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ABSTRACT
THE DIGITALIZATION OF AGRICULTURE AND THE (UN)CHANGING DYNAMICS OF

RURAL SMALLHOLDER FARMING SYSTEMS INGHANA, SUB-SAHARA AFRICA

Abdul-RahimAbdulai Advisor:
University of Guelph, 282 Evan D. G. Fraser

This dissertation explores the dynamics of agricultural digitalization in rural smallholder
systems in Northern Ghana, S8hhara Africa, with a focus on the 1) anticipated impacts, 2) nature
of farmers' engagement, 3) factors that affect participation, 4)irgsatianges to practices, and 5)
the elements for successful digital futures. Given the novelties of digitalizatyomultidisciplinary
scholarly interests and exploratory intentions, | applied pokgcahomy and social practices
theoretical and analytical lens, with a mixe@thod approach, combining document review,
interviews, focus group discussions, observation, and surveykitesshe objectives. | found that
the digitalization of smallholdelis being promoted as transformative by development actors (with
potential neoliberal goals) without recourse to the embedded peétcalomic consequenceéet,
empirical results from Northern Gharavealedsuperficial engagement by farmers, as pardicgm
and activeness in digital services ateicturallyhampered by low (digital) literacies and limited
access tddigital) resourcesMeanwhile, gender, phone ownership, ability to place phone calls,
association with farm groups, and access to extersgovices influence the likelihoad
participatingand benefihg from digitalization services; however, critical inequities exist across
these factordNonethelessdigital servicesnaychange livelihood practices (everyday routines and
spacetime rhythms) of farmers as new patterns of actions in season planning, how and when farmers

plant, undertake husbandry activities, harvest, market and sell outputs emerge. Hence, | conclude tha



smallholder digitalization isincriticald e t ac h e d f r o realittea While prosp&ctsl | v €
fodigital innovations to transform livelihoods may exist, the basic building blekso lacking that
this potential is unlikely to be realized in the near term. Meanwhile, uncritical implementation of
these tools is only likg to entrench existing inequities and create newer unfair power distributions.
Thus, t is essential to moveeyond the holistic propagation of digital innovations and the uncritical
claims of transformativeness. Instead, we need a cebésdd 'digitaliation for smallholders' that
(re)focusthe expectations towards incremental change in everyday social practices embedded in
( Af r i c a nspcichditicalezansnic realities. Thus, stakeholders must work towards inclusive
digital access in smallholdslystems, partly througstablishing and integratingquired materials,

competencies, and meanings that bring digitalization to life across scales.
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1.0 Setting up the Research

1.1 Introduction

In this dissertation, | gtore thecontextualdynamics ofagriculturaldigitalizatiori the
application of digital toolseind servicesncluding phonesg-advisoriesand ecommerce platfornis
in smallholder farming systerhin Ghana an@®ub SaharaAfrica®. | discuss the nature of
digitalization thepotentialfor farmingruralfi r-sec r i ffcf Giddens) 1984Rose & Chilvers,
2018)in smallholder Africaandthe political-economic implicationsf digital innovations
Recognizing that every technologyimherentlysociaf (cultural and political(Carolan, 2018)l ask
how digital agricultural technologies wouldhanifest and renodelsmallholderfarmingandtheir
implicationsin SubSahara AfricaSpecifically, 1)how is digital agriculture forming and
manifesting irsmallholdersystem® 2) howdoes digitalization alter farmers' practices and
livelihood®?; 3) what are the locapolitical-economidssuesarising fromdigitalization?;and4)
what are the pathways for understanding and direcsimgllholderdigital futures?Through these
guestions, Investigateand extenc growing but limited literature on the social dimensions of the
digital agriculturatransformationsn rural areagnd more s@the politicateconomic implications of

thephenomenn.

It is by no accident that technology and (rural) change have widesattention in varied
scientific communities, including rural geograpiRuttan, 1996)Technology has in the past and
continues to manifest in society through agriculture and (P@Gregori, 2001)which partly
explains earliescholarlyattention among rural geographerstechnology adoption and diffusion
researcl{see llbery, 2014; Rogers, 1983, 1999hsurprisingly, agriculture, the orthodoxy at the
centre of the technologgriven human civilizations axi®eGregori, 2001; Rimas & Fraser, 2010)
is at the onset of another poti@ahtransformationpowered by the same technologies that brought
forth the internet and aggressively changed the course of modern g@ésesinket al, 2013).

Digital tools and services, including mobile phoreagpomated machines, robotics, GPS

1 Farming system isonvenientlyused interchangeable with agriculture systems throughout this dissertation to cefeptexinterrelated
elements, structures, processadd activitieghat underjn crop and animal productiohalso use food systetn describe the farming systema more
encompassing form that goes beyond production to include consurppicesses.
2 Subsahara Africa is used to refer to the-maimtinet of Africathat excludes North Africa. | used sahara and Africa intercharaggy throughout
this dissertatiorinreference to this geographical sctntinent.
3By social lamreferringto he consequences of dithgwaysan whitheeoplalivel voik,iplays relatetto omd anatherj ng A
organize to medaheir needs and generally cope as members of society. The term also icalties impactsnvolving changes to the norms, values,
and beliefs that guide and rationalize their cognitiorirefmselves and their society ( | nt er or gani zati onal Commi ttee o
Social Impact Assessment, 2003: 231). Reseamncbocial impacts on technologies also incorporates economic vafiisigser et al., 2015My use
of social in this project, therefore, spans semittural and economic dimensions of change.
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technologies, drones, and personal digital assistants, are progressively applied in farming systems
worldwide. Scholars have described this phenomenon with differenin@pgies, including

Agriculture 4.0 smart farminganddigital agriculturg(Rose & Chilvers, 2018; Wolfert, Ge,

Verdouw, & Bogaardt, 2017Elsewhere, I, with colleagudsave referred to thehenomena as

digital agricultureor digitalization of agriculture and explainedrntmuch detailsee Duncan et al.,

2021 for further discussionronson (2018hotes that this unfolding phenomenarhich others
alsodescribe as a revolution (for exam@eichmann, Goyal, & Mishra, 2016; King, 2017,
Sundmaeker, Verdouw, Wolfert, & Freire, 201B)omises to change the so@oonomic, political,

and cultural futures of foodndagriculture

Hence, here have beesome bold predictionthat digitalization wouldransformagriculture
by yielding economic benefitensuringnputuse efficienciesand environmental sustainability
(Balafoutis et al., 2017; King, 201Mlowever social(particularly embedded politic&conomic)
issuesare relgated to the backgroumd suchdiscourse (Bene, 2022)Neverthelessherehas been
nascensocial science research on the subject in recent {acso et al., 2019; Carolan, 20
2018; Klerkx et al., 2019; Rolandi et al., 2021; Rose & Chilvers, 2Ra& et al., 2010 This
literaturefocuses onthe inplications of digitalization owariousissues, including agricultural labour,
rural communities, data governance, and power dyngseesKlerkx et al., 201#r anextensive
review). For rural farming dynamic€arolan (2017: 145nentionsanxieties over potentiallynixed
impactsof digitalizationin rural communitiesLikewise,Rose and Chilvers (2018) opine that
digitalization may resuin socil consequences that rescniptal landscapedespite théurgeoning
attentionarounddigitalization worldwide anémong scholargherealitiesof digital agriculture in
smallholder farming systemgarticularlyin Africa, is notyetwell-understoodn theliterature Many
actorshavethuscalledfor contextspecific explorationsf the natureand implicationof agricultural
digitalization in Africa(FAO, 2019; Food and Agriculture Orgaaion of the United Nations & the
International Telecommunication Union, 2022; Kim et al., 2020; Tsan et al.,.Z0#Xe calls are
informedby social concerns fromaarlier technologicaxperiences, includinthe Green Revolution
innovations(Altieri & Nicholls, 2012; Shiva, 2016and biotechnologysee Fischer, Ekenétetersen,
Rydhmer, & Bjornberg, @15). Following this line of thought | also believethat digital technologies
would engendepracticalsocib-cultural and politicaleconomiceffectsas they continue to embed in
the African society Hencethis dissertation offeran exploratory yet nuanced outlookpsrceptions
and experiences of digital innovations' embedded contextual socialatigmie forfarmers farm

householdsandcommunities irGhana and\frica.

| engage in this critical research endeavour fpmiitical economy and social practice

theoretical and analytical perspectivemted in an underlying rural charigevelopmeninterest
2



Methodologically,| draw experiencefom thesescholarly fieldso use qualitative methods common
in theseareasincluding researckdocument reviews, interviews, observations, and focus groups
discussior(see Sutherland et al., 2014romplementhese methods with goatative survey®f
farmers inNorthernGhana to broaden the reamfd capturéhe diverserealitiesof smallholdes.
Through this approach, | advanibe literatureon digital transformations and provide critical, locally
embedded insights neededutaderstandhe unfolding dynamicef thesetoolsin Africa and ask the

right contextualquestions

1.2 Contextualising the Research: Digitalization irBub-SaharaAfrica and Ghana

African smallholder agriculture igrogressivelsituatedn the digital economyn varied
ways We are seeing the guing discussion®ntheuse and application ghonestablets, drones,
satellites, artificial intelligence, cloud computinge timternet, and big data programishin the space
of food and farming in the regiqifood and Agriculture Organization of the United Nations & the
International Telecommunication Union, 2022; Tsan, et al., 2048)y documentprovideanin-
depth description and analysis of dagization in Africa(see Deutsche Gesellschaft fur
Internationale Zusammenarbeit et al., 2021; Food and Agriculture Organization of the United Nations
& the International Telecommunication Union, 2022; Kim et al., 2020; Technical Centre for
Agricultural ard Rural Cooperation, 201950, | would avoid duplicatg efforts andfocus on

expanding thditerature

A wide array of digital tools and hardwaage deployed taid farming practiceand
processes Africa. Fromreceiving weather alerts anobile phone (see Figure 1)lto reaching out
to callcentres talroneusefor spreading fertilizers and controlling pgdarmerscanuse digita
enabled hardware and equipm#artvariousfarm tasls (see Chapter Thredjlence governments,
development organizations, and firévate sectoare leveraging digitahnovationsto create novel
services to aid farmers' activitiéslabi, 2016; Deichmann, Goyal, & Mishra, 2016; Munyua et al.,
2008; Wafla-Kwake & Ocholla, 2007§see Chapter Two for more discussioi)e Technical
Centre for Agricultural and Rural Cooperation (200k83% classifiedheseemerging digital

agricultural services into five categories (see Table 1).
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Figure 1.1 Weather alert SMS to smallholdergSource bystudeny

Table 1.1 KeyService andSolution Areas ofAgricultural Digitalization

Category

Description

Examples

Advisory and
information services

Market linkages

They provide farmers with
information on diverse topics,
including agronomic practices

weather, and market
information;

These are pl&drms to link
smallholder farmers to input
and output markets

1 Agronomic/livestock managemen
good practices
1 Market information systems and
services (i.e., agriculture input an
crop/livestock pige intelligence)
1 Early warning tools for
weather/climate advisory or
pest/disease control
9 Customized (precision) advisory
services at the level of the farmel
farm or specific field
1 Participatory platforms (e.g., peer
to-peer smallholder communities,
curated farmer videos)
1 Livestock and farm management
software

1 Linkage to agrinputs (e.g.,
digitally-enabled input distribution,
online input marketplaces)
1 Mechanization linkage platforms
(e.g., shared economy for
mechanization, pagsyou-go
irrigation)
1 Linkage to market access (e.g.,
digitally-enabled associations to
wholesale buyers)
1 Endto-end integrated market
linkage models (e.g., digital linkag
to both inputs and markets)
1 Ag buyerseller digital
marketplaces/exchanges




1 Traceability solutions (e.g., digital
sustainability and organic produc
certification traking)
1 Enterprise Resource Planning

These are solutions that conne (ERP) platforms for smallholder
Supply chai different levels of the agfood farmer cooperatives, nucleus farrr
ml;%gé;m?:t services  SUPPIy chain actors in ways th agribusiness ougrower schemes
allow for greater efficiency anc 1 Digital quality assurance solution:

transparency for farm inputs and produce

1 Logistics management solutions fi
postharvest colcthains, storage
and transport

1 Smallholder farmer payment
solutions (e.g., agribiz to the
farmer, government to the faer,
farmer to input supplier)
1 Digital agriwallets and
commitment savings systems
1 Smallholder credit (e.g., digital

These services provide digita credit assessment/delivery/
Financial access financial solutions such as collection platforms and products
services, payments, savings, and 1 Smallholder insurance (e.g.,

insurance for smallholders digitally-enabled index weather,

precipitation, pest insurance)
1 Crowdfunding platforms for
smallholder farming
1 Businesgo-business fintech data
analytics intermediaries (e.g.,
digital credit profiles)

1 Government agriculture sector

. . tracking dashboards
This involves data analytics an 1 Agriculture extension system
digital decision support tools management tools
that integrate a variety of datz 1 Agribusiness and agriculture
. sources to provide \(aluable investor national and regional
Macro agricultural country and valuehain level intelligence systems
intelligence services insights and deC|§|on tools for 1 Agronomy/R&D agenda setting
government policymakers, digital tools
extension agencies, . .
agraomists, agribusinesses, T Weather %nrdaclrlir:aiir(;bservatorle
and investors 9

SourceTechnical Centre for Agricultural anduRal Cooperation (2019)

These categories show serviedgth potential forpracticealteringfor farmers, and they form
the basis for my explorations of the subject in thssertationThe proliferation of these services is
partly attributable t&\fricabeingthe fastesgrowing global telecommunications markeith
increasingavailability and access toobile phones and internet technolodi€3 A, 2019)(see
ChapterTwo for further discussion).ikewise,in some areas, like Ghana, a stgimétical climate
breeds a surge in digital activitiéiStwire et al., 2017; FAO, 2019)



Though theraredifferent contexd of digitalization in Africa,Ghanamaypresent a good case
for understanding the dynamics thie phenomennin the arealue to its peculiar characteristics.
Ghana is one of the hubs of digital agriculture on the African cont{feod and Agriculture
Organization of the United Nations & the International Telecommunication Union, 2022; Kim et al.,
2020) Increasing mobile penetration ratediere mobile netork coverage now reaches over 85% of
the country and over 65% of rural people using mobile ph(tesre & al., 2017) allow new digital
enterprises to tap into opportunities. According to the GSGBIA a n a 6 s, andl 85 net®dek
coveragesvereabout 96.8 percent, 89 percent and 68 percespectively. Broadband coverage is
about 90% of the populatipand mobile connectionarenearly127%(20207 GSMA Mobile
Connectivity Indexn.d.)

The growing connectivity in the country Bthe foundation fotheemerging digitalization of
agriculture services. The FAO and ITUpagt about 25 active digital agricultural services in the
country(Food and Agriculture Organization of the United Nations & the International
Telecommunication Union, 2024 particular,entities such as Esokd=armliné and many others
now offer smallholders weather and market information to aid farming practices. Other emerging
entities, Ziongate Geospatial and Research Services and Acquamayer, supported mainly by CTA and
other international organizations, provide farswith precision farming services using drones and
satellite data. Likewise, the siting of Google's first artificial intelligence lab in Africa and Twitter
African headquaters in Accra (Ghana's capital towggeeFigure 12) corroborates thdigitalization
drive in the country. The strategic digital agriculture thrust of Ghana, including Mottileern areas
which have the most substantial composition of households in fa{Mingter of Food and
Agriculture, 2016; 2011)makes a good case for exploring the dynamics of digital agriculture in the
setting, with the potential to provide insights of broader relevance.

4 fiEsoko is powering rural communities through digital transformatiafimancial inclusion. Our solutions include mobile and seelsed tools for

data collection coupled with field deployment; an SMS/\«tiased communication platform for farmer management; and an electronic extension
mobile and web apgpcom/)( https://oldsite.eso

5 Farmline is an awardinning venture which works to digitize the agricultural value chains in Ghana through diverse services including mobile and
web-based market and weather information delivery to farmers (https://farmerline.co/)
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Figure 1.2 Map of study areas

The proliferation of digitalization in Ghana and Africauld changegarmingexperiencesas
evident through prior innovationsor exampleNyantakyiFrimpong & Bezner Kerr (2013pcused
on highinput agriculture in Ghana and alludedhow that approach has changed small farmers' day
to-day practices. SimilarljKansanga et al. (2018judied the mechanization of agriculture in
northern Ghana. They revealed that technology has resulted in a paradox of farms expanding. At the
same tine, cropping patterns are being shifted from traditional and staple products in the area,
alteringthe cultural dimensions of food security and social life (§aasanga et al., 201.8Nith
experiences of how earlier technologies have contributed to dgtimenform and practices of
farming, the recent developments may imbue new sadiniral implications, a phenomenon which

earlydigitalization experiencesre already pointing towaiNikoi et al., 2016)

However,these studies have focused mainly on the older conception of ICTs, which
incorporates radio, films, and so on, without engagement with the recent expansion of the scope to
encompass digitalization broadly. Much of the research has also beenliondgad) insights into the

actual unfolding of these technologies within specific cases. These studies provide a point of
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reference, but there is a need for more focused and contemporary research on digital agriculture in
the age of eveadvancing digital opportuties across scales African smallholder systems. This
research thus contributes to expanding the scope of knowledge in this field to offer newer insights
into agricultural digitalization in Africéhrough five key objectivethat | discuss in more detail

below.

1.3 Research Aim and Objectives

This dissertation aisito assess the digital technoleggriculture nexus in the rural
smallholder sy'ems in Africa. The overarchingpal of my workis toexplore how the digitalization
of agriculture is unfolding and changing rural smallholder farming systems in Afpoasue this

goal viafive subobjectives:

1) Identify and discuss the anticipated impacts, motives, and drivers of agricultural

digitalization in Africa;

This objective is addressed primarily@hapterTwo usingdocument analysisSpecifically,|
systematicallyreview program reports another documents by development organizations and
technology service providers in the African digital agriculture spabetdight the narratives

aroundimpactscarriedby the key proponents

2) Assess the nature of agricultural digitalization in rural smallholder farming systems;

This objective is addressed in Chapter Thidainly, | draw onan extensie survey of
farmers in Northern Ghana sthow how rural smallholders engage and interact with digital tools and
services| focusprimarily on the type of digital tools farmers use, how tlegractwith digital

services offered in their communities, and pleeception®of digitalization

3) Determine the key factors thafluencefarmers' participation in digital agricultural

services;

| address this objective in Chapter Four of thigsertationSimilar toObjectiveThree,| draw
on the survey results to assess the effects of specific variables on participation in digital Sdrgices.
focus of the objective and the chaptetoigxplae what current characteristics of rural farmers can

reveal about the effects different variables may have on the likelihood of participesenyices

4) Evaluate how new digital agricultural technologies change the everyday practices of farming;
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This objective isexclusivelydiscussedn Chapter Fivel highlighthow farmers perceive and
experience changes in their routines through atems with digital servicesA mixed-method
approach is adopted to achievistbbjective explicitly drawingonthe field survey ifNorthern

Ghanaandqualitative interviews and focus group discussions with farmers

5) Proposenovelunderstandingand scalingof digital technologies in food and farming futures.

