen as one characterized
by a diversity of actors that fulfill varying roles that are supported by coordinative bodies that
support and identify issues that enable knowledge flows across the actors. Attitudes and practices
are open to collaboration as there is an atmosphere of trust and inclusivity among all actors along
the agricultural value chain and complementary sectors.

Their openness allows comprehensive networks to develop, where different means of interaction,
like partnerships and contracting or even informal linkages are sustained. Actors are actively
seeking new partners and collaborators, making the system adaptive and responsive to change. The
enabling environment provides adequate resources to support and enhance the factors described
above whilst creating incentives for entrepreneurial attitudes and enhancing and promoting further
innovation in the system (Hall et al, 2007, p.99-100). The developmental phases are categorized
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by either market-driven opportunities or public sector orchestration. The concept of phases is
understood through an evolutionary perspective by the authors, in that it is possible to move in
both directions as time passes, meaning that a dynamic innovation system may regress to earlier
phases. This development over time is also heavily path-dependent, meaning that change is often
an incremental process as existing characteristics may constrain the triggers for innovation (Hall
et al., 2007).

The orchestrated innovation trajectory describes a case when the trigger of innovation resides in
the public sector, and government initiatives are the main driving force behind developments in
the innovation of the sector in question. The first phase is referred to as the pre-planned phase. At
this stage, public and private actors whilst they may be present have not yet identified the
opportunity and are more likely to be focused on traditional priorities. Accordingly, the linkages
necessary to support interaction and knowledge sharing are not present. There is a strong division
between public and private actors, and there is little trust between them. Patterns of interaction are
likely to be basic and unidirectional, such as through extension agents to farmers and political
lobbying. Poor access to information restricts the capacity to share knowledge. Similarly, whilst
the public sector may be engaging in generic research, funding is absent as the opportunity remains
to be identified at this point. The second stage, known as the foundation phase, is where the public
sector has now identified the opportunity in the sector and begins exploring and initiating
entrepreneurial activities, but linkages to other actors are yet to be established. Attitudes and
practices remain unchanged, but the public sector is beginning to develop patterns of interaction
within itself, and research into the sector is underway although its connection to demand is weak
(Hall et al., 2007).

The third and final phase of the orchestrated trajectory is that of expansion. At this stage actors
from both public and private society as well as civil society have different roles, clustered around
research or enterprise, and there is an effective means to coordinate their actions, most likely
supported by the government. The divide between public and private has begun to lessen, though
it is likely to be fragile even at this point. The increasing linkages allow for actors to interact and
for knowledge sharing to flow through public incentives often important in mobilizing these
interactions, and their overall inclusivity of all stakeholders, such as farmers, may still be
problematic. The enabling environment is in place with adequate funding for research and training
but may still be lacking on a policy level to support entrepreneurship in the private sector.
Nevertheless, the expansion phase is often characterized by numerous different projects, which
provides an opportunity to ascertain which kind of arrangements will suit the local environment
best and potentially lead to the emergence of a dynamic system of innovation (Hall et al., 2007).

The opposing trajectory is described as opportunity-driven meaning that it is led by primarily the
private sector. The first phase, the nascent phase, is like the pre-planned phase described above in
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the sense that the public sector has not identified or is effectively aware of an existing opportunity.
Some producers, entrepreneurs, or NGOs however have recognized it, and their local connections
and risk-taking behavior may lead to the formation of some new markets. Interaction occurs but
normally at the local level, providing information on the materializing market but established
networks are absent at this point. The enabling environment for the specific opportunity identified
is non-existent at this point. The emergence phase that follows sees a sector become dominated by
entrepreneurs who often rely on their local and informal ties to share and access knowledge and
technology. The attitudes and practices in the private sector are centered on operationalizing this
knowledge and competing in the market, whilst notions of inclusivity and environmental
sustainability are prone to neglect at this stage. There is little trust in the public sector, which aside
from limiting collaboration also means that regulations that may exist may not be closely followed
or properly enforced. Patterns of interaction beyond local and informal networks are weak, and the
poor connections between public and private sectors impede the production of relevant research
as demand is not properly understood. The focus on competition within the sector may also distract
private sector actors from further improving their products or service. Any linkages between the
sectors are likely restricted to political lobbying. Policy support, whilst may have noticed the
emerging opportunity, remains weak (Hall et al., 2007)

The third phase is the stagnation phase. The private sector has numerous well-established actors
but is entrenched in their roles. Consequently, they are less receptive, and thus their capacity to
adapt to new opportunities or mitigate existing challenges is constrained. The public sector at this
point would be active in supporting the sector, yet the persistence of poor linkages with the private
sector means it is usually ineffective in coordinating activities. Actors from civil society may have
emerged in technology transfer roles, though they often fail to move beyond this role. Attitudes
and practices in the private sector are focused on existing roles, whilst the public sector is more
concerned with regulating the sector and isolated interventions to solve prevailing problems rather
than identifying opportunities for further innovation. This is, like in the emergence phase, a result
of poor connections between research organizations and demand. Networks remain
underdeveloped, even if there are competitive forces incentivizing collaboration. The enabling
environment is improved in this phase with more funding and research from the public sector
directed to the sector yet as has been mentioned is not always aligned with the actual needs of the
sector. This phase of stagnation is seen as common in the trajectory of many innovation systems.
This large presence of private sector actors may create a competitive market, but also impede the
collaboration and partnerships that are crucial in a dynamic innovation system (Hall et al., 2007).

What is notable about both trajectories is that the public sector regardless of whether they are the
triggers for innovation or not as described above is fundamental to establishing a dynamic
innovation system. Whilst the authors present the orchestrated trajectory as one of constant
progression, where the second phase improves upon the first whilst the expansion phase similarly
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ameliorates upon the second. An AIS triggered by market opportunities is seen as eventually
stagnating without a prominent and effective public support system that can help coordinate and
facilitate interaction in the sector. Civil society, whilst noted as a player at some phases of the AlS,
is relatively understated and little attention is directed towards the sector. In the context of SSA
and Kenya, international development agencies and NGOs often have a prominent role in the
economy and as such will likely play an equally important role in the AlS. The notions of trust and
attitudes of actors are also crucial in assessing an AlS, as the effectiveness of any intervention on
behalf of the public sector would be undermined if the producers, entrepreneurs, or NGOs are
skeptical about collaboration with them, to begin with. Thus, changes from one phase to the next
are unlikely to be abrupt as shifting actors' perspectives on collaboration and building trust and
openness is a slow and incremental process (Hall et al., 2007).

Considering the nature of and effectiveness of state involvement in the Kenyan agricultural and
ICT sector as discussed in the background, digital extension services are both digitalization of
services traditionally undertaken by the public sector whilst the ICT sector provides the
applications and technologies that support them have been driven by the private sector and civil
society. The AIS approach and framework described above allow for this research to evaluate how
these diverse backgrounds shape how collaboration occurs and what kind of networks materialize.
Patterns of interaction similarly are likely to be framed by heterogeneous characteristics of actors
in the sector, and the differences in capabilities amongst them. The inclusivity of the sector and its
incorporation of smallholder farmers in the development of digital services is also reliant on the
features of the prevailing AIS that enable or hinder the flow of knowledge and its application
across actors. The key role played by the public sector in the view of the framework also allows
this paper to critically examine whether the roles that facilitate a dynamic innovation system are
being fulfilled in Kenya, and by whom. This ultimately provides the opportunity to reflect on what
needs to be done in the future to improve the socio-economic and environmental impacts of digital
extension services.

4. Literature Review

Research on digitalization in Kenyan agriculture has generally focused on the opportunities and
constraints to the adoption of mobile phones and relevant smartphone applications for smallholder
farmers and their impact on yields. Innovation systems literature in Kenya has not approached the
digital agricultural extension market specifically. This section aims to highlight the relevance of
research on smallholder adoption for this study’s findings, and what conclusions have been drawn
regarding the workings of the AIS in Kenya in previous literature. As will be shown, there is a
need to assess how the various actors shape interaction and collaboration and the opportunities and
issues it presents for the sector and small farmers specifically. Research thus far has investigated
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innovation systems in ICT and agricultural sub-sectors independently rather than as a single unit
of analysis, which is necessary given the complementary nature of ICT across economic sectors
and its growing recognition as a tool for agricultural development as has been discussed throughout
this thesis.