This objective is addressed in Chapter Six of digsertationThis objectiveexclusivdy
draws on expert interviewsith stakeholders ithe African digital agriculture ecosystem. Pririgr
interviewtranscripts aranalyzedusing content and thematnalysis to proposgotential directions

for the future of digitalization in Africa.

1.4 Theoretical Underpinnings
To address the fiveesearch objectives employtwo theoretical approachgsolitical-
economy and social practices anahsitionsfrom an ovareachingrural change andevelopment

perspective

This dissertation is broadly situated within rural change and development discussions.
Agrarian change and broader restructuring of rural farming have been the centre of much rura
researcli{Cloke et al., 1990; llbery, 2014; Woods, 201Ryral change and restructuring describe the
processes and consequences of changes experienced in rural spaceslbedyljf2014) As
Smithers, Joseph, and Armstrong (2006%it, rural geography has grown in many ways. It has
featured theorizing concerning farmnd community change and the local manifestaifdoroader
forms of change related to globalization, restructuring, demogramthyechnological change”
(p.45).Whether through rural changestructuring, or development, research on the complex
processes and consequences of change engulfiaigspaces is critical. Hence, a wide range of
theoretical lenses, including but notlted to political economy, diverse social theories, livelihoods,
and developmer(Dixon, 2015; Woods, 2009, 2011, 2012)e used to explore this subject. Central
in all strands of inteest in change lingers the processes and dynamics of how technologies and
innovations, including those applied in agricultuestructuredistinctive rural spacegMaumbe &
Okello, 2013; Summers, 2019he common theme in this discourse, though sometimes contested, is
that technologies and innovations of diverse fotrassformrural people and lifeTherefore, this
dissertation draws aomy interest irtechnolg@y and rural social chande inquire about how farmers
engage witmoveldigital agriculturainnovationsand theconsequencesn everyday farming and

livelihood practicesMy engagement with rural developmenthsasindirect it serves as the broader
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underlyinglens | see everything in this dissertatiblowever, Idirectly discuss digitalization through

a politicateconomic and social practices lens.

1.4.1 Political economyFood andAgriculture

Political economy theory andeas guide my exploration and discussions of digitalization in
this dissertationThis section offera higherlevel overview othis criticaltheoretical approach
Political Economy (PE) is fAa branch of soci al
individuals and society and between market and the state, using a diverse set of tools and methods
drawn | argely from economi (Balaamg ¥dsatht 20l gpblralyg ci e n
PE is also a distinct strand of Marxist philosophy that critically positions and juxtdmies®ical,
structural, institutional and power dynamics in the (re)formation of ecmnoshaviours and
outcomegBates, 1987; Boner, 2018; Friedmann, 19&3¥ly PE focused on the individuals'
behaviours concerning the formation and distribution of wealth. Over time, the concept was heavily
developed and applied to underrsd state behaviours towards markets, market trends, international
trade and relations among nations. In the 1980s, Karl Max introduceebelsesd analysis of PE
activities which has evolved into many strands of contemporary scholarly traditidas Snith's
individualcentred PE, Friedrich List's state and naticdbaded PE, and Karl Max's clasased PE
have since evolved indiscusive and issuéased PE in various scholarly communitiBalaam &
Dillman, 2018; Balaam & Veseth, 2014; Bon2018)

PE is a field for the holistic study of individuals, estates, markets, and society intesadtie
political economy provides ontological and epistemological rubrics to explain changes in societies'
constitutionghroughunderstanding the nature and dynamics of power distribiRieemphasizes the
implications of politicaleconomic changes on such issues as inequalities, power dynamics, identity
(re)negotiation, class formation and differentiation, and acdésscontemprary political economy
Is concerned with how politics and economic decisions affect society's welfanariy individuals
In particular, constructivistand Marxistinfluenced approaches to PE explores actors; interests (e.g.
profit, security, wellbeig, solidarity, and so forth); sources of power (e.g. economic resources, legal
mandate, discursive power); and scales (e.g. local, national, global) involved in shaping structural or

system dynamicfAnderson et al., 2019, p..5)

The tenets of PE, especiafipwer distribution and dynamics, have been applied to
understanding food, agriculturand rural issuedvore than a century ago, the original Agrarian
Question reflected the peasants' faith considering broader political @amoheic pressures from

states and markefsf Kautsky, 1899)Following the original agrarian question and the subsequent
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interestby rural and agricultural scholars, PE is applied to explain and speculate on diverse issues of
changes experienced within the agod and rural spaces. Hence, politieabnomic analysis has
oftenexploredhow variousforceswithin and outside food araricultureengendepower changes

and their resultarihequitiesand impacd ondifferent groupsSome areas of PE interestd

application in foodnclude food regime changes, state interventions in f@ggliculture and rural

restructuring, and food systems transformations.

Onesignificantengagement of PE in food and agriculture is the food regime analyses
(Friedma & Mcmichael, 1989; Friedmann, 198Phe food regime perspective examines-éuod
changes with the development of global capitalist structurey@mdtruggles among social
movements, capital and states engender social changes. According to food regime scholars, two mair
stages have been identifidgritish hegemony in the world economy between 1870 and 1970, where
colonialism and imperialism defined theoghl food order and the U&minated postvar economy
between 1945 and 197Bernstein, 2016; Friedmann, 2016; McMichael, 206&)wever, there are
debates on the potenti al new food regime afte
(McMichael, 20030r a @A gr e e n@ndérsooel al. r2e1§emral to this analysis is how
power is defined by the dominant forces within each food regime and the implications across scales,
including communities and farmewsnother essential part of tfieod and agriculture piical
economy is the role of policies and state interventions in shapirigl dynamic¢Bates, 2014;
Islam, 2014; Patnaik, 1997/ olitical economists of food and agrittre consider the impacts of state
policies, such as tariffs and export taxes, on societal dynamics across scales.lRolcies
distributive powers that affect society and people's we(fanennen & Van DeZee, 1993)Linked
to state interventions in food is ha@@vernments and civil society (governance) acteffect food
system changes. Discussions on this theme focus on how governance can be leveraged to transition
food systems towards more efficieartd just structure@nderson et al., 2019Dther political
economic food engagements areas include capitalistivexalization(Alkon, 2014; Moseley et al.,
2010)and fnancialization of food and agricultug€lapp, 2014)the social and class (re)structuring
processes that result from changes in-gpd systems(Bates, 1987; Bernstein, 2010; Johnsen,
2004; Marsdert al., 1996)and in recent times the digitalization of afgrod systemg¢Béné, 202;
Carolan, 2018; Clapp, 2018; Rotz et al., 2019)

Central to many streams of PE engagement with food and agriculture is a direct or indirect
concern about the power implications of technologies and innovdtiemseng & Paarlberg, 2016;
Kloppenburg, 2005; Pechlaner, 2019Jithin such discourse is how technology diffusion and
interventions emerge and their consequential influence on disecgd conditiongNyantakyt

Frimpong & Bezner Kerr, 2015; Shilomboleni, 2020jitiques, for example, argue that agricultural
11



technologies arerpmoted to servaeoliberal economic and political interests without carefully
consideringheir potential adverse impad¢Braimah et al., 2017; Schurman, 2017; Vercillo et al.,
2015) Much of the discussions of PE of agriculture technologies are influencée bymanist turn

in social science, drivealso partlyby critical science and technology studies. This line of inquiry
emphasizes a need to assign agency tehmoman things, such as technologies, and critically assess

their implications for social changmcluding power distributions.

From the ensuing overview, PE is an extensive scholarly field, and so is PE in food and
agriculture. | have synthesizedmecritical areasof PEof food and agriculturénat do no justice to
this crucial theoretical frameork. However, | have attempted to provide readers with a broader
sense of PE and what makes it essential to my dissertation on the digitalization of agriculture.
Following this line of analysis, | subject the emerging digitalization of agriculture ticpbli
economic perspectives in this dissertation. My interest in using this to understand the implications of
digitalization on society in general and smallholder wellbeing. | am interested in issues of access to
digitalization, local PE structures thaflirence the penetration of the phenomenon, and the
implications of digital services on inequalities and power dynamics in rural smallholder systems.
While this is apparent in Chapter Two, | implicitly use this frame throughout this dissertation to
critically analyze and discuss the implications of digitalization in rural Africa (see Chapter Two for

further discussion).

1.4.2 Socialpractices andransitions

This study is also situated in the broader perspectives of transitions and social practices
theory. Innovations such as digitalization have often drawn the attention of researchers. However,
some disciplines turn to emphasize the innovations, knowledggaereand production dynamics of
emerging technologies without adequate attention to the realities of the beneficiaries Boavhah
and Rothful3 (2018) e f er r e d tswe" mechahidm@B@oamahk &kothful3, 2018; Breschi &
Malerba, 1997; Geels, 2004)eanwhile, the success or otherwise of any form of innovation or the
potential transition, including agfood digital tools, largely depends on having enough user
engagement. One approach that has been extensively used in understanding and describing the
change in society is transitio{Geels, 2004, 2006}-rom demographic transitions to nutritional
transitions to technological transitions to sustainability treomsi transitions feature in many social
science scholarships to understand the movement from one state to another. Hence, in this
dissertationdigital agricultural technologies are viewed as a technological transition in agriculture

with theirunique unblding mechanisms and potential to change everyday activities in farming. |
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presendi gi tali zation as a phenogmdualppervasive ahiftfrero | d s
one state of agr i cu(Hinuchse20l4,m.145banaet!l adopt gndamentaf e r e
and growing transition theoretical approach: social prattased theory, here the unit of analysis

of transitions rests on everyday practigdsrichs, 2014; Shove & Walker, 20030, unlike other
approaches that study institutions, social stmes, human behaviours (Jone & Murphy, 2011) or
sociatechnical processes (Geels, 2003; 2011; Shove et al., 2012), interest in practices form the
Amuster stati on McMiban, 2017; Scbatzki,2@1)t heor i st s

Social practice is a distinct conceptualization of social activity and order, human behaviour,
and changé¢Schatzki et al., 2005Practices in this context are open and spatially, temporally
dispersed sets of doings and sayings integrated by shared understandings, teleology, (@id)rules
For Reckwitz (2002), they are the "routinized way in which bodies are moved, objectadisziha
subjects are treated, things are described, and the world is understo286][fractices "appear at
different locales and at different points of time amelcarried out by different body/minds”
(Reckwitz, 2002, p. 250For some practice theorigiSchatzki, 2001; Shove et al., 2012; Shove &
Pantzar, 2005 )practices come together through integrating elements. Practices are
skillfully/consciously carried out by bodies/minds using things/objects, and they make up the
structure of our everyddife. Hence, practices are the routine entities that practical conscious
practitioners constitute for and within their d@yday functioning. These practices, therefore, exist
whether performed (practice as performance) or not (practice as entitiesg @Glady 2012). Some
common practices in the literature are cooking, playing football, walking, and skateboarding, but

almost all activities in society, including farming, are either practices or constituents.

Applying practices in research may vary lthea the dimension of the theory and the
researcher's focus. In thdgssertation| rely on the descriptions and practice influences of Schatzk
and Shove (see Chapter Five and Chapter Six). Schatzki distinguished practice as a coordinating
Aenti tgotaod pas fAper f oenttgaiecsdo.the spRtialam tempoml as an
dispersed saying and doing of everyday life. This notion emphasizes the formation of practices by
connecting what people say and do. For Schatzki, sayings and doingsgnageditéto practice (1)
through understandings for example, of what to say and do; (2) through explicit rules, principles,
precepts, and instructions; and (3) through i
purposes, beliefs, emotis, and moods (Schatzki, 1996: 89). Practigeeaformancedescribes
practically undertaking the doingsandsayiwghi ch factuali zes and sust
of nexuseso fg98chatzki, 1996:
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Another aspect of social practices understagdatevant in thiglissertationis Shove et al.
andpractice dynamicéShove et al., 2012; Shove & Pantzar, 2005; Shove & Walker, 28hdye et
al.'sadvancements to practice theory include simplifying elements and understanding change through
practices. For Shove et §2012 p.8), practices are constituted by three elemehtSmaterialsi
including things, technologies, tangible physical entitesl the stuff of which objects are madg;
competences skill, know-how and technique; ar8) meanings the symbolic meanings, ideas and
aspir.dteincreso there exist no universal types of
representations (mean)g material objects and infrastructures (materialities), and normative
understandings of competent performance (skil
formation of practicegSoutherton, 202(}.58). The threeelement model provided the most practical
leap to adapting practices to the realrld researchcoatx t and set a foundati
understandin@f social change, including digital changes. Hence, | apply and propose this approach

to understanding and guiding tbigitalization procesgsee Chapters Five and Six for further details).

My use ofpolitical economy and social practice in this dissertation is deliberate. This thesis
employs these two critical lenses in different sections without a-tiessetical conversation.
Essentially, each theory is used separately as | do not intend tovenosotwo theoretical
approaches. However, | must appreciate that | could have derived value from bringing these theories
into a conversation. Yet, | purposely choose to take separate approaches to engage each lens as it
allowed for effective and deep gagement on specific aspects of digitalization. The political
economy approach allowed me to probe the institutions, actors, and interests driving African
digitalization. Likewise, their politicaéconomic implications explored the potential power dynamics
of the phenomenon across scales, including changes to inequalities, uneven benefits and losses acro
sociaeconomic groups. While the political economy allowed for structural analysis of digitalization,
the continuous distinctive embedding of the phenmmnan smallholder systems informed my choice
of complementing the approach with social practices. The social practices lens is used to assess the
digitally informed emergence, formation, and resultant changes in farming practices in the
smallholder systemrhus, combining the two approaches provides analytical and theoretical depths
to my exploratory engagement with the temporary and scaler unfolding of digitalization in

smallholder Africa.
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1.5 Research Methodology

The following sections outline the reseh design (mixed method case study), the study
subjects, how participants were recruited, and data was collectecqusinigative(survey3 and

gualitative methodsdpocument revievinterviews, focus group discussions, and observation

1.5.1 Thecasestudy design

My approach to thisesearclwas a mixeemethod case studydams et al., 2014; Chmiliar,
2010) "A casestudy is a methodological approach that involves tkaejpth exploration of a specific
bounded system, utilizing multiple forms of datdiection to systemically gather information on
how the system operates or functiof@hmiliar, 2010p.1). Case study research explores the depths
of a social phenomenon to advance deeper understaiMiaygr, 2015; Tight, 2010; Yin, 2011}
involves extensive data collém with diverse methods to unravel the nuances of a Elsee,
using the casstudy approach, contextual and relational depths of digitalization were explored
(Liepins, 2000) through multiple research meth@didams et al., 2014; Bartlett et al., 2016; Yin,
2011) The choice of the case study was infed bytheoretical conceptual, angractical
considerations. The caséudy approach can blend diverse methods to providepith insights into
a social phenomengAdams et al., 2014; Castree, 2005; Yin, 2031h as technological changes
which varies across spaces and temporalities and are very much socially and culturallyinmbued
peopl e@maardarern, 2081AIso,case studies have been extensively employed in human
geograhy, including rural geography, especiallyléoling the humanist and cultural turn in the sub
discipline (Castree, 2005), to emphasize particulars and provided@ptih understanding of social
phenomena. Hencthe research approach used in this study very much informed the methods and
techniquesdr data collection and how fieldwork was organized. Due to the earlier nedegin
focus of casstudies, | undertook an extensive data collection from multiple sources as stipulated by
Chmiliar (2010) and Yin (2011However, despite the strength of the eaaly approach, |
acknowledgats limitationsto my research, including tipotentiallack of generalizability as it

focuses extensively on the specific contéBartlett et al., 2016)

1.5.2 Studypopulation, subjects andelements

The study populatiortheentirety of thenembers of a defined class of people, objects,
places, or events selected because they are relevant to the research qugitirset al., 2008;
Halcomb, n.d.; Walliman, 2017)ncluded all actors in the agitod systems itichana and\frica.
Specifically, these groups included farmer&orthern Ghanaretailers of technologies

development and governmanstitutionsin Ghana and Africaand other relevant stakeholders who
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were directly or indirectly involved with the dissemination efforts of digital agricultural technologies
or wereengaged in decision capacitiemked to the institutions are policy and program documents
about interventions currently employed to oversedalitggchnologies, which served as units of
inquiry (Clark & lvankova, 2015; Walliman, 2017\t the same time, specific social practices and
everyday activities, structures and forms of rural areas, and policies/interventions they undertake

regarding farming and rural life were used as units of analysis.

1.53 Methods andparticipant recruitment

Due to the variety of units of inquiry and sources, | employed multiple techniques to recruit
participants and collect relevant data. Before | detail my sourcing of participants, let me clarify issues
surrounding the number of participants in my methdte. quantity of participants is always crucial,
especially in quantitative studiesing mathematical analysd$owever, that is not the case for
qualitative studieemphasizingaturation and information poweén mixed methodsa bdance is
constantly sbked between depth and a larger sanipleswell & Creswell, 2017Mainly, sample
size considerations are dichotomized, with small samples associated with qualitative research and
guantitative studies noted for large samgyman, 2017)In cases wherthe two techniqueare
mixed, as in this study, there are varied views on the appropriate sample needed to make valid
conclusion§Onwuegbuzie & Collins 2007Having thisin mind, | emphasizedbothinformation
power and representativeness to deeply appreciatyyttamicsandimplicationsof digital
technologies in farminddence,] employed diverse research techniques (document review, surveys,
interviews, focus group discussions and observations) in line with the ma#ed case study
design(Cousin, 2005; Yin, 201).
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Table 1.2 Summary ofresearchmethods andparticipants

Method Description

Purpose and focus

Document review Review of policy and program documents fror
and analysis international development organizations and
technology serviceroviders

(see Chapter Two for details)

The document reviews were employec
as the bases for literature scan on
digitalization. The purpose was to
document what digitalization looks like
broader drivers and motives for
promoting digitalization, and anticiped
effects for farmers. The reviews
provided the foundations for developin
guestions for the field research and
exploring narratives in Chapter Two.

Surveys Surveyswereconducted in 28 communities
across four districts in the Northern region.

1565 participants

(see Chapters Three and Four for details)

The surveys aimedo assess the nature
of farmers' digital tools and services
how they use them, amqrceptions of
changeand challengesSurveys
included only farmer participants.

Focus groups 16 focus group discussions in 12 communitie:
Two agentsocus groups

(see Chapter Five for details)

Focus group discussions were
undertaken for farmers and ageof
service providers who work with
farmers. Farmer focus groups includet
male-only, femaleonly, and mixed
groups. The purpose was to assess
communitylevel experiences with
digitalization. Discussions covered wh
and why farmers use certain
technologeés, impacts on farming withir
communities, engagement challenges
and way forward.

Interviews 22 farmer interviews
32 interviews of officials across Africa
54 participants

(see ChaptexFive and Sixfor details)

Interviews covered atiespondent
groups, including farmers, service
providers, and key informants, from
local to internationadctors.Interviews
focused orexperiences with digital
services, motivations, challengesd
theway forward for digitalization

Observation Observation of farmers' activities in
communities

See Chapter Five

Observatios wereapplied throughout
the researchparticularly with farmers
and service providers. The aim was to
see how farmers use digital tools and
services and hofarming activities are
changed. It also allowed for
understandingpow service providers
engaged with farmers on the ground.

| conducted a documergview andanalysis(see Chapter Twd)y collecing secondary

informationabout farmer$arm activitiesin the digital agriculture spacdigital agricultural

programsand broader level policy discussions on the subjewted online sources like welhges

and infield requests from organizations to obtdocumentsAlso related to this methodexe
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reports of various progransystematicallyeviewedto assess the natives of digitalization.
Likewise, documents wemnsulted as part of angoing literature search process with some
application in the analysis stage for triangulation to enhance rigoyiman, 2017 Flick, 2018) This
method allowedne to understand some of the broad issmeerpinning the diffusion of
technologies rad the current and anticipatory motiv&Sarolan, 2017df organizations driving such

actions.

Besides the secdary review of documentsrimary data verecollected through multiple
methods, including surveys, interviews, focus group discussamal observatio(see Table 1.2)
must note that the exact forms of collecting primary data were reflective, infogmeddiding
events during fieldworkParticipants were recruited mainly through agencies, researcher community
immersion, and snowballing. | contacted program directors and retailers who have worked with
farmers to implement digital technology programs &isst step toward choosing specific study
regions. There were two approaches afterward; first, in some cases, | found communities of operation
and used personal naivks to access areas to recruit participants for both survey and interviews.
Secondly, lused technology service providers to access communities and recruit participants. In each

community, | then used different methods to collect data.

Surveys wee conductedn NorthernGhana with designed questionnaifese Appendix VII).
Specifically, inrperson surveys were undertaken with the help of reseasistant$see Chapters
Three, Four and FiveYhe survey is one of the most familiar data collection methods in quantitative
social science, geography, andliearural geographe@vadsen & Adriansen, 2004informed
mainly by the positivist and quantitative rogBrunsdon, 2017)Survey techniques are convenient
for data collection, including understanding social phenor(idioger et al., 2017)Therefore, | used
the survey to understand specific characteristics diygpopulations to derive relationships with
change. In tens of design, questionnaires includgzenrn and closeeended questiondNardi, 2018)
to understand the characteristics@gpondents, perceptiookthe impacts of digital technologies,
and social factors that influence adoption podsible effects. Closed questions entailedcoaed
answers from which respondents chagleile openended gave respondents the liberty tpregs
their opinions. My choice of the survey was because of its ability to reach out to many participants
and cature a broad scope of a phenomenon while enhancing the validhg sstidy findings
(Moser et al., 2017; Nardi, 2018)

Beyond surveys, interviews formed an integral method of my data colleSpewifically,

faceto-face interviews were conducted with an interview guide (see Appendnd\Figure 1.8
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Interviews have become an essential geographical research technique, especially in human geograph
(Clifford et al., 2008; Hay, (ed), 20L68ue b the value of conversation in understanding discourses
and intentions. The technique is extensively used in rucgrgehy to understand the experiences of
the farmers from the perspectives of those who ligglédsen & Adriansen, 2004; Panelli, 2001;
Smithers & Johnson, 2004 movement centred on peiples of lay discourses of ruralifiziepins,

2000) Hence, sermstructured interviewéMcintosh & Morse, 2015; Paine, 201b¢re used in this
reseach. Interviews were mainly recorded with audio recorders and later transcribed for analysis.
However, respondents who opted out of recording werearggBliviewed, and notes were taken.
Proceeding with interviews off tape was influential in the Ghanaian context veogfepvere

sometimes hesitaaboutbeing on record. All interviews were scheduled appropriately to ensure that
the researcher and partiaifts were not inconvenienced and safe according to C&¥Iprotocols

and as outlined in thkesearch Ethics Documents (see AppehidixThe usage of interviews was
primarily influened by the role of spoken language in creating discourses. It provided more detailed
data than other methods within a relaxed atmosphere like everyday conversations. Also, interviews
helped gain insights about digitalizati@lowed participantso expresgheir feelings, and were

suitable for generating quotes and stories that create mental pictures of practices and change.
However, the intrusiveness on the participants, as some may perceive the technique, and its time
consuming and expensivengbiy, 2016)mpacted the data collection by limiting the number of
participarts in this study.

Figure 1.3 Student conducting interviews with participants

Another method | employed was focused group discusgsaesChapter Five for details)
This method wasisedwith the help of a focus group guide (see Appendiadd Figure 1.1
Focused group discussion mainly invalviateraction between the researcher and a selected group of
people, mainly between six to twelve purposefully selected infornj@atgy et al., 2016; Krueger,
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2014; Stevart & Shamdasani, 2014focus groups have also been used in geographical research to
understand socioultural issues within groups following cultural turn in the discip(i@éfford et al.,
2008; Hay, (ed), 2016)he technique is generally used to solicit information on issues that requires
extensive discussion. This study employed the method to coieahunitylevel information to
elucidate current and potential structural changes in farming households and communities resulting
from digitalization. Due to the complexity, diversity, gmoksiblecollective experiences of new
technologies, focused grodgscussions providkan avenu&r conversationsbout how diverse but
closelyknit groupsperceivedigital social changes. Discussions were set up in communities in the
study regions in Ghana. The selectaod composition gbarticipants wre dictated Y each

community's ecial structures and characteristiesr examplemixed groups were conducted in
communities Were females felt free to spemkthe presence of maleat the same timeseparate
discussions were fekin areas with clear gender power imbalant&swyever, the challenges of

having people participate or even speak freely when brought togethstilvas issuen some areas
especially for womeriThis challenge was minimizatiroughinterviews that allowd partigpants to
speak withouthe concerns of othersikewise, including a female research assistant as part of

conversationdelpedbreak somef thebarriers for women in discussions.

Figure14St udent conducting focus group discussior

Finally, observation formed an essential part of my research. Like the other techniques,
observations are commonplace in human geography and among rural geogespleeially those
inclined to the humanistic and cultural turns in the disciflibery, 2014; Munton2017) In rural
geography, observations have been used, for exariplleway (2004) to unravel how rurality is
practiced and imaged. Also, geographers have ofied observation as a powerful tool in

ethnographic studies to document everyday activities across $paces: Holloway, 2015;
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Holloway & Hubbard, 2014)Following the early gplications of observations in rural research, |

used the method to undeastl the everyday practices of farmers in the context of digital technologies
in the study sites. This technighelped creata mental picture of howigital technologies are

employed and how they shape everyday practices in farming. Observations weadoptsal to
complement interviews during fieldwork tmderstand expressions and behaviemddetermine

how these technologies are employed and their impaetvenyday practices and structures. This

method was crucial ianalyzingdata and informatiorhntoughout this dissertation.

1.54 Data processing andanalysis

| used multiple techniques, tools, and mechanisms to process data for further analysis. Data
collected from secondary sources and fieldwork were processed through editing, organizing, coding,
and deductions.

For quantitative data from surveys, MicrosoficEl, SPSS and-Btatistics were combined to
process and create relevant diagrams andsdnaspecific manuscripts. The dateereexported to
excel from Kobotoolbox and later exported into SPSS asthistics depending on the statistic or
graphneededAfter entering the data, descriptive and inferential statistics were used to make sense of
the information. A simple univariate analypiesentedbasic descriptive accounts of farmer
responsesncluding frequencies, percentages, averages, and medliansChisquare analysiwas
used to determine the relationshipvbeen farmerscharacteristics and various digitalization
variables, including participation, retentioand farmer interest in future participatidéramer Vwas
alsoconducted with the Cksquare to show the strethg of each relationshipalso employed bit
modellingto establish the likelihood of farmers participating in digitalization services in the area.

Thesenferential statistics allowed me to delve deeper into the data tdasaelatiorships.

For qualitative data collectatirough interviews and focus group discussions, an approach of
recording, transcription, editing, and analysis was followed. Some interviews and focus group
discussion recordings wet@nscribed with Express Script Version 6 with the help of a transaripti
peddle. Transcripts were then processed for astage coding through editing to correct grammar
and spelling errors (only mistakes made by the researcher were fixed). Thetdilstdeanmanual
approach where | read through the transcripts to identify general patterns while noting key themes.
The transcripts' softcopies were then uploaded to Nvivo for a more directed coding informed by the
first set of themes derived. However, oaglat each stage was informed by predetermined themes
from the researchbjectives and theoretical propositions. After themes were grouped under research
objectives, a more inductive approach was used to present ideas aligned with the research objectives
The entire process was built around the thematic analysis. The chthesnatic analysis was

informed by its flexibility. Still, the lack of transparency and the absence of clear and concise
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guidelines on its application proved difficult and problemaitiowever, | minimized the impacts of
these issues by using some colleagyto check the themes, while | also combined it with content
based analysis. For content analysis, latent and manifest content, a technique of identifying what is
said, was mainly i (Hay, 2016) Hence, throughout this warkdescribe what was gh{latent

content) and what that means (manifest content). |, however, did this with care to ensure contents
stayed close to respondents’ words, a situation that adds more validity to qualitative information
(Assarroudi et al., 2018Y o achieve this, Nvivo 12 was again very useful. The software was used to
do a word search in policy documents and interview trgstsdo reveal informabn clustes and to
quickly identify contents around policy, programs, projects, and so on.iAlsome cases,

quotations from translated transcriptsre used throughout the research to eespondents’ voise

(Ritchie, 2003) asised mainlyn qualitative human geograpliay, 2016)

1.6 My positionalitiesin the research

The researcher's positionality is central in the literature on research processes, especially
among qualitative researchéBourke, 2014; Corlett & Mavin, 2018n particular, the reflexive
turn in many social science disciplines has made researchers increasingly conscious of how they
negotiate identities in their position as either insiders or outsileesearcl{Geleta, 2014and how
their personalities interact in the research activ{iidssu, 2021; Moser, 2008Positionality clarifies
how a researcher's personal experiences (re)shape the research process, including the choice of
methods, data collection, analysis, and interpretd@n, 2016) As | combined qualitative and
guantitative methods, | will offer a cursory reflection on my positionalities (as an insider, outsider,
and insider from outsider/outsider from inside) was negotiated in thercegerocess and the

advantages and disadvantages each provided.

I was born and raised in Tamale, Northern Ghana, until 2016, when | left to pursue post
graduate studies in Canada. | speak Dagbani and other etekdiyd dialects that are spoken in
Northern Ghand.was born to a farmer and grew up occasionally hglpmthe farm and
experiencing théssues and changes in smallholder systems in theTdres, | considered myself an
insider from the onset of this resealbdtausenost of my fieldwork wag Tamale and surrounding
districts, where Dagbani is the predaant language of communicatitwy the thousands of rural
smallholders in the regioiIso, my upbringing in the area made me familiar withglaee's cultue
and social waysf doing things. Likewise, participants considered me an insider as many vieke qu
to point out that | was a native by sayfgT i ni ri mbal a, "™ transl ating

places that spoke different dialectghie Upper East region (Ghana), | was still considered an insider
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as they noted that "we are all one peoaitd] tribe,” referring to a common ancestry shared by our

cultures

My birthplace and culture werastrumental in my choice of study location(s) (among other
factors stated in subsequent chapters in this thdsisy provided me with the right opportuntty
studyata place dear to my heart. This position provided both advantages and disadvantages. On the
positive, my ability to speak the Dagbani and understand other dialects in the study regions offered
an easy way to interact with participants in margaa of Northern Ghana (including those speaking
other languages). | remember visiting the community of Nasia in the-Méathern region, where |
successfully conducted focus group discussions speaking a different language (Dagbani) to my
participants (Mimpruli) without using a translator. As many participants considered me an insider, it
was easy to build trust and gain credibility with farmers and hold conversations they may only be
willing to share with people they trust. Likewise, my ability to orgarthe field activitiesaccess
communities, and talk to local leaders was highly facilitated by my insider knowledge of the setting,
which provided mavith an extensive social capiti draw upon. This position allowed me to
interpret conversations muamore profound than an outsider could understand. In contrast, my
position as an insider, from my assessment, made it challenging to access institutions in the area. As
thefamiliar dictum goes"Ghanaians like outsiders more than insiders," which | comdtr
considering my data collection experience. Institutions were reluctant to work with me or offer me

information as they probably felt threatened by what | may use the information to do as an insider.

Despite being an insiddrfelt like an outsider tacertain timesa position that waalsonot
lost to some of my participants. As an educated person with a university degogeas spent much
of his Iife in what i s consi degaeddbeingcondidergd by m
comefrom abroad, | was also part an outsider. Internally, my time away from the region and the
culture as | pursued education made me gave me occasional feelings of an outsider. Likewise, some
participants al ways r ef er e,the ®ada |lnee paeso pflyei) Toarmar
Nimmaa" (you the educated people), which meant they viewed me as an outsider. This position
presented opportunities and challenges for my field activities. The outsider position allowed me to
negotiate specific topics quickly. B consideedan outsider meant that participants hoped | could
bring some changes to their lives through my connections. Hence, they were open to talking about
their concerns more candidly. However, some were still hesitant to speak to me as | wassiewed
part of the "many outsiders who come to take their information and never see anything happen." This

challenging situation emanated from the research saturation by academics and NGOs in the area.
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My insideroutsider status culminad into what kcall an insider from outside/outsider from
inside. In essence, | viewed my ultimate position in the research process as an insider from the
outside or an outsider from the inside. This mixed, entangled and intersectional position emanated
from the confusio on the parts of some participants and myself on where | belonged duévio the
statuses mentioned abovéelt more like an insider throughout the process, but there was occasional
confusion in my head about my position. | typically introduced mysedbmmunities as a student
doing research who is also a Dagomba from the area. Also, the nostalgic feeling of collecting data in
familiar communities where | grew up, walked and travelled as a chilgtantly contrastedith the
new me and my ambivalem@ disconnected feelings of the setting that interplayed at certain
moments. Participants also expressed their positional confusion regarding their approach with me by
guestioning who | am there for (either a part of them trying to create awareness obricerns or
an outsider just interested in sgffatification). This mixed and uncertain position also presented
advantages and disadvantages. The position allowed seamnoessly navigate the field activities
and interactiondy drawing on whatever iadity | found helpful in each case. For example,
introducing myself as a native (insider) researcher from outside (Canada) allowed me to draw on the
identity needed at each point. On the contrary, this status sometimes heightens participants’

confusion, lading some to be hesitant to engage.

Another important position that affected my research was the power dynamics that emanate
from gender differences. As a male conducting research in a highly patriarchal society, my position
influenced the research proseas various ways. Being a male allowed me to access the study
communities easily and connect with digital technology dserso were also mainly male.

However, women play a crucial role in smallholder agriculture in Afiixass, 2001; Doss, 2002;

GSM Assaociation, 2019Wwhich meant it was essential to capture their voice. | anticipated that

females might be reluctant to open to men on sensitive topics; however, the lack of sensitive issues in
the general agriculture focus of my research allomedo circumvent some of such barriers.
Nonetheless, there were instances where the power imbalances influenced the voice$ aaptured
typical example was in focus group discussions. Women were primarily reluctant to talk in mixed
gender focus groups, esjaly when male figures in the family were present. My decision to

conduct separate focus groups for males and females in specific communities helped minimize the
effects of such differences. In all, | acknowledge that my position as a male, with li@ntegsower

implications, shaped my research methods and the analysis of the results.

Generally, navigating these positions demanded practical conscious reflectivity throughout
the research processsuccessfully leveragdatese positiongartly throughusing my personalityo

create trust, credibility, and acceptance among the research participants and comfAduities
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Ampong & Adams, 2020; Cousin, 2010; €9 2021) While negotiating my positions, | always
acknowledged my roles as araleinsider, outsider, and outsider from inside, whose main goal was
to generate valuable knowledge to inform theory, policy, and practice. Thus, | acknowledged my
“respongbility and indebtedness" to all my research participants for their roles in this process. | also
recognizthe biases these positions inherently brought to the data collection and interpretations of

the textsn thefollowing chapters

1.7 Structure of Dissertation, Manuscripts, and Contributions

This dissertation is structured as seven chapadreh includefive peerreviewed
manuscriptsChapter One, Setting up the Reseatalys the foundation for the dissertatizee
Figure 1.5) TheChapter begins with a broad introduction to this dissertation, which outlines the
backgroundf the research and the themes covered. The following section in the Chapter is
Contextualizing the Research: Digitalization in Africa and Ghana, which introtheedgitalization
of agriculture as a concept and setanpnderstandingf digital agricultural technologies in Africa.
Following the sectiomrethe Theoretical and Analytical Underpinningfghis work, where |
introduce thewo theoretical perspeees: political economy and transitions and social practices
theory. | present each theoretical approach as an underpinning pillar to how I think, analyze, and
discuss the digitalization of agriculture in this dissertation. Following the theoretical efpproa
outline the five objectives of the dissertation. In the next section, | discuss the methodology of this
research at the broader level, highlighting the research design, the study subjects, the process of dats
collection and steps towards analysise Thapter ends witlhe Structure othedissertation

Manuscripts, and contributions. Beyond this structure, the remaining dissertationis as follows:

Chapter Two, "A New Green Revolution (GR) or NeolibeEitrenchment in AgiFood
Systems? Exploring narratives around digital agriculture (DA), food systems, and development in
SubSahara Africd’ | discuss the narratives of digitalization as shown by organizati@mpmbning
efforts in Africa. Using documemeviews from international development organizations and
technology service providers in Africa, digitalization is promoted by an international development
organization and private sector actors. | also usedberdents to reveal the seven key anticigpate
impacts of digital agricultural technologies in Africa as presented by the promoting actors.
Ultimately, the narratives in thgapersare generally positive and technological optimistic at best.
Then, the polital economy theory shows that the curdedcriptiors follow and entrench earlier
green revolution rhetoric, but such an approach may mask underpinning issuessatiditask

technologies may create for specific classes, such as the uneducated and women.
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In Chapter Three, | presentIs agriculural digitization a reality among smallholder farmers
in Africa? Unpacking farmés engagement in rural Ghaod his chapterintroduces the dynamics of
rural farmers' engagement with digital agricultural technologies in Africa and Ghiaadirst field
based paper in the dissertation introduces farmer participation in digitalization and discusses the
nature of services provided smallholders in AfricaThe Chapterdraws orthe surveysn Northern
Ghanato show the types of digital toodsd services available farmersandthe characteristics of

farmers who usthem

In Chapter Four, "Gender, access to digital tools and tidicompetencies affect rural
small hol dersdé participation in dibgxanirehowagr i cu
diverse factors may influence farmers' participation in digital servigiegpters Three and four both
utilize the results of the surveyhile ChapterThreeis inherently descriptive and simply descebe
the technologieand services differd farmers use, Chapter Four picks up wheteaves off and
uses a polynomial modelling technique to create a predictive motiehoérengagement with

digital agriculture.