Marchant (2015) uses the case of Kenya to evaluate innovation in the country’s ICT sector. She
finds that Kenya’s geopolitical history as a hub for international actors, in particular development
aid, has endowed innovation in the sector with a transnational component. The nature of their
activities has meant innovation is approached as a social good. They are a major source of funding
and capital in the sector. Whilst they do support local entrepreneurs to establish their initiatives,
Marchant argues a dependency on them for support leaves firms and start-ups vulnerable to
changes in their priorities. Interaction is facilitated by the various local incubators, notably iHub,
which allows entrepreneurs to meet industry representatives in a shared workspace mostly
characterized by informal ties. The government, a crucial component in innovation as detailed in
these papers' theoretical framework, was found to be lacking in the requisite skills and knowledge
to participate in the sector and argued by Marchant to insufficiently engage with actors in the
sector, and relevant legislation in intellectual property rights being underdeveloped and thus a
constraint on innovation (Marchant, 2015).

Other innovation systems literature has generally operated through exploring subsectors in Kenyan
agriculture. Hornum and Bolwig (2021) analyze the role of input suppliers in the AIS using the
case of small-scale irrigation systems in Kenya. They frame their impact via three activities market
creations for technological innovations, the creation, and diffusion of knowledge, and their
influence on technology priorities. Input suppliers are found in addition to enhancing and adapting
irrigation equipment and facilitating the respective supply chain, they are also active in providing
advisory services and access to farm credit making them important vehicles for knowledge creation
and transfer and thus key to enabling linkages to other actors in the AIS (Hornum and Bolwig,
2021). Kilelu et al (2011) also find that innovation intermediaries are crucial in supporting
innovation, and identified 4 types of intermediaries operating in Kenyan agriculture: the
technology broker, systemic broker, enterprise development, and input access support. The latter
describes actors who operate in the smallholder context, to improve access to inputs and
knowledge whilst minimizing the risk undertaken by small farmers, and whose commercial
orientation relative to the other types is relatively limited due to the small financial margins
associated with smallholder agriculture in Kenya

Odame et al (2009) look at the maize, tomato, and dairy sectors in Kenya and find that the main
driver of innovation is the output market. The authors describe that whilst there were various
linkages between a diverse array of actors, interactions with the public sector were weak due to a
lack of trust on behalf of the private sector which results from the different modes of operation in
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either sector according to the authors. The policy environment was viewed as mixed, as it often
became bogged down by bureaucracy. It would be improved through greater harmonization
between agricultural and environmental, land use, and policy (Odame et al, 2009). Another
important aspect of AIS is its inclusivity. Kingiri (2014 and 2020) notes that ICT related extension
services in Kenya were effective tools for smallholder farmers in areas where internet and literacy
were accessible but were at risk of excluding those without access as well as potentially
perpetuating gendered social norms and marginalizing women in agriculture further (Kingiri,
2014; 2020). Kilelu et al (2014) highlight the importance of the learning dynamics that shape
smallholders' demands, and how related interests are not homogenous, in fact often in opposition
with other actors' demands, which indubitably shapes the inclusivity of the AIS in Kenya (Kilelu
et al, 2014).

There is extensive research on the impacts of digital information services on agriculture (see
Klerkx et al, 2019) showing an association with higher input use, market integration, and
household incomes amongst farmers. The focus of this thesis is not primarily on the direct impact
of these services on productivity and incomes, but rather on the networks between actors and the
interactions amongst them that influence the effectiveness of their delivery. The opportunities and
challenges in their adoption and usage in Kenya highlighted by existing literature can be indicative
of the issues present in the flow of knowledge and enabling environment of the overarching AlS.
Tata and McNamara (2018) find that digital agricultural services allowed extension officers to
reach a greater number of farmers than conventional in-person means of communicating with
farmers, which as Amer et al (2018) note is convenient considering the mismatch in available
officers to farmers. Ogutu et al (2013), Okello et al (2020), and Wawire et al (2017) find that
gender, age, and education are significant determinants of the service’s eventual usage.

As aforementioned these mobile services remain underutilized by small-scale Kenyan farmers.
Wyche and Steinfield (2016) and Kieti et al. (2022) note that the design of many of these services
is often not aligned with the capabilities and demands of many farmers. Both note the steep
learning curve to utilize both smartphones and basic mobile phones are often time-consuming, and
often discourages use amid the labori