In Chapter Five, "Beyond Transformationgigricultural digitalization and the @nging
practices of rural farming in Northern Ghana, West Afridaegmploy a mixeemethod approach to
show the change dynamics of moHiased digital services. Firstdtaw onthe survey of farmern
Ghana used i€hapters Three and Fotar show that rural farmers generally perceive digitalization as
a potential mechanisfor changingfarming and ruralivelihoods Furthermore, | use a practice
theory to examine and show that farmers' engagement with digital¢adls fo change by altering
their everyday farming and livelihood activities through the reconstitution of the use of space and
time. The paper sheds light on the "how" of the change mechanism of digital agricultural

technologies foAfrican rural farmers

In Chapter Six," Towards digitalization futures in smallholder farming systems ir Sub
Sahara Africa: A social practice propos&dloffer a pathway to think, research and guide the
institution of digitalization of agriculture ismallholderAfrica. | draw on insight$rom all the
preceding papers amthta from key informant interviews with actors in ffeican digitalization
ecosystento show how Shove et gR002)three elements of practices could be critical to
digitalization effortsl emphasize¢he need foequal attentiono digitalization materials,

competencies, and meaninfjgie stand any chance of successful digital futures in Africa.

In Chapter Seven,| present the summary of findings atwhclusiors from the keyresults across the

preceding five chapter$he Chapter starts with the essential findingsdettlictonsfrom all the
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chapters, presentedcording tadhe objectives outlined in Chapter One. The Chapter also discusses

the scholarly contributions of thigsgdertation)imitations, and the study's practical implications
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Main Question: howwould digital agricultural technologies

manifest and renodel smallholder farming and what
implications do they present 8ubSahara Africa?
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Figure 1.5 Structure and flow of the dissertation
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2.0 A New Green Revolution (GR) or Neoliberal Entrenchment in AgriFood Systems?
Exploring narratives around digital agriculture (DA), food systems, and development in Sub
Sahara Africa

2.1 Prefaceto Chapter Two

In this chapter, written as a standalone msenpt, | presentsome preliminary revieswon
digitalization inAfrica, as seen through the documents of the key propookatgicultural
digitalization Chapter Oneshowed that digitalization is a growirmpnenomenoim Africa andis
primarily promoted and supported layd withininternational developmemrogramming(Kim et
al., 2020; Rolandi et al., 202T'san et al., 2019Following the brieforetext thischapter begins to
examine the dynamicdg thephenomenon through the narratives of development aatuts
organizatiors. Specifically, thehapteris situated witim thepolitical economy ofural development
by answering the questioegnsidering the growing promotions of digitalization in Africa by
development actors, what effects are these technologies anticipated to have on smallholders and

rural development?

To answer thisl, usesystematic document analysisstiowthatthe narrativesexpect
digitalization totransformrural food systemanddevelopmenthrough seven key areasDA will
bridge agricultural information and knowledge gap DA will lead to productivity gains and
greater onfarm efficiencieslil DA will lead to food and nutritional security in Africdv DA will
facilitate Climate change/ environmental sustainability and iesile V DA will create employment
opportunities and empower youtl DA will promde gender and women empowerment in
agriculture, and VIl DA will ensure rural livelihood improvements and resilientheseotential
impact ways are noted as parthyemotvationsand justification for development orgaations that
implementand hypedligitalizationinterventions ultimately attractingsubstantiafinancial support

frominternational donors andooperations

To inject a criticalperspectiveo the narrativesl| subjectthe findings to politicaeconomic
analysisthat shows that developmeimipact pathways presented in tteports are a continuation
andentrencimentof older GreenRevolutionrhetoric of technological saviorisnHence,
digitalizationjustifiesthe activities of theroponents athey position thehenomenoas proepoor
developmeninterventionsset to transforntivelihoods Through this politicaleconomic analysis,
point outthe need to move beyond broadarratives of what digitalizatiors or could be or do for
smallholders and rural communities aimgteadbegin to considethelocal implications on power
dynamics and class (re)structuring associated withn Thiswholesomeall in this chapter
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becomes the critical block for the fididised empiricahrticles and the Chapterthatfollow as they

begin to unpack sonfandamentastructuraldynamics of the digital revolution in Ghanad Africa
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2.3 Abstract

This paper adopts a document analysis to describe the expected developmental effects of
agricultural digitalization in Africa. Narratives show that digitalization is expected to bridge
information and knowledge gaps in agriculture; promote food security; increase climate
change/environmental sustainability; provide employment and empower the youth; promote gender
and women empowermeahd enhance livelihood resilience in rural areasttWhese findings, |
argue that, though justifiable, private sected digitalization, withits optimistic technocratic
narrativesf ol | ows, entrenches, and extends the O0tr ¢
Revolution efforts to improve smallholderal lives through technological diffusion. However,
without critical considerations of politicadconomic issues affecting its proliferatiand their
implications on power structures and class restructuring, these narratives mask potential neoliberal
incursions. Thus, issues of connectivity and the digital divide, the slow pace of technological
adoption, scaling and sustainability of digital solutions, and the weak enabling environments must be
addressed to make benefits inclusiMee politicaleconomt discussions of the narratives inject
muchneeded critical perspectives into the early conversations by showindidiitatization [among

others] may further concentrate power and restructure social classes.

Keywords: Digital agriculture; development agncies;African development; smallholders; rural

livelihoods

2.4 Introduction

Developmental organizations promote disruptive digital techndaggdools that lead to new
development opportunities in Africa. But what effects on these technologies har®lhmolders
and development in general? Since the contest
Patel, 2013), mechanization, biotechnology, hybrid seeds, irrigation, biotechnology, synthetic
fertilizers, and recently Information and Commuation Technologies (ICTd)ave beempromoted to
transform |Iivelihoods and reduce poverty in A
AAfrican GrephmeRevidiuwans®hor mati onal technol og
practices and reaech on rural development, poverty reduction and economic develofsaent
complementary technology to the earlier Green Revolution innovations in Africa, ICT promotion in

agriculturecontinues unabatg®lunyua, 2007.)
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For over a decade now ghCTs agendhas continuetb expand intdhedigitalization of
agriculture (digital agriculture) programming, where ICT in agricultwagréculture, MobileAgri,
and big data in agricultutie used to describe the application of ICTs in dgad systens(see Ajani,
2014; Akullo & Mulumba, 2016; Alabi, 2016yVhatever terminology is used, digital agricultisat
the nexus ointelligernt machines and datdriven agriculture, where digits [transmitted as 0s and 1s]
direct agricultural activities and practices to optimize operations (Z280@,) Digital agriculture in
Africa, therefore, includes mob#enabled technologies that provide information to farmers to
sophisticated automated systems where-aidtemed commands are given to sedintrolled and
intelligent devices to carry out activiti@Smeana et al., 2020; Olaniyi et al., 2018; CTA, 2019)
Specifically,digital agriculture is the increasing application of digital tools such as mobile phones,
robotics, drones, blockchains, cloud computing, and artificial intelligence to generate and manage
data and the services and solutions (products that utilize digglaland systems) for agricultural
processedigitalization's focus moves beyond the direct deployment of novel digital technologies to
include creating services and solutions to overcome diverséoagrichallengesdence,
development agenci@screasngly focus onAfrican agricultural digitalizatiofKim et al., 2020)
And while digitalization may be promising, the literature on the subject is still scanty, fragmented,

and lacks cohesive narratives antical engagements of potential impacts in the African context.

In this paper, | offer a birdsye viewof the narratives of development agenciesvbiat
might be the effect of DA being in Africahile also exposing the anticipations to potential political
economic perspectives to explain why identified effects attained relevance. | show that digitalization
IS anticipated to provide widnge benefits to transform smallholder practices, rural livelihoods,
and stakeholders' activities across the agricdluale chain; however, the connectivity/digital
divide, adoption and scalability, and enabling environment must be ensured. To underline this
argument, | use the results to preseawven anticipated effects of DA in Afrighile the discussions
probewhy the themes emerge. The discus®aplicitly describegligitalization asanemergent
(uncritical) pillar of the African agricultural transformatioandhighlights who andvhat drives the
digitalization and narrativesvhile moving the discussion forward witlvo political economy issues
to start critical conversationslhreePractical considerations foDA's success in Africare

presented before@nclusiorreflectingon the future of digitalization and areas fortlir research.
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2.5Background

2.5.1Political economy and technology promaotion in agriculture in Africa

Scholars of African agriculture have long employed political economy to discuss how the
differential composition of power in African societysisaped and how that, in turn, influeatee
wellbeing of different groups, including smallholders, rural people and marginalized dseeps
dynamics of economic activities and behavineshapesocietal structures and proces@®ates,
1987; Boner, 2018; Friedmann, 1993pecifically, the clss (re)structuring processes and power
dynamics within Africa's agricultural development is of concern. Within such discourse is how
technology diffusion and interventions emerge and their consequential influence on diverse peasants
and smallholders' socieconomic conditionfNyantakytFrimpong & Bezner Kerr, 2015;
Shilomboleni, 2020)Central to the literaturarethe strong critiques of technology diffusion
processes in the region, primaen| Rex dhlrwwigdhn tt
prescriptions of biotechnology, fertilizers, and highlding seedsCritiques argue that agricultural
technologies are promoted to senamliberal agendastonomic and politicahterestswithout
consideringtheir potental adverse impaci{®raimah et al., 2017; Schurman, 2017; Vercillo et al.,
2015) The literature on the political economy of agricultural technologies in Africa is enormous
(see, forexample Berhanu & Poulton, 2014; Nyantakifrimpong & Bezner Kerr, 2015; Scoones &
Thompson, 2011 )any attempt to fully engage such literature would amount to duplications without
adding value to this paper. Hence, | focus on why the approach is appraprigdisecfissing
digitalization's early narratives.

First, as already mentioned, political economy is extensively used in understanding
agricultural dynamics in agrarian societies, including in Af(Bates, 1987; Birner & Resnick,
2010) Hence, applying it to digitalization builds on an earlier analysis of agricultural change in the
region. Secondly, because of its ability to critically engargeesses, political economy offers a
more indepth analysis of why and how interests interact for certain things happen the way they do
and their potential impacts on social structy&sner, 2018) Thus, adopting a political economy
lens will allowexaminingthe motives behind narratives identifiethile contemplating thpossible
consequences of sudescriptiors and their supporting interventioriskewise, itwill allow for
injecting muchneeded critical perspectives into early discussions of agricultural digitalization in

Africa.
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2.5.2 Context: Overview ofdigitalization in African agriculture

Digital agricultural tools, described as a part of disruptive Agghnologie¢Kim et al.,
2020) are increasingly evident across agriculture in Africa. Though their spread has been uneven,
Kenya, South Africa, Nigeria, and Ghana boast the region's highest disruptive digital agricultural
services (ibid) Digital agriculture in Africa is characterizatiddrivenmainly by private actors,
from small starups (e.gTrotro Tractorin Ghana to large multinational corporations (e.qg.,
Mi crosoft 6s F)ahatpiowda mdtiple sallitionb withimsingle platforfisrner et al.,
2021)

According to theCTA (2019), one of the leading development agencies for digital agriculture
in Africa, there were more than 390 digital agricultural service providers in Africa in 20thSowear
70 percent established in the last decades. By January 20835 k& AgriTech programme tracked
437 digital agricultural services in St8aharan Afric§ GSM Association, 2020aj\ World Bank
scopingof the sector identified fouwritical driversof digitalization (among others) in St&aharan
Af r i c a:-cost &nd pervdsivewneans of connectivity, (2) adaptable and more affordable tools,
(3) advances in data analytics and exchange, andg#asing demand for contextualized
agricul t uenletak, a0RQ g. xivyHovgewver, the increasing availability of mobile
phones and internet services are the main drivers, especially in rural Afrid-Saharan Africa,
despite the digital divide and inequalities within and among countries, mobile and internet
penetration is growing steadily. According to the GS{2820b) in 2019, mobile subscriptions were
about 477 million (accounting for 45% of theputation), increasing from about 37 million in 2015.
This penetration is expected to reach #fAreach
penetration by 20250. Li kewi se, smartphone ad
50%of total connections in 202D cheaper devices are expected to double penetration in the next
five years (ibid)Hence, by 2019, theariousdigital services were estimated to have covered more
than 33 million smallholderél'echnical Centre for Agricultal and Rural Cooperation, 2019Yith
the wide range of DA services, farmers receive advisory and information services, market linkages,
supply chain management services, financial access, and macro agricultural intelligence solutions.
The basic unitd leveraging big data to provide information and knowledge to solve some of the

long-standing challenges in agriculture in Africa.

2.6 Methodology
This paper is based on document analysisitivaives carefully considering set of

documents [printed and electronic] to apply their information to answer specific research questions. It
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involves careful reading and interpretation to gain meaning from docuBawen, 2009; Wood et

al., 2020) 1 first defined thdocus to explore and understathe current narratives on digital

agriculture in Africal focused this paper on the documents produced by development agencies due
to the decisive role and the power of their discourses and activities in shaping theryrajedigital
agricultuein Africa (Babcock, 2015; Emeana et al., 2020; Olaniyi et al., 2018; CTA, 20h8)data
wereretrieved throgh a seriesf steps (see Figure 1) from google, google scholar and other

platforms (websites) using specific search tefsee Table 2.1)

Table 2.1 Search terms

Key terms
Digital agriculture OR farming + Africa and/or SuisaharaAfrica
Digital agriculture OR farming revolution + Africa and/or SutsaharaAfrica
Precision farming OR agriculture + Africa and/or SuksaharaAfrica
e-agriculture OR farming + Africa and/or SutsaharaAfrica
Smart farming + Africa and/or SuksaharaAfrica

The search process was targeted and only included documents published by international
development orgamatiors or produced through their support; sevefity documents were retrieved
for further consideration through title consideration of searchngthe process was supported by a
targeted search foecorad from websites of known development agencies and NGOs in Africa’'s
digital agricultural ecosystem, including Food and Agricultural Organisation (FAO), CTA, African
Green Revolution Forum (AGRF\liance for a Green Revolution in Africa (AGRA); World Bank;
USAID, DFID, GIZ; and CGIAR. An additionaendocuments were added through this process. Of
the 85 documenthoroughty read for inclusion, 46 articles met the inclusion criteria of being 1)
published from 2010; 2) in English; 3) addressed newer spectrums of digital agriculture conceptions
rather than just older ICTs in agriculture rhetoric 4) and 5) directly addressed digital agriculture in
Africa or spketo digital agriculture broadlgoncening Africa (see AppendiX). The documents
were supplemented with information from websites from identified development agencies driving
Africa's digital agriculture ecosystem. Adapes included in the review were available online.
However, the limitedhvailability of agencyproduced documents from Africa on the web could affect
this review. Likewise, the biases of the researcher and the avaéables online could favour
specifictypes of digital technologies in this analysis. Also, since the rebearseeks to explicitly
assess digital technologies broadly (emptiagithe direct usage of newer terminologies of digital,
smart, precision, ef}; earlier ICTs interventionthatimplicitly refer to digital processes could be
excluded. Likewise, usingnly available onlire documents could exclude certain narratives

unavailable in web sources.
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Establishment of research question

Research question

what might the effect of DA bein Africa g:ga}t;(i‘ r:;?;,n
knowledge
Google scholar key Records from other
word search Google search sources
N= 145 N= 86 N=23

Identification of
documents with titles,
3 sources

254 records

Total Records n= 254

Full text screened

N=76
Title consideration for relevancy and duplicate
exclusion
N=76 Thematic coding
N= 46

Reference list search +Relevancy Exclusion &

duplicate exclusion n=9 Exclusion criteria

Published in last
decade
Addresses ICTs
with inclusion of

Full text examined for inclusion ;
newer technologies

N= 76+9=85 - Specificto
Retained documents for coding=46 digitalization in
Africaor partly
speaks to subject

Thematic coding
of themes

Thematic coding emerging

Figure 1 The document review process

Figure 2.1 Documentreviewprocess

Retrieved documents were uploaded to Nvi2dor analysis, using content and thematic
strategies. Each document was carefully scanned to draw broader themes, as expected in content ant
thematic analysiévaismoradi & Snelgrove, 2019A detailed reading followed this process to draw
sectionsabouti what | mpact woul dyrdicagiil ttailr et éehcaahvreo long yAfir
The nodes function in Nvivo 12 was used to code sections in documents. The coding provided the
needed information to draw segments and quotes from the documents related to specific themes that
echo discourses arodligital agriculture. Each node was later reviewedrardhonize to remove
duplications while combining nodes with similar issues. Two broad themes of anticipatory benefits
and practical considerations with many €hbmes under each category emergenhfiloedata
review. The approach allowed for emphasis on the contents of the documents and the presentation of
what is implicitly or explicitly said about the digital transitipkssarroudi et al., 2018) Africa. The
thematic analysis allowed for drawing out key areas and topics evident in the litéxatwed| et al.,

2017; Vaismoradi & Snelgrove, 2019)
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2.7 Results
The results present the narratives of the expected effects of digitalization in Africa. The

section outlining the seven key impacts of digital agriculture and their pathways to change (See Table
2.2 andSupplementarylable 1 for details) on African develm@nt as revealed through the

document analysis.

2.7.1 Keyexpectedeffects ofdigitalization in Africa

The seven fundamental thematic areas on how digital agriculture will affect development in Sub

Saharaarepresented in Table2

Table 22 Anticipated benefits for digital agriculture transformations

Expected effects/impacts Supporting quotes
fiKey benefits of digitaldi
i nfor ma%t oné. . o
| DA will bridge agricultural information and
knowledge gaps i F éarmers, they offer access to tailored information ani
insights that allow indivi:
P.5

AfOne of the greatest opysadbr
productivity globally is marrying plant science with
Il DA will lead to productivity gains and greater improvement in farming practices through precision
onfarm efficiencies agrici®t tureo

AiPrecision farming New di
make farming more su%st ai

ilncreased access to and
address the challenges of food insecurity from multiple fror
including increasing access of households tofaom income
and enabling households tetter gauge the safety, quality, a

Il DA will lead to food and nutritional security in nutritional value of their fooaf P-135

Africa

fi Eagriculture can increase food and nutrition security an
food production and processing by managing information fl
data gathering and analyd&"®

fiD4Ag has likely already helped reduce some effects of
climate change by improving resource use (e.g., soil and w
conservation due to advisory services), building resilience (
via digitally-enabled agii nde x i n s®®?t an

IV DA will facilitate Climate change/
environmental sustainability and resilience

SBYTEBYBYTE-P o | i cy I nnovation for Transforming Africabés Food System
http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/133277/filename/133488.pdf

"The Digitalisation of African Agriculture Report, 20P®19 https://www.ctant/en/digitalisation/issue/thdigitalisatiorrof-african
agriculturereport20182019-sid0d88610e2124e4d6a825%455b43cf5ed6

8 Digital and datedriven agriculture: Harnessing the power of data for smallholdetps://hdl.handle.net/10568/92477

° E-agriculture in action: Drones for agriculture: http://www.fao.org/documents/card/en/c/I18494
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i Far mi n gities andnothers involved in agriculture ha
to adapt agriculture to climate change and other challenge
this context, ICTHdriven tools and technologies to enhance
decision making through accurate, reliable and timely
information have an importantlroe  t d%Pp | avy

AThe I nternet of ihmevatonand n (

prosperityand when applied to agriculture may free the sec

V DA will create employment opportunities and of its stigma- drudgery and poor income prospeatalmake it
empower youth more attractive for vy

AiD4Ag i s seen as a way t
agriculrttireoé

"Women play a core role in agriculture but underperform i
terms of productivity largely because they lack access tc
resources such as finance, skills training, and informatio

VI DA will facilitate gender and women services. Mobile technology could bridge this gap, helping

empowerment in agriculture

€ Increase productivity an
h o us e h mpodes rurdl wdinen in their households an
communities and A I mprove

communities®2p-3

AAn increasing body paehtial®fv i
VII DA will ensure rural livelihood improvements di gi t al technol ogies t o*P¥n
and resilience
iAn i ncl usédnabled agritdltgal ttamsforimation
could help achieve meaningful livelihood improvements fc
Africads 250 million s me&Pi

2.7.1.1 DA will bridge agricultural information and knowledge gaps

Oneway digital agriculture is expected to affect development pathvaagsprocesses in
Africa is through the provisiongf € . accur at e, -spedifiedrige,weltenahd | oc at i
agronomic dat a E#EHP@majnedeingdk’ pA @rosscotting issae is bridging the
information gaps and increasing access to valuadplieultural knowledg, includingthe CTA and
FAO documentsAs digital agriculture produces and relies on quality data to gather information, it is
anticipated to improve decisianaking, enhance practices, enable innovative services, and enrich
communicéion amongssector stakeholders. For instanem o bbiadedeadvisory services can
provide muchneeded information on agricultural best practices, market prices and weather
forecaste!2P-15 Specifically, mobile advisory services (e.g., Arifu, Farmliteywasei, Usomi,
FARMSMALL, ESOKO, lima Links, etg provide farmers with agronomic advice and other

10 Unleashing the potential of Africa's youth through digital innovations: http://www.fao.orgéomployment/resources/detail/en/c/1151913/

Uihe gsma mwomen global development alliance is a programme: https://www.gsma.com/mobilefordevelopment/wp
content/yloads/2014/06/Women_in_Agricultuee Toolkit_for_Mobile_Services_Practitioners.pdf

12 The Gsma Mwomen Global Development Alliance Is A Programme: https://www.gsma.com/mobilefordevelopment/wp
content/uploads/2014/06/Women_in_AgricultaeT oolkit_for_Mobile Services_Practitioners.pdf

13 https://lwww.gsma.com/r/wpontent/uploads/2020/09/GSMAgritech-Digital-Agriculture-Maps. pdf
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information, are central to enhancing practices and overcoming some structural barriers to agriculture

in the regioA®.

However, the mere presence of seegiand information cannot guarantee access and usage
among smallholders, as adoption is equally critical for any impact. Likewise;@dtioal beliefs
may undermine the value of digital information because farmers are likely to be indittenemt
knowledge and practices emanating from digital tools. Smallholders are also likely hindered in
accessingligital information due to socieconomic and institutional conditions, for example, lack of

access to mobile phones.

2.7.1.2DA will lead to productiviy gains and greater €iarm efficiencies

Stakeholders like CTA, FAO, AGRA and World Bank all consider digital tools, services and
solutions as the levers to change farming and agriculture towards more productive pfemtices.
instance, precision farming, a variant of digital agriculture that aims to use the right inputs at the right
time, is presented as essenfial or s mal | hol der f armers i n West
productivity. '8 by minimizing decision errorSpecifically, all development actors believe that
offering farmers tailored agronomic advice and connecting them to inputs through digital tools would
propel efficiencies across different farming models.

However, the narratives also contemplate the ctisleortcomingsn achieving the needed
productivity change. The inability to prove the benefits of digital tools to farmers hinders their use
and potential application of agronomic advice. Likewise, any discussions of productivity must
include the abilityof smallholders tautili ze digital tools and create digital solutions that are sensitive
to the specific needs of the diversity of farmers in Africa. The power of digital tools to create such
efficiency impacts also depends on providing smallholders tbaauestructural and capacity

supports to appreciate and perform digital farming fully.

2.7.1.3DA will lead to food and nutritional security in Africa

Digital agriculture is also presented as a pathway to ensuring food and nutritional security in
SubSahaa Africaby producingmore food and increasinmeople's acceds healthy foods. Sub
Sahara has been the most fansecure region globally in the last decade. One approach where

organizations, foexample AGRA, find value in mitigating the situation the areais through digital

14 Esoko Digital Finance and Conteite r vi ces for Agriculture Markets: Lessofagaofgivem Esoko
content/uploads/2020/10/Escke-CommerceGhanaPilot-Project. pdf

15 Highlights From The West African Forum On Precision Agriculture:
https://www.apni.net/2020/06/29/highligitom the-westafrican-forum-on-precision-agriculture/
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technologies. The 2019 African Green Revolution Forum annual meeting was tlie€snew:
digital: Leveraging digital transf ofThathemen t o
and conversationthatensued during therogram underscore the anticipated role of digital

technologies in promoting food security in Afrigsdlso evident in this narrative is the impression that

Ai mproved access to health and nutritional I n
to the reduction in the prevalence of hunger amongst the $6d#® For example, Nutrition

programsd mobile-based delivery of food and nutrition information to househbés been used in

some part®f Ghana and Tanzania to promote food and nutritional behavioural ciaegesso

Barnett et al., 2019)

The ability of digitalzation to promote food security magve some merit, but such claims
could undermine the different experiences of food insecurity in Africa. The causes of food insecurity
on the continenarefar and wide, including poverty, climate change, wars, and policy failures.
Hence, claims of digiteation promoting food security, though partly true, appear reductionist and

may obscure some of tlaetualdrivers of the phenomenon.
2.7.1.4DA will facilitate Climate change/ environmental sustainability and resilience

Climate change resilience and @onmental sustainabilitgreanticipated effects of
digitalization in African agriculture. As the
Technol ogi remrEP!fokmaknopdgingd. &8 puts it; digitalization wouldi i mpr ov e
f ar mer s énakihg through aocorate, timely, and locatgpecific price, weather, and
agronomic data and information that will become increasingly important in the cohtdixhate
change. 0 L i k-drivensotutionstfon Africdi Dsing ssmart tools to combat climate
change?’ reports outline the many ways digitalization will respond to climate change, including
digital imaging tools delivering stregslerant maizdaster and for less, disease tracking and
response, bringing the data revolution to smallholder farmers, and making use of digitized genetic
diversity (p.3). Precisiotvased technologies like drones, satellite systé&insand mobile advisories

arecentra to the climate and environment narrative.

However, limited coverage of current precision interventions limits any meaningful

judgements of this claim. Also, while digital technologies could help smallholders and rural people

16 Leveraging Digital Transformation To Drive Sustainable Food Systems In Africa: 2019 Summit report

17 bata driven solutions for Africa Using smart tools to combat climate change:
https://repository.cimmyt.org/bitstream/handle/10883/20205/60822.pdf?sequence=1&isAllowed=y
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adapt to changing climateisdussions must be situated on the local challenges driving unsustainable

smallholder practices, such as declining soil fertility and traditional beliefs.
2.7.1.5DA will create employment opportunities and empower youth

With about 40 pemingcyeuthengagéd infadricultufBakbedimbirae &
Hathie, 2020)digitalization is expected to offdran opportuni ty for Afri ce
bulge'&ror Bookmark not defined., P.5 hacause "D4Ag solutions bring clear benefits, some of which are
particularly relevant to youtfor Bookmark not defined., P.114 The many youttbased projects, primarily
supported by some development agenahkewthe anticipations intersecting youth, agriculture, and
ICTs in Africa. For instance, The African Green Revolution Forum and partner oriamsza
estabihed Generation Africa to "strengthen the e
particularly for youth®P-3L Youth digital solution competitions like GoGettdandDisruptive
Agricultural Technology (DAT) Challenge and Conferefi@ee further testament to the anticipated

youth employment and empowerment effects of digital transformation in Africa.

However, countries may still face challenges attracting the youth into primary agriculture
without government support amtigagementy outh interest in agriculture may be rising, partly from
theapplication of technologies, but claims of development achoist not be detached from poor
internet accestelecommunication networks in much of rural Africa. Likewise, the low education due
to decades of inaction in rural areas may also ling@tbility of rural youth to avaithemselves athe

opportunities ofdigitalization.

2.7.1.6DA will facilitate gender and women empowerment in agriculture

With women being central to agriculture in Africa, digital technologies are anticipated to
empower women and help bridge gender gaps that characterize agricultureSattawa Africa. In a
recent piece by the Head of Gender and Inclusiveness at AGRA, she nofedthaat had pr e
been a growing but limited shift towards the use of digital tools and technologies for food production
and business has become a lifelim¢he face of market restrictions, food insecurity and lockdowns.
And among the biggest winners have been warfieBhe added that the pandemic had driven the
number of African women using digital services, including social media, to about 90%. Therefore,

digital agriculture has the potent i apportudtesé| ev

18 AGRF 2019Report _Compressed.pdf: https://agrf.org/docs/AGRF%202$rt%20_Compesed.pdf

BcoGettaz is an agripreneurship program that all ow Adgy inrowtiosanthr i ght e
p as s i o n-6https:Bvcdh.com/dogettaz/2020/

20 https://lwww.worldbank.org/en/events/2019/045ruptive agriculturattechnologychallengeand conference

21 Africa: How The Digital Revolution Can Help Level The Playing Field for African Women in Agriculture: https://agra.orgfrieasiaw-the-
digital-revolutioncanhelplevetthe playingfield-for-africanrwomenin-agriculture/
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for empowerment and inclusively. The sentiment in the piece is evident in the development
community, with AGRA and GSMA highly optimistic about th®gpects to help overcome some of
the gender barriers that limitomen'saccess to productive resources like markets, finance,

mechanization, and land.

Nonetheless, the ability of digital tools to empower women will depend on the specific local
context inAfrica. For most parts, gender gaps are culturally driven, and access to digital services
would likely be influenced by similar factors. Hence, the empowerment potential of digital tools must
be rooted in cultural conversations rather than treating bigiiés as given. Women's access to

mobile phones and education (ability to use phones) would be critical in any such discussion.
2.7.1.7DA will ensure rural livelihood improvements and resilience

The narratives have argued that digitalizatonld provde an impetus for rural livelihood
transformatio??. The increasing access to digital tools and information for the rural poor is viewed as
a step toward opening more livelihood opportunities, including improvements to rural finance
schemes through mobifmyment systef?. Likewise, targeted information could help rural people
make effective decisions to cope with economic and environmental changes that affect their
livelihoods while also allowing for diversification of rural economic activiigsr! Bookmark not
defined. Digitalization may become a pathwayrtosng rural incomes andedudng poverty by
opening opportunities with new services and access to inform&ioly examples of digital farmer
advisory services documented by the fADigital
inroadsin this regardHowever, such effects may vary acrosgions and classes in rural Africa. The
impact of digitalization on rural poverty could be uneven; hence, discussions need to be situated on
how such effects will affect different groups, such as women, peasants, illiterates, youth, and other

marginalizel classes.

2.8 Discussion: Digitalization as an (uncritical) emergent extension of the African Green
Revolution?

In agriculture, investments in digitalization could be a gaimenger in boosting productivity, profitability,

employment, resilience to ofiate change, and COViBpecific responses. A digitally enabled agricultural
transformation could help achieve meaningf ul i vel i hg
pastoralists. It could drive greater engagement in agriculture from wantkyouth and create employment

opportunities along the value chain. All this is driven by the fact that digitalization for agriculture has the potential

to enhance efficiency, inclusiveness, and risk reduction in a combinedWay

22 Digital Technologies in Agriculture and Rural Areas Reploitp://www.fao.org/eagriculture/news/readigital technologiesagricultureandrurak
areasreport

23 hitps://snv.org/assets/explore/download/Overview%200f%20D4Ag%20Sector.pdf
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The extract abovencapsulates the anticipated impacts of digitalization revealed in the results.
Development stakeholders, irrespective of their area, focus on how digitalization could solve some of
the challenges in their ar easdgedap,iackbfaccesstdo , s u
finance, | ack of acces JGSMAssatmtiork 2020x, paldpdd c | i mat
insecurity, and empowerment of wom&ueto these agencieshange and impact focus, the
documents revieweshowcommonalitiegrimarily in outlook rather than conversations around
diverse effects or local politic&lconomic consideration§hus, development agencies are convinced
that"Nowhere & the potential of disruptive technologies [including digitalization] in agriculture more
promising than in Su$ a h ar a n " &imretiakt, 2020)In fact didital, datadriven and tech
enabled solutionsod are thought dutonforafriea"t he ab

Thus, the potential effects of digitalization, as presented in the narratives, extend and entrench
the prepoor Green Revolution rhetoric of "technology saviourism™ in-Sabara, which has earlier
resulted inmechanization, biotechnology, hybrid seedsiisgtic fertilizers, and later ICTs promoted
to overcome these | ongstanding challenges und
(Dawson et al., 2016; NiRratt & McBride, 2014; Vercillo et al., 26). This technocratic outlook by
agencies is also evident in thastliterature on ICTs and emerging scholarship on digitalization in
Africa. Hence, digitalization in Africa continues the path of the Green Revolution for Africa, at least
in rhetoric. Fbwever, the potential for digitalization to entrench green revolution outcomes is still
debated in the literature. Weersink et(2018)suggest that DA is fundamentally differéram the
Green Revolution in that at some poibwill allow for themanagement of individual plants/animals
in near reakime. Hence, Weersink argues that DA and GR are fundamentally different types of
technology in that one scales up and out (GR) while the other (DA) scales down &ydciontrast,

Clapp and Ruder (2020) argue that power, moagg, politics man that the same dynamics will

play out with the DA revolutioras did the Green Revolutiotn the absence of a different policy
regime, they think that the negatives of the GR are bound to repeat themselves. Understanding the
narratives of digitalizatio could help extend these debaeslprovide inroads to engaging and

perhaps resolving them
2.8.1 Who and what drives agricultural digitalization and narratives?

The neoliberal incursions into the food system and poligcahomic perspectives offer a
starting point to unpack the drivers of ty@imistic technocrigc effects surrounding digitalization.

The narratives' technological saviorism exhibits-fieeralization traits that have engulfed afpod

24 https://lwww.afdb.org/fr/newandevents/presseleases/africaagriculturevalue-chainsmustgo-digital-transformproductionwebinar36461

54



systems in the last three deca@@ssch, 2010; Carolan, 2018; Moseley et al., 20Fsur emerging
features direct to this conclusion: 1) The limited engag# of governments ithhe African digital
agriculture space) allows for enthusiastic interest from multinational corporations, donors, and
philanthropies who take lead roles, financially and technically, to 3) support plethora of private
technology sefices providers and new actors to emerge in thefagd system. Thereby 4)

integrating smallholders into neoliberal market structures through digital platforms and services.

As the World Banknotedit he key i nst it uSaharamAdricared amixefst or
venture capital and development partners and include the International Finance Corporation (IFC),
the Meltwater Foundation, Ahl venture partners, the Global System for Mobile communications
Association (GSMA), and the US Agency for InternatibDevelopmerit (Kim et al., 2020, p. 23)Thus,
digital technologies are predominately dominated by private and corporateaaataggibusinesses,
this). For example, in 2019, Google established the first Al lab in Ghana, with agriculture analytics a
central piece ofheir work?®Mi cr osoft cooperation has al so enf
Farmbeats in Kenya. Likewise, Chineseanmerce giant Alibaba is noted as one of the big players
to look out for in Africa’'s digital agriculture ecosysteandso are IBM andlohn Deere International
(CTA, 2019). These entities extensivel-egvidenthape
truths®é of their neoliberal values that pr omi
rural people. Hence, thamergence of these positigpin themes is not surprising because
development agencies and agribusinesses have worked in these areas (e.g., food security, women
empowerment, livelihood resilience, etc.) with support from donors for decades, carryingnéhe sa
rhetoric of transformations and continually are likely to appropriate innovations in ways that further
their interests and activities around the issue arkBse importantly, these issue areas appeal to aid
and donors in African development and poyeeduction.Thus, as with the older GR rhetoric, the
romanticized framing of digitalization @so-poor allows it to gain legitimacy in the development
circles(Ilgnatova, 2017)And with legitimacy comes entrenchment of the activities and interests of

influentid international and local proponent organizations that drive such activities in Africa.

Also, the digitalization of agriculture sits well within older dowlsiven (e.g. World Bank)
national digital economy interventions in Afrigee African Union Commission & OECD, 2021;
Azu et al., 2021; Korovkin, 2019For most parts, these initiatives, such as the World Bank

supported African Digital Economy Initiative, moved to digitally enable people to easgessd

services (World Bank, 2021) and allow governments to generate revBiyitization of

25 hitps://mww.cnn.com/2019/04/14/africa/googiecenteraccraintl/index.html
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agriculture sits within such initiatives, showing more similarities than differences to such efforts. For
instance, Bill Gates, a lead sponsor of the African Digital Thinking Initiative, expressed that, like
other sectors, digitalizatiom mi g ht athesgap bétweendhg éormal systems of commercial
agriculture and urban food markets, and the informal systems surrounding smallholders and rural
trade® P9,

Agricultural digitalization follows plans to formalize smallholders like earlier digital
interventions in financeThe creation of digital identities ftne smallholder, mostly the first step to
digitalization, could be viewed as an avenue to bringobueach smallholders into formal systems
thereby increasing their access to services. Suchtidsrdre presented as pathways to bringing
support to smallholders, but they could also be leverageagbe in futureas revenue engines.
However, the private drive of agricultural digitalizatithrus far also makes this new strand of digital
economy diferent from the older efforts because the goal of such entitiesirgynto makea profit
through competitive service provision rather than purely taxation purposes. Nonetheless, putting
private actors at the centre of digitalization furthers the dedirural agricultural finance and
government disinvestment shapedthgshifting interest otrucialactors(Odusola, 2021)Such
disinvestments put smallholders at the mercies of agribusinesseking in African statésleclining

roles in providingoublic goods.

2.8.2 Two political-economy areas to start critical conversations?

While thetransformations optimism and saviorism in the narratives are valid, to some extent,
as Scoones and Thompg@011, p. 14prgue such technological interventiongarnsustainable
fiwithout addressing the politics of innovatiband with it, the interests, values and choices that
drive agricul tural t ec hrEdwbegeyuchrogtimistiayetctited and de
narrativessurroundinghedigitalization ofagriculturehave birthed a young but growing body of
scholarship on the potential social implications of digital technoloegiast primariy focused on the
urgency to explore thmore significanpolitical, economic, ecological, and material motivations and
interests that shape technologicaémentions, including digital agriculturelence, | draw on this
scholarship to open discussions in two areas for potential peocedomy considerations of

digitalization in African agriculture.

26 hitps://www.fao.org/fileadmin/templates/FCIT/PDF/FoodAgriCities_Oct2011.pdf
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First, it isessentiato question the power dynamics tihaay emanate from digitalization in
agriculture. As already mentioned, agricultural digitalization in Africa is driven by private entities
(see Birner et 812021) with support from external actors. While the narratives position these
neoliberal incursionpositivelyd as opportunities for investmehid critical questions on their
impacts on smallholders and rural economies' survival must be asked. As corporate emities tak
lead in app creation and knowledge generation, the digital space may impose external kntvatedge
could potentially threatelocal knowledge structures atite power they engender. As earlier
technologies (seeds, agthemicals) have shown, a lack of critical examination could entrench
corporations' power and expose smallholders to the rigours of the neoliberal market system
(Amanor, 2009; Moseley et al., 2015)ence, marketriented digitalization, as evident now, could
deepe t he neol i ber al mar kets induced agrarian ¢
actors for knowledge and resources expand. Hence, it is critical to ask questionstba how
digitalization of agriculture will reshape knowledgédefined powestructures in rural smallholder

systems.

Secondly, digitalization may also raise concebsutthe potential for class (re)structuring
associated with technology diffusiots Bernstein(2010)noted about class formation, introducing
new resources (e.g. inputs) into agrarian systemsnsariy influenced by the power of access
regardingrights of ownership, distriliion, utilization and control. Hence sawith earlier GR
technological diffusion, uneven impacts of DA on farming models, rural/urban areas, cropping
systems and genders groups would potenti.al |y
The adption, scaling, and sustainability of services in the regrestill limited by many barriers,
of the problem emanates from seeiconomic, political, institutional, and cultural barriers that limit
certain groups' ability to benefit from technologies (Juma, 2088).instancethe GSMA(2019)
estimates that SuSahara African women are 15% less likely to use mobile phones than men and
41% less access to and use mobile internet. With mobile phones and the internet at the centre of the
digital transformation in Africanequalities in accegg.g., across geographies and genders) would
undermine the anticipated impadfgithout sensitivities to class differences in rural Africa in the
design and implementation of digitalization, benefits risk being exclusionary, a concern already
manifesting m this innovation spacé&or examplealthough women make up nearly 50% of
agricultural producers in StfBahara Africa, early statistics show they constitute only about 25% of
the user base of digital solutions in Africa (CTA, 20M)th thehigh cost and uneven access,
digitalization could entrench older classes and add newer classes as people with access enjoy certain

exclusionary benefits. The uneven access to technologies, services, and connectivity necessary for
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inclusive future of digalization in Africa may create unfair disadvantagessfoecificgroups and

open class differentiation spaces for some farmer groups.

2.8.3ThreePractical Considerations forthe Success of DA in Africa

Despite the strong emphasis on prospects and@ated benefits, the narratives also clarify
that some practical considerations are needed to facilitate the digitalization prboess.
considerations, when carefully enacted, could help address the p@daabmic challenges of early

digitalization.

First, the digital divide inequitable access to digitalizatiomust be bridged for
digitalization in SubSahara Africato thrivel h A fit i can Agri cul t209e Pr ogr
emphasized connectivity and the digital divide as one of the three constraints to the continent's digital
agriculture futureMany organizations in the digital agriculture ecosyssmare the document's
rhetorig includingThe Digitalisation in African Adculture Report 2018201 gort Bookmark not
defined. For example, of the 25 worsbnnected nations globally, 20 are in Africa, where only about
22 percent of householdstimese regions have access to the intéinetith scarcity partly
accounting for high pric&ger Bookmark notdefined. - \Wjith such barriers to access, digitalization could
disproportionally affect different classes, with the rural population, woaretandless poor likely
to be excluded. Hence, efforts ta@inase access tdhergroups would be needed to ensure equity of
impacts. Bridging the digital divide could make #féects anticipatethclusive to disadvantage
classesHowever, some progress is being made: "éTo
Internet cables run across the oceans' floors, but just 20 years ago, Africa was completely
disconnected"83° There is a huge potential to leverage the growing internet and the ubiquity of
mobile phone penetration mentioned earlier to develop dgptations to reduce the digital divide

and ensure digitalization does not create undesirable clagsicéuring.

Secondly, the adoption, scalabilipnd sustainability of digital solutior@ecritical to the
success of agricultural digitalization irfriea andto making nclusiveimpacts In this case, scalable
describes the ability of solutions to expand their reach and serve a broader clientele, while
sustainability is how services can maintain operations on atesngbasis. Despite the high
penetation of digital agriculture in the last decades, the sector is still primarily driven by isolated
donorsupported solutions that become hard to sustain after project funds run out. Part of the issue is
attributabl e to chal llirgmegsdosadoptiand pdy foradigitalisolugéns a r me
after donorsupport subsidizations run out. As the CTA reposrdile D4Ag's reach figures are

impressive given the relative nascence of the space, use remaiR&gigpkmark not defined, p20. | ocg|
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political-economic factors are at the centre of the adoption and scalability challEogexample,

poor network, limited phone usage, illiteraepdpoverty, coupled with skepticism of innovations
continue to underminthe adoption and use of digital tools among many rural smallho(&#nsre et

al., 2017; Kim et al., 2020Hence, tackling this would require addressing local poligcainomic

factors that undermine sufficient proliferation. Specifically, governments and private actors must
work together to provide rural educatiandcreate opportunities to improve livelihood activities.

Such efforts would go a long way ¢oeatng classes of people ready to take advantage of

digitalization.

Thirdly, and more importantly, an enabling environment that provides the foundation on which
digital agriculture will thrive in Africa mus

Digitalization in Africa report comprehensively describes the essence of this practical consideration:

"The speed and effectiveness at which an agri@llsystem transforms to become more datel
technologydriven is largely dependent on an enabling institutional environment that allows and encourages
data and information to be managed, used, shared and exchanged effectively, equitably and fairly. This
environment spans governments, farmers' associations, financial and research institutions, and training
centers, policies, regulatory frameworks as well as information and communieaiatesl infrastructure.
Crucially, enabling policies are requirechtrallow, and in fact, catalyze investment in the backbone

infrastructure that will permit rural populations to overcome their geographic, social and economic
iSOlatiOI']'Error! Bookmark not defined, p.25.

The extract alludes that the enabling environment is needed to cushion the digitalization
agenda across scales while maxing the impacts on rural classes. Identifying the current
constraints to enabling digital solutiongfipy regulations necessary for digitalization, and structural
changes needed for successful digital agricultural solutions is crucial for targetingdigitat,
solutions and services may find it difficult to sustain operations without an enablingreneirbin
policies, infrastructure, capabilities, and business culture. At the saméaimers also struggle to
availthemselves o$ervices.

The three practical considerations highlightethe narratives show that the anticipation of
crosscutting benefits which the narratives are heavydare not given. Achieving the fytlotential
of digitalization andminimizing the politicaleconomic challenges would require further measures to

overcomebarriers currently evident in the region.

2.10Conclusions andways Forward

While digital technologies may transfouirican agricultural and rurareasintroducing
these novel innovations entails challenges, limitationsyiaksl Hence through paiical-economic
perspectives, | argue that though the narratives are justifiably optimistic, they uncritically entrench
and extend the pillars of the earlier Green Revolution efforts to transform and modernize

smallholders without consideririge potentialpower and class fstructuring. Yetdigitalization's
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full potential would be unattainable without cargéfudonsideringhe politicateconomic

implications. Digital agriculture in Africa is at a nascent stage, but it opens a research space in
desperat@eed of critical engagements that explore the dynamics between these novel digital tools
and African societal elements, such as smallholder systems, farming life, rural structures, livelihoods,
power relations, and economic conditio@sly through such atsiderations can wenequivocally

understand thactualeffects of digitalization in the region.

Also, creating an inclusivenabling environment is critical to reaping digitalization benefits
while minimizing the potential risk and inequality conceihile governments are just beginning to
realize the potential for digital agriculture and following that with efforts, their role in the digital
transition is almost neexistent(Kim et al., 2020) Without the needed policy and regulations,
connectivity infrastructue, and supporting infrastructgrigke transportation, the potential unequal
consequences on underserved groups, such as women,aralriiral smallholderscannot be
minimized. Suclanenabling environment would also help the private sector fully tdkardage of
the emerging opportunitiesikewise, it could reduce the current fragmentation and limited
scalabilityandsustainability in the industry characterized by infant sipg whose desperation to
survive make them susceptible to corporate comindl halfbaked solutions insensitive to user
needs. Smallholders, who form maédtican farmers must be actively centred on creating the

enabling environment and the solutions and services across the scale.
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3.0lIs agricultural digitization a reality among smallholder farmers in Africa? Unpacking
farmers' engagement in rural Ghana

3.1 Prefaceto Chapter Three

This chapter, a standalone manuscrgudidresses Objecti@by presentingmpirical
insightson how rural farmergngagewith digitalization in Ghanaln Chapter Twol highlighted the
narratives of development acgpmwho | argue are the mauirivers of agricultural digitalization in
Africa. My politicateconomic analysis of the narratives resulted in my call for critical attention to
structural issuesissociated with digitalization. To attain this goal, | further emphasized the need to
undersanddigitalization dynamicst the local level to provida foundation assessment for political
economic considerationklence, this paper answers Chaplevo's callby exploring the digital tools

and serviceslifferentfarmersare likely to access and eagewithin their contextual realities.

With a focus on digitalization withitmerural African context, Chapter Thresmmpiricaly
assesssthe nature of smallholder digitalization and how farmers engage with the phenomenon. The
Chapter provids a practical assessment of what digitalization is like for rural farmers and how
farmers interact with the phenomemihirough their serviced used he empirical dataf 1565
smallholder farmers surveys in Northern Ghdoaskif digitalizationwasa reality among rural
farmers To answer this question, | propose a simple framev@riknderstanding smallholder
engagement with digitalizatidoy assessing how farmers I) use digital tools and Il) how farmers

participate in available digital services

The results presented in this chapter revéladg farmers' use of digital tools asgnicesis
limited. Despite the hype and relatively positive perceptions about digitalization services, many
farmers are not engaged with the phenomeRanmers' engagement with digital services is limited
as the results sholew participationandcontinuous use of servigestiveness of usageéyotally,
farmers turn to discontinue usage of digital servieen freeor discounted offeringby
development NGCOslapse(Hidrobo et al., 2021; Palloni et al., 2018)ikewise, The resuls show
thatfarmerscannotfully participate in digitalization due to tlrelimited competencietow
education digital illiteracies,and lack of access tssentialligital resources. Hence, scaling or
sustaining digital services for long periodsaislaunting task within the smallholder syst@meana
et al., 2020; Kim et al., 2020)
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Ultimately, the paper concludes that digitalization in its broadest sens&ta current
reality; instead thetransformative digitalization promoted lkgy organizations is distant goal
within African smallholder systenasieto existingweak foundationgdence, it is critical to
circumventur expectationsegardingsmallholder digitalization's supposétansformativeness
and disruptivenesdotably, the chapter calls foconsideation ofthe contextual realities of

digitalization within diverse contextelatedto local sociepolitical-economicstructures
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3.2 Abstract

Despitethe transformationahnticipations on agricultural digitalization in Africa,
smallholdersengagement with digitalizatias undeexplored We surveyed 1,565 rural farmers in
Northern Ghana to explore how farmers interact with digital tools and services. Despite the growing
array of digital opportunities, smallholder farmers areinia confined to simpldevices (mobile
phones, radio and T\§sinternet accessemains lowNGOs and privatesector projectprovide
farmers access to digital servicdslivered througlfsMS, IVR, radio, ofield agents However,
participationremairs unimpressive andften fade when projects endqLow)Participation is affected
by the weak builing blocks ewentin a lack ofdigital competencies an@nited access toesources
Thus, fultscaledigitalization remains a distant ggadnd transformation claims are disconnected
from smallholderdlived realitesHowever , opportunities exist to
smal | hol der s 0 thedractural iinstatisns, mdudingiloviteracl andlimited access

to digital tools

Keywords: Digitalization; rural; smallholders; digital services; digital agriculture; Africa

3.3Introduction

Digitalization of agriculture is a growing phenomenon worldwide and among diverse scales
of farmers(Duncan et al., 2021)n SubSaharan Africa,idgi t al i zati on i s procl
changer o pathway to tr ansf oAgygekumheneetd. @018;f ar mer
Atanga, 202; Etwire et al., 2017)Hence, rural farmers across the region are being inundated with
digital tools and services, including mobédeabled advisories, precision agriculture services, and big
dataenabled serviceKim et al., 2020; Tsan et al., 201® the end of 2019, there were about 390
digital agricultural solution§products and serves that use digitalystems to aid any form of
farmingactivitieg in Africa (Tsan et al., 2019and over 437 tracked ltlge GSMA AgriTech by
January 202QGSMAssociation, 2020aMeanwhile, the ubiquity of mobile phones and growing
access to the internet in S&aharan Africa continue to create opportunities for farteeengage
with digital services. Mobile subscriptions in Africa reached 477 million (about 45% of the
population) in 2019, rising from 37 million in 2015. And the reach is expected to cover half a billion
in 2021 or 50% penetration by 2025. Likewise, gptawne adoption reached 50% of total
connections in 202(0GSM Association, 2020bY his access to digital technologies across the

continent lends itself to growing digital opportunities for farmafghough we have evidence of
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mobile and internet technologies penetrating rural Africa, amid farmers' use of digital sSEB8d¢s
Association, 2020bTsan et al., 200)9the full extent of digital penetration and engagements,

specifically regarding food and farming is unknown.

This paper offers insight into rurirmers' experiences and attitudes toward digital tools and
services in Ghan&pecifically, we ask the following questiéhk) what are the characteristics of
farmers who use digital agricultural servicedNiorthern Ghana 2) how dothesefarmers interet
with digital agricultural services? 8hat digital hardware/toolarethe smallholder farmerssing?

4) what are the characteristics of the farmers who use these 5dis® dosmallholderfarmers
perceivedigitalization in GhanaThrough thesguestionswe show that farmer engagements with
digitalization are minimal and driven mainly by NGOs rather than the deliberate drive of farmers.
Our research sheds light on the realities of farmers' interactions with digital tools and setvickes,
will allow policymakers to situate digitalization discourses and interventions within the context of
smallholders. In what follows, we first provide a background to the digitalization of agriculture in
Africa. The following section then describes study context and survey method. The results
highlight how farmers use digital tools and interact with servicesdiBreission then describes
digitalization asa nascent yet distant phenomenon in-Saharan Africa. The conclusion reflects on
the result§ and calls for the sensitivity of digitalization efforts to the realities of rural farmers and

African people.

3.4Background

3.4.1Digitalization for agriculture in Africa

Digitalization of agriculture encompassasplyingdigital tools and systems &od agriculture
practices and process@uncan et al., 2021; Green et al., 2021; Tsan et al., 20h8)increasing
availability of mobile phones, the internetbdsemerging technologies such as big data analytics,
blockchain, drones, satellite imagery, Al, machine learning, and remote sensing mean that new tools
are being integrated into farming systef@srgvinson, 2017; Wolfert et al., 2017 practice, hese
innovationsare applied directly to farm production systems (for example, thefusenes for
spraying chemicals) or leveraged to create services to solve farming challenges (for example,
blockchaindriven traceability solutions or mobile weather advisoriP€utsche Gesellschaft fur
Internationale Zsammenarbeit et al., 2021}his work thus uses digitalization, digital services, and
digital solutions to refer to the broad spectrum of direct and indirect applications of any form of

digital technology (hardware, software, or data) to agricultucadgsses across scales.
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In smallholder systems in Africa, digitalization manifests in farmers' access and use of the
various digital hardware/tool, software and services for farming activities. Digitalization may include
direct or indirect use dfimple dgital devicege.g., phones, computers, radios, tablets, ate)more
advanced digital hardwarg@rone, satellite/GIS, field sensors, machinery sensors, portable soil/crop/
input diagnostics precision systems). It also includes leveraging the simple and more advanced digital
hardwareand software (e.g., data capture tools, field agent managemksnidata analytics tools,
andblockchain platformp Likewise,it involves usingdata (e.g., farmer registries, farmer
transactions, soil maps, weather, pest & disease surveillance) to create solutions/services that enhanc
agri-food processegBabcock, 2015; Deutsche Gesellschatft fur Internationale Zusammenarbeit et al.,
2021; GSM Association, 2020a; Tsan et al., 20T8g services and solutions anainly in two
areasinformation or advisorieandconnection/linkages to resourc@sput and outputs) (see Figure
3.1).

A
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eng:

|
Access andlirect use of
digital hardware/tools

Interactions With digital
agricultural services

Simple digital Advanced digital Inforl”élz;tlon and i iervg:es that
tool hardware al wspry Ink and connect
services to resources
DA Software Price information Market
Mobile Drones, Climate and access
phones f0b0t_ICS, weather advisory Mechanisatio
Radio satellite/GIS, Data capture tools Agronomic/livesto n linkages
Computers field sensors, field agent ck management Digital
Tablets machinery sensors management tools Farm management marketplace
etc. portable soil/crop/ data analytics software Traceability
input diagnostics tools, blockchain Precision advisory solutions
etc. platforms etc. Financial

etc

Provision ancconsumption of services using tools and hardw,

services
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Figure 3.1 Framework for farmers' engagement withdigitalization in smallholder systems
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From Figure3.1, the mechanisms for farmers' engagement with digitalization may be
extensive anéxpansive. ie penetration and growth of these services vary from-Ergle
coverage, such as Ethiopia 101 call center with over a million users, to isolated pilot projects
implemented in a few communities within countries. And the trend is only expgeaeow as
access to the interneind mobile technologies continue to deveglBi®M Association, 2020apur
interest is in understanding the type of digital tools diverse farmers access/use and how they interact
with the services offered in the digital spaéesviaus research revealed that mobile phosage
remains one of the commast forms of smallholders' engagement in the digitad However, the
exact ways farmers use their phones in farming activities are netimggkstood. Likewise, while
we know the eistence of various digital agricultural services, little is known about the specific ways
farmers use and interact with such services when provided with the opportunity. Thus, it is also
critical to understand the true extent of engagement, what thelyavgehey use them and why they
use different tools and services. Hence, we exgloler mer s access andsase
foundation for smallholder digitalization and how they broaalflgract with digital agriculture

services

3.5ResearchSetting and Methods

This study is situated in the Northern Savannah of Ghana. Ghana lies within latitude 40 44'N
and 110 11'N and 30 11'W and 1o 11'E longitude. Covering approximately 238,50BHana is
bordered by La Cote D'lvoire to the west, Togehte east, and extends inland from the southern
coast along the Gulf of Guinea to the border of Burkino Hase.to the agricultural potential in the
area, the region has been the center of agricultural and rural reg&adcitai et al., 2017; A.

Abdulai & Huffman, 2000; Kansanga et al., 2018; Nyamekye et al., 2018; Nyaikakypong,

2014; Vercillo et al., 2015} ikewise,Northern Ghana has been a testing ground for digital
agriculture starups and service providers in recent ydaee Etwire et al., 2017; Hidrobo et al.,
2021, 2021; Nikoi et al., 2014} is impossible to state the proliferation of these technologies in the
area because of the weakvgrnment data collection system, highly informal agriculture sector, and

the newness of innovations.

Given these lintations, we designed this survey specifically to explore issues of penetration
and engagement in the ardamulti-stage sampling technig was applied to recruit survey
participants, following earlier studies in the study area (Kansanga et al., 2018; Nyntadpong

& Bezner Kerr, 2015). We first selected the Northern Region (the most developed of the five regions)
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due to the area's k&paracteristics outlined earlier and the concentration of digital service providers.
We then conducted preliminary research to ascertain districts and communities with digital service
experiences. Four districts (Savelugu Municipality, Kumbungu Disiemtong District, and

Sagnarigu District) were selected based on the concentration of services, NGO activities, proximity
to the capital, and history of service provision. In each district, communities with past or current

digital services were randomlglected for the survey.

NORTHERN REGION

Savelugu
Regional boundaries
e District boundaries
10
ALY Nantong 1 Voggu 15 Saandu
e - *15 2 Shedua 16 Kpano
13¢% 4 16 3 Gingani 17 Nanong‘
o, *et7 4 Gbullung 18 Kpunduli
* & 2 Weogetd 5 Zugu Dabogni 19 Zieng
o 5 ol 6 Satani 20 Dingoni
eegq 2 7 Kuldaanali 21 Jana
Sagnarigu 8 Kpalung Yapalsi 22 Gburimah
Tamale 9 Koduhizegu 23 Dungu
Tamale 10 Nakpanzoo 24 Damankungyili
11 Tibali 25 Yong Duuni
12 Libiga 26 Dimale
13 Zaazi 27 Nyaring
0. . . 20 km 14 Kanshegu

Figure 3.2 Map of study communities

Within communities, e dataverecollected digitally with the help of trained research
enumerators. The survey was danted with a structured questionnaire (Sepplement 1),
capturing farmer characteristics, experiences, and perceptions. Each data collector was assigned to
specific canmunities and distributed to sections in the selected areas on the survey days. The survey
participants were randomly chosen at their homes based on availability at the time of data collection
and a set pattern of the third household, with the househatts iieing the primary target. In the
absence of the head, other senior household members were surveyed. Generally, the survey included

1565 farmers of diverse soeszonomic and farming characteristics (see details in Tab)e
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Table 3.1 Household aml farm-level characteristics of participants

Variable (n=1569 Mean Standard Deviation
Age 38.88 12.98
Household Size 15.06 8.69
Farm Sizgin acres) 581 591
Duration in Farmindin years) 16.61 13.44
Variable Options Frequency Percentage%
Gender Female 617 39.42
Male 948 60.58
1524 121 7.73
Age 2540 891 56.93
41-60 440 28.12
60+ 113 7.22
No education 1080 69.01
Level of Basic education (incomplete] 243 15.53
education Basic education (complete) 106 6.77
High school 104 6.65
Certificates/vocational 12 0.77
Higher education 20 1.28
Community lands 148 9.45
Family Land 386 24.65
Family property (Livestock) 310 19.80
Farm Own. privat(_a land 311 19.86
Ownership Own private (livestock) 402 25.67
Rented land 3 0.19
Caretaking for someone
(Livestock) 4 0.26
Others 1 0.13
Livestock only 2 0.13
_ Mixed cropping (more than 575 36.74
Farming one crop)
system Mixed farming (both crop and 905 5783
livestock/fishing) '
Monocropping (just onerop) 83 5.30
Only feedmg the family 474 30.29
Farming (subsistence) _
Only For sale (commercial) 14 0.89
model .
Part for family and part for
. ) 1077 68.82
sales (Semtommercial)
>GHC 1000 1090 69.65
GHC 10012000 248 15.85
GHC 20013000 108 6.90
GHC 30014000 62 3.96
Income GHC 40015000 30 1.92
In GHCZ GHC 50016000 11 0.70
GHC 60017000 5 0.32
GHC 70018000 5 0.32
GHC 80019000 2 0.13
GHC 900110000 0 0
GHC 10000+ 4 0.26
Business Fulltime 1085 69.33
status Parttime 480 30.67
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Membership No 511 32.65

of association Yes 104 67.35
Access to No 479 30.61
extension Yes 1086 69.39

Generally, respondents had a diverse range of mmoomic and farming characteristics.
There were more male (60.58%) respondents than females (39.42%). The average age of respondent
and duration in agriculture was 38.88 years and 16.61 years, respediive average household
size was 15.06 people, ambstrespondents (69.01%) had no education. Roughly 57.83% practiced
mixed farming (with crop and animal productions), and 68.82% indicated operating semi
commercially. About 67.35% an®@89%0 indicatedbeing a part of some farming association and

having access to extension/veterinary serviaspectively

For analysisgdata wereexported into Excel and SPSS. The two programs were used to
analyze the data using various descriptive statistics (couatmsmpercentages) and-shuare
analysis which was used to determindether is existedignificant variations in participation in
digital services, activeness of participatiperceptions about services, willingness to join services
andvarious sociedemographic chacteristics, including age, gendelyration in farming,

membership in associations and access to extension services

3.6 Results andFindings
As stated in the background section, digitalization encompasses the use of digital tools and
servicesThe resultpresent how farmers engage with digital tools and serpiegbe questions

outlined in the introduction.

3.6.1What are the characteristi of farmers who usédigital agricultural services inNorthern

Ghana?

We measured farméngarticipationthrough a survey question time history of engagement
with digital servicesParticipation in services refed to whether farmers ti@ver been regiered
and received any formf agricultural digitalization services available in the afea. participation,
70.22% of the respondents had participated in digital serRegcipation in our selected
communities was limited to mobile climate and agronomic advisory services, radio activities,
veterinary services, market connections, and iedlase of social media (WhatsAp@®enderage
household sizeduration in farminghouseholdand farmsize level of educationcommercial statys
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farming modelsincome association membershignd access to extension services were significantly
relatel to participation in digital serviceSpecifically, participation was highest among males (73%);
farmers aged 280 years (75%); farmers with basic education (78.60%); practiced mixed farming
(89.1%); practiced subsistence (80.4%); earned between GHZE009100.00%); fulltime farmers
(72%); farmers associated with groups (89.2%); and who had access to extension services (86.4%)
(seeTable 3.2and AppendiA).

Table 3.2Chi-sqaure for farmers participation in digital services

Variable (n=1565) X2 p Cramers V
Gender 8.837 0.003* 0.075
Age 28.514 <0.00F* 0.097
Duration in Farming 32.531 <0.00%* 0.135
Householdsize 32.531 <0.001* 0.111
Farm Size 72.779 <.001** 0.216
Level of education 20.617 <0.00%* 0.115
Farming system 365.501 <0.00x* 0.483
Commercial status 33.556 <0.001* 0.146
Income 80.013 <0.00F* 0.226
Business status 5.228 0.026* 5.228
Membership of association 554.977 <0.00F* 0.595
Access to extension/Vert services 442.488 <0.00F* 0.532
Phone ownership 0.929 0.335 0.024

Chi2 tests indicate differences are statistically significat95% wherp<0.05

The retention and activenesifarmersd which describes whether a farnveith
participationwas actively engaged with the digital service at the time ofetbearclor had received
service in thdastyea® is alsocritical in understandingngagemenRetention and activeness
necessarypecause farmers are sometimes blind beneficiaries without actively using services. Digital
services' retention arattiveness were predominantly low: Only 31.6% of participating farmers
were active or engaged with the digital services in the last year. Retention and activeness varied by

farming systems and income from farming (Table&h8 AppendiX).
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Table 3.3Chi-square for farmers retention andactiveness

Variable (n=1099 X2 p Cramers V
Gender 0.761 0.383 0.026
Age 3.448 0.328 0.056
Duration in Farming 0.338 0.845 0.18
Householdsize 4.854 0.183 0.066
Farm Size 1.086 0.896 0.031
Level ofeducation 8.492 0.131 0.088
Farming system 22.948 <0.001* 0.145
Commercial status 0.779 0.678 0.027
Income 22.384 0.02* 0.143
Business status 0.052 0.820 0.007
Membership of association 2.069 0.150 0.043
Access to extension/Vert service! 1.147 0.284 0.032
Phone ownership 0.001 0.980 0.001

Chi2 tests indicate differences are statistically significant at 95% when p<0.05

Considering that this research covered projects actively implemeateidtjpationis
expected to be lower when orilyosebeyond their implementation period are considered. Many
reasons accounted for the low retention of farmersted abilities of farners to engage
independently without suppothe shortlife span of projects that enroll farmers in digitalization,
lack of (financial) sustainability mechanisms for projects after completion, and farmers' lack of
understanding of projects at initiation or registratidlso, when NGOs or service providers offer
digital solutions, they mostly do so for free or at a discoupted making farmers used to such

servicesHence, farmers discontinue usage after services begin to charge fees.

3.6.2How do farmers interact with digital agricultural services?

Most farmers who participated in the services did so primarily by thehiament in NGO
projects rather than personal interest in solutions. For example, 21.9% of respondents indicated
participating because they were a part of a project that offered the service. Other reasons for
participation included being convinced by pe&2.9%) or agents (4.7%) and just trying something
new. NGOs implemented digital services to improve farmers' livelihoods, which offered
opportunities for farmers to engage. However, farmers who had never participated in digitalization
failed to do so deito i)low competenciesi) high cost of services,i)ipoor network in their
communities, V) lack of interest in trying anything new, v) skepticism surrounding service providers,

Vi) non-participation in community group activities and yabsence ahe time of registration.

Farmers who participated with digital services did so through phone calls, agents, radio, and

peers because those mediums required limited skills, unlike social media, SMS, IVR, and phone
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apps. Phone calls (95.75%), followed bgd agents (87.44%), peer farmers (87.94%), radio
(40.55%), and social media (1.2%), werehienary forms of interactions with digital services. The
phone calls involved farmers receiving calls from service providers/agents or placing calls to seek
support. The field agents involved service providers using agents, who usually visit communities to
interact with farmers. The use of peer farmers, or what we describe as theggysmt model,”

involved farmers communicating with service providers throegh farmers in their communities.
Service providers used the popdrson model to extend their reach. For many farmers, the
interaction with digital services was neledsed and when service providers offered information.
Meanwhile, only 12.12% always ubeervices or information when offered, while 87.52%
sometimes did so. Hence, utilization of digital information and services was still linyiledv

literacy (69.01% had no educatjsee Bble 3.), and consequent inability to read SMS, follow

IVRs oruse tle internet independent(geeTable 3.5)

The primary source of information and knowledge about services was NGOs operating within
the study area (27.70%), relatives and peers (24.89%), community events (24.25%), and outreach by
service providers @.44%). NGOs and the private sector played a vital role in the digitalization space
by implementing projectas part of prepoor initiatives whi ch f or med t he basi
experiences. These organizations integrated digital services in partnershggmwite providers to
make agricultural information and knowledge accessible while offering solutions that link farmers to

resources, including mechanization, veterinary vaccines, and markets.

Table 3.4 Chisquare for awareness aboutigital services

Vari able (n=1565) X? p Cramers V
Gender 0.935 0.334 0.024
Age 24.849 <.001* 0.126
Duration in Farming 5.751 0.056 0.061
Householdsize 13.988 0.003* 0.095
Farm Size 28.662 <.00F* 0.135
Level of education 18.307 0.003* 0.108
Farming system 219.903 <0.002* 0.375
Commercial status 19.383 <0.00F* 0.111
Income 42.055 <0.00%* 0.164
Business status 21.290 <0.00%* 0.117
Membership of association 354.969 <0.002* 0.467
Access to extension/Vert service! 335.550 <0.00F* 0.463

Chi2 tests indicate differences are statistically significant at 95% when p<0.05

Awarenes®f the ongoing digitalization effortsneasured with a yes or no survey question on
whetherthey knew of existing digitalization services in the aveas high among rural farmers in

communities: 81.4% were aware of digital services in the region. Famameneness of digital
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services significantly varied by agarm size level of educationfarming systemcommercial status,
income membershipn associationsand access to extension services. Particularly, the following
groups of farmers were more likely to be aware of digital services in the area: farmers with less than
five acres (85.0);igher education (90%); subsistence farmers (88%)tifukk farmers (84.4%);

farmers associated with farm groups (94.3%); and farmers who had access to extension services
(93.4%)(see Table 3.4 and Appendix However, farmers' knowledge of digitalizatimas limited

to using the phone to support farming and digital services provided through radio or mobile phones
or field agents. Services noted by respondents included advisory and information services, market
linkages, and financial access services. Headeanced digitalization such as drones, satellites,

robotics and big data analytics and their services were unknown to rural farmers in the study areas.

3.63 What digitaltools are smallholder farmers itlNorthern Ghana usin@

We assessed farmers' ownership of some of the lmasstdigital toolsknownin the
digitalizationsuit (see Figure 3.1Themobile phonevasawidely usedtool among farmers
Although mobile phone usage was widespread, the majority used featuredplearies generation
nonttouch, norsmart phones with simpleith mostly only voice and teéxfunctionalitiesd the
cheapest, easiest to operate at their skill levels, and easily accessible due to "China phones" in the
African marketHowever, smartphone ownerphand accesserelimited; only 16.61% hada
smartphone anfl2.01%had feature phong9.4% had both)Other digital tools farmers used or
accessed included radio, TV, internet, compate tablet¢see Table 5).
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Table 3.5 Farmers ownership, access and abilities to use digital tools

Access and ownership of digital resource@=1565)

Digital resource Farmers % Farmers WITH access
WITHOUT access
Mobile phone 2.2 97.8
Radio 19.0 81.0
TV 33.2 66.8
Cellular internet 87.0 13.0
Computer 97.2 2.8
Wifi 97.3 2.7
Tablet 98.9 11

Far mer 6 s c o ragdigtdl sk h+166&) i n

% of farmers who

Farmers with the ability to: CANNOT % of farmers who CAN
answer cai on my phone independently 4.9 95.1
place calls on mphone 10.1 89.6
receive and read SMS on my phone 66.5 33.5
send SMS messages 68.8 31.2
access audio messages sent to my phone 69.5 30.5
send audio messages on my phone 77.5 22.5
follow IVR on my phone 79.2 20.2
browse the internet fanformation 82.7 17.3
use social media 82.4 17.6
use an independent phone app for activities 82.6 17.4
use a computer 86.4 13.6

Only about B.02% had access to the internet. (8% had cellular internet, and 2.7% had
Wi-Fi access). Henceellular was the typical way farmers accessed the intgonetarily through
their smartphones. Farmers who had smartphones but could not afford to pay for data services did no
have access to cellular internet, despite the availability of the servkesvike, poor networks in
communities also explained why Wi usage was almost naxistent beyond a few educated and

affluent farmers who settled in rural areas after spending time in urban areas.

3.6.4 What are the characteristics of the farmers who usebile phonedor farming?

Since the mobile phone was the widely used digital tool, we assbssdthracteristicef
farmers who use it for farming activities and how theyduséhephone uswas measured through

a direct survey question on whether that farmer had used the phone to underfakmagyrelated
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activities in the last year and how wayfsusewerealso measured through direct questioning on what
they had used the phone to doetation to farmingMost rural farmers (76.49%) actively used their
phones in their farming undertaking@one usage significantly varied by gender; age; level of
educationfarming systemincome membership in associatigremnd access to extension sees

Notably, femalefarmers(81.5%), farmers aged 28 years (81.9%Yarmers with less than five

acres 82.5%, subsistence farme(9.3%), mixed farmers30.3%9, farmers associated with farmer
groups(85.7%)and have access to extens{86.4%9 weremore likely to use their phones for

farming activitieqTable 3.6 and Appendix.l)

Table 36 Chi-square forfarmers use ofphones

Variable (n=) X? p Cramers V
Gender 6.670 0.010* 0.066
Age 21.323 <.00* 0.118
Duration in Farming 16.857 <.002* 0.105
Householdsize 20.812 <.00F* 0.117
Farm Size 43.576 <.001* 0.169
Level of education 15.779 0.008* 0.102
Farming system 163.237 0.00p* 0.327
Commercial status 0.613 0.736 0.02
Income 56.101 0.00F+ 0.191
Business status 0.003 0.954 0.001
Membership of association 107.303 <0.00%* 0.265
Access to extension/Vert service! 139.530 <0.00p* 0.302

Chi2 tests indicate differences are statistically significant at 95% when p<0.05

Farmers use thephones in varied wayer farming activities. Among the 76.49% of farmers
who used their phones for fasralated undertakings, making phone calls, listening to the radio, and
other forms of usage, primarily mobile money was the higleest(seeFigure 3.3. The high rate of
phone calls and radio usage was attributed to limited skill demands to undertake the two ways of
using the phone. However, textingjngthe applicatios, browsing the internet, watching videos,
using social mediar listening to audiaessages to access farming information was not widespread

due torural farmers' low (digitalfompetencies (see Table 3.5).
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Figure 34 Farming purposes and task farmers use mobile ptones to accomplish

The commorpurpose ofise were mobile money transactions, connection with extension
agentssourcing weather information, inquiries on prices and selling of farm prdéigiae 3.4.
The connection to extension information was common as farmers sought information on practices.

Likewise, the sourcing of weather information was essential to many farmers with concerns about
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climatic changes in recent times. For many farmers, practicdsedarm depended much on the

weather; hence they constantly made attempts to seek information by calling peers and other sources
It must be noted that farmers alluded to connecting to peers regularly, despite the limited recorded
use of the phone fohat purpose. Farmers in the rural communities held strong connections with

peers and constantly connected with them via-fadace interactions since communities are

closely-knitted.

3.65 How do farmers perceivdigitalization?

Farmers generally hetlpositive perceptions around digitalizatiéterceptions were measured
throughafive-pointagreedisagree licket scale amhat farmers thought about digitalization services
in the communities. Abow@6.2% believed digitalization was good for smallholaigriculture and
81% believed digital solutions and services could be the way forwartth@fdure of farming in the
area.These positive perceptionshichwere paradoxicahboutthe low usagewereprimariy
influenced bymanyfactors, including farmergrior experiences with digitalization in other sectors
(e.g.mobile money wallet schemegidecaudionary of speaking positivg of anything until
experiencing it, cultural beliefs, and desperatiorntiep. The perceptions of feners regardinghe
future of digital services varied significantly by gendkiration inagriculture level of education
income membership in associations, and access to exte(iEatnte 3.7) Specifically, male farmers
(96.2%) farmers with at leastdsic education (97.9%); members of farm associations (97.0%); and
farmers with access to extension services (97.1%) were likely to agree that digitalization is a good

phenomenon for rural smallholder farming.
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Table 3.7 Chi-square for farmers perceptions about digital services

Variable (n=1565) X2 p Cramers V
Gender 21.504 <0.00F* 0.117
Age 6.375 0.383 0.045
Duration in Farming 11.33 0.023* 0.060
Householdsize 6.132 0.409 0.044
Farm Size 8.482 0.388 0.052
Level of education 25.134 0.005* 0.090
Farming system 9.487 0.148 0.055
Commercial status 1.648 0.800 0.023
Income 66.203 <0.00F* 0.145
Business status 0.190 0.910 0.011
Membership of association 8.301 0.016* 0.073
Access teextension/Vert services 10.401 0.006+ 0.082
Phone ownership 0.283 0.868 0.013

Chi2 tests indicate differences are statistically significant at 95% when p<0.05

Ultimately, 91.69% of farmers indicated their readiness to join digital services if the
necessary conditions were favouraMéllingness to join was measured on the survey with a binary
yesor no response on whether farmers were willing to join any tligateon services in the future.

The willingness was high among those aware (96.65%) and those not familiar with such services
(83.47%).The desireto join services significantly varied by gendage farm size level of
educationfarming systemcommercal statusincome membership in associatigrend access to
extension service@able 3.8) Male farmers (95.6%); farmers aged4®(93.2%); farmers with 11

15 acres (93.7%); subsistence farmers (94.5%); farmers who belonged to associations (95.4%); and
farmers with access to extension services (94%) were more willing to accept digitalization in the
future. However, farmers emphasized financial capabiliteggital)literacy, and good

telecommunication networks as necessary pieces for participatiomdagrfarmers, the

digitalization of diverse forms was a new phenomenon potentially worth experiencing to ascertain

what it could offer to their lives.
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Table 38 Chi-square for farmers willingness to join digital services

Variable (n=1565) X2 p Cramers V
Gender 57.626 <0.00F* 0.192
Age 12.731 0.048* 0.064
Duration in Farming 8.356 0.079 0.052
Householdsize 24.868 0.00F* 0.089
Farm Size 37.056 <0.00%* 0.109
Level of education 19.141 0.039* 0.078
Farming system 67.051 <0.00%F* 0.146
Farming model 15.039 0.005 0.069
Income 49.284 <0.00%* 0.125
Business status 2.368 0.306 0.039
Membership of association 77.097 <0.00%* 0.222
Access to extension/Vert service! 36.666 <0.00%* 0.532
Phone ownership 1.061 0.588 0.026

Chi2 tests indicate differences are statistically significant at 95% when p<0.05

3.7 Discussion: Digitalization as eDistant Phenomenon inSmallholder Africa?

Our resultsshow a general overview tdrmers engagement witldigital tools and services in
Northern Ghanarom the resultghe typical farmer who uses digital technologieaisaleaged
betweer25-and40 years withncompletebasic educatioandpractices mixed farming at
subsistencéevel This farmeiis also likely toearnbetweenGHC60QL-700F® annually from farming,
is associated witlacommunity/farm grougndhasaccess to extension servicetawever, this
farmer is most likely to ownr have access tinly a feature phone and a rathat unlikely to have
internet accesd.he farmers would most likelypinimally usethe mobile to aid farming activities by
only making phone callswhich is whatheir literacy and digital competerescan allow Hence he
is unlikely to use thenternetor anyadvanced digital toslor activities This typical farmer will live
in a village without acceds or experience digitalization services. However, if there happen to be
services in the villagewhich will belimited to radio, mobile SMSor agentdelivered information
and advisory serviceshe farmer would be aware of them gusbitively perceie digitalization. The
farmer would have also probably participated with one of such services through a freewrtdsco
offering by development NGOs or technology service providéosiever,heis unlikely to be active

on the servicéong after free and discounted offerings elapse

Generally, farmetengagement with digitalization is low terms oftools and servies.The
ubiquity of mobile phones makes them the most accessible and hence commoittpused
(Duncombe, 2016; Emeana et al., 2020; GSM Association, 2020b; Tsan et al, WA0lE9)

28 GHCB0017000=USD 1017-1186at time of the researchuneJuly 2021
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engagement with highdevel digitalization like precision techniques dronesarenon-existent
amongsmallholderfarmers in our study ared3oor access to digital resources, including
smartphoneandthe internetpartly explains the limited use afich innovationsHowever, even
farmers with access theseresouces are still castrained by very loncompetencies(McCampbell

et al, 202)), such agheinability to send SMS, follow IVR, browse the internet or use computers.
Also, sincethe majority ofavailabledigital agricultural servicewerea part ofpro-poor interventions
(Abdulai, 2022; Birner et al., 2021; Kim et al., 2020; Tsan et al., 2@i®Yetention and activeness
beyondthe projects timeframawere low of 70.22% who had participated in digital services, only
31.6% were stilactively interacting with servicebut this figurencludedpeople in ongoing

projects Hence, tle true activeneds expected to be lower when omgojects beyond their active
implementatiorareconsideredThis finding confirms research Ibyidrobo et al. (2021) and Raihi

et al. (2018)which found that farmers discontinued usage of Vodafone Farmers club projects in
Africa after free or discounted service elapsed. Also confirming the findingslofbo et al. (2021)
andEtwire et al. (2017)farmers' willingness to pay for services is low, which often undermines the
long-term engagements with digitalization. This retention issypéa@s why sustainability
continuous provision of services and usage by farmers over long perfiatigital agricultural
services remains a concern in Africa, as observeégana et al. (2020) and Kim et al. (2020)
Farmers' generdhck of interesemanating from perceptions of ottdemandinghallenges
(including climate changéack of access to inputs, etdow capabilities to sustain engagemeatsd
the longterm expectations of receiving free support from development activities partly account for
this challengeThese discussiorsf low engagemennean that fullscale digitalization that
encompasses thastarray of tools and services showrFigure 3.1 is not currently a realiity

smallholder systems but rather a distant goal.

Hence thedigital lived realites of the typical smallholder farmer contrast the
transformationapromotionssurroundingdigitalizationin Africa, as evident in Chapt@wo.
Discussion of swarms of mitiactors powered by tablets and ulike rental services in smallholder
systems shows a disconnect from farrmiérsd realities. Tie results showed most smallholders
couldn 6t ev en ac orsmatphonbeer have theeessandal digital competencies to use
such system$fkemarkably the literature promoting digital agriculture grossly overestemédrmers’
readines (McCampbell et al2021)or what we describe dke existence of théasicbuilding

blocks, includingdigital competenciesaccess to digital tools, and willingness to engageng
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smallholder farmerddence,this findingunderscores the need fibve critical explomation ofthe

contextuarealities of smallholderto inform the discourses and practices of digitalization hetter

3.8 Conclusion andReflections

In conclusion, digitalization is unfolding for farmers in Africa, but proliferation and
engagements are constrained and limited at Bestr me r s 0 eeaq establishederoagh ® r
match claims of widespread digitalizationany potentiahnticipaed revolutionary, disruptive, and
"gamechanging" transformation@tanga, 2020; Tsan et al., 2Q1%herefore, the anticipated digital
revolution discourses in African agriculture can not be limited to the technicalities of creating such
innovations; they must be-fecused on sensitivity to farmers' contextual social realities (Kansanga
et al., 2@8), includinginequitiesin access to digital tooBnd competenciesf digital agriculture has
any chance of having an impact amongst smallholder faytndtse n we need to [ i n
before we can runo an dhavethepnsibasi of gigital things sunohdas o f  f
accessin@ smartphoneanternetor are able teend textsbrowse the internet dollow IVR. Only
by understanding these very elementary building blocks of digital agriculture whihweany

chance of predicting how much more complex and sophisticated tools may be applied.

Hencewe call forcreatingn di gi t al i zat i on AdigitalizatienrioaAfricsh o | der
whichis different yet contextually relevant tioe structural anditionsin the areaFor example, as
farmers use phones as the most accessible digitabtidli gi t al i zat i omustfoaus s ma
on leveraging the devices to gain understanding, acceptance, and ultimate engbygdanerdrs
before any talk oddvanced toold.ikewise,a idigitalizationfor smallholdes ¢  rthink kdeyond
traditional andndividualized approacheds digitalaccess As noted i n the case
use cases in Africa and Indi@aum et al., 2021and confirmed in this research, the limitations of
smallholderfarmers €.g.low literacyand low willingness to payconstraindirectdigital
enga@mentsat individual levels And farmers may stilbe structurallycorstrained to prefethe
human touch to their activities rather than being burdened with the technologies, further explaining
why traditional faceao-face interactions continue to operate in the digital services space. Effective
integrationof field agents anteveragingpointpersons in communities withigital approaches
neededo reach the otherwig#igitally excludedfarmers Only then can further efforts be made to
introduce a high level of digitalization, such as digéaabled precision farming techniquestor

actual application of ubefor-tractors when necessary.

88



3.9References

Abbey, P., Tomlinson, P. R., & Branston, J. R. (2016). Perceptions of governance and social capital
i n Gk acoaiddustrylournal of Rural Studiegl4, 153 163. https://doi.org/10/ggt3sj

Abdulai, A., & Huffman, W. (2000). Structural Adjustment and Economic Efficiency of Rice
Farmers in Northern Ghanaconomic Development and Cultural Chandg&(3), 503 520.
https://doi.org/10/cn6v2x

Abdulai, A., Ziemah, K. M., & Akaabre, P. B. (2017). @ate change and rural livelihoods in the
Lawra District of Ghana. A qualitative based stulyropean Scientific Journal3(11) 160.
https://doi.org/10.19044/esj.2017.v13n11p160

Abdulai, A-R. (2022). A New Green Revolution (GR) or Neoliberal EntrenchnmeAgri-food
Systems? Exploring Narratives Around Digital Agriculture (DA), Food Systems, and
Development in Susahara AfricaThe Journal of Development Studie®), 11 17.
https://doi.org/10.1080/00220388.2022.2032673

Agyekumhene, C., de Vries, J.,Ran Paassen, A., Macnhaghten, P., Schut, M., & Bregt, A. (2018).
Digital platforms for smallholder credit access: The mediation of trust for cooperation in
maize value chain financinlJAS- Wageningen Journal of Life Scienc86i 87, 77 88.
https://doiorg/10/ghdwwp

Atanga, S. N. (2020pigitalization of Agriculture: How Digital Technology is Transforming Small
Scale Farming in GhanfMasters]. International Institute of Social Studies.
https://thesis.eur.nl/pub/55705

Babcock, L. H. (2015Mobile Payments: How Digital Finance is Transforming Agricultgg.
https://cgspace.cgiar.org/bitstream/handle/10568/75499/1849 PDF.pdf?sequence=1&isAllow
ed=y

Bergvinson, D. (Ed.). (2017WUnlocking the power of digital agricultureTransforming Lives and
Livelihoods: The Digital Revolution in Agriculture;& August 201266625, Crawford
Fund.https://doi.org/10.22004/ag.econ.266625

Birner, R., Daum, T., & Pray, C. (2023)/ho drives the digital revolution in agriculture? A review

of supplyside trends, players and challeng&splied Economic Perspectives and Pqlicy
43(4). 12601285 https://doi.org/10/gkfkh4
Car ol an, M. (2018). 6é6Smartd Farming Technique
Performance of Neoliberal and N&b-Neoliberal WorldsSociologia Ruralis58(4), 745
764. https://doi.org/10/gfgk23

89


https://ideas.repec.org/s/ags/cfcp17.html
https://ideas.repec.org/s/ags/cfcp17.html

Daum, T., Villalba, R., Anidi, O., Maymga, S. M., Gupta, S., & Birner, R. (2021). Uber for tractors?
Opportunities and challenges of digital tools for tractor hire in India and Niyéaddd
Developmentl44, 105480. https://doi.org/10/gjgvtc

Deichmann, U., Goyal, A., & Mishra, D. (201&Will Digital Technologies Transform Agriculture in
Developing CountriesPolicy Research Working Papehnstp://hdl.handle.net/10986/24507

Deusche Gesellschaft fur Internationale Zusammenarbeit, Mercy Corps, Mercy Corps AgriFin, &
Dalberg. (2021)Digital Agriculture Platforms. Blueprints Dedpive ReportGIZ.

https://www.mercycorpsagrifin.org/wp
content/uploads/2021/01/GIZ_Dalberg_Blueprintro-Blog-2021.pdf

Duncan, E., Abdulai, AR., & Fraser, E. D. G. (2021). Modernizing agriculture through digital
technologies: Prospects and challengtzsidbook on the Human Impact of Agriculture
https://www.elgaronline.com/view/edcoll/9781839101738/839101731.00018.xml

Duncombe, R. (2016). Mobile phones for agricultural and rural development: A literature review and
suggestions for future researditine European Journal of Development Resed28(2), 213
235. https://doi.org/10/f8gc3m

Emeana, E. MTrenchard, L., & DehneSchmutz, K. (2020). The Revolution of Mobile Phene
Enabled Services for Agricultural Development&gri Services) in Africa: The Challenges
for Sustainability Sustainability 12(2), 485. https://doi.org/10/ghgbm9

Etwire, P. M., Riah, S., Ouédraogo, M., Zougmoré, R., Partey, S. T., Martey, E., Dayamba, S. D., &
Bayala, J. (2017). An assessment of mobile pHmased dissemination of weather and market
information in the Upper West Region of GhaAgriculture & Food Security6(1),1-9.
https://doi.org/10/ghff2b

FAO. (2019).Digital technologies in agriculture and rural areasStatus report152.FAO-Rome
Italy. http://www.fao.org/3/ca4985en/ca4985en.pdf

Green, A. G., Abdulai, AR., Duncan, E., Glaros, A., Campbell, M., Newell, R.a@@hie, P., Kc, K.
B., Newman, L., Nost, E., & Fraser, E. D. G. (2021). A scoping review of the digital
agricultural revolution and ecosystem services: Implications for Canadian policy and research
agendaskFACETS 6, 1955 1985.https://doi.org/10/gn3pw7

GSM Association. (2020abpigital Agriculture Maps 2020 State of the Sector in Low and Middle
Income CountriesGSM Association. https://www.gsma.com/rAvp
content/uploads/2020/09/GSMAgritech-Digital-Agriculture-Maps.pdf

90


https://openknowledge.worldbank.org/handle/10986/9
http://hdl.handle.net/10986/24507

GSM Assaiation. (2020b)The mobile economy Si#aharan Africa 2020GSM Association.
https://www.gsma.com/mobileeconomy/vp

content/uploads/2020/09/GSMA_MobileEconomy2020_SSA Eng.pdf

Hidrobo, M., Palloni, G., Aker, J., Gilligan, D., & Ledlie, N. (2021). PayingDaital Information:

Assessing Farmersoé Willingness to Pay for

GhanaEconomic Development and Cultural Chang&3974. https://doi.org/10/gnc9h4
Jakku, E., Taylor, B., Fleming, A., Mason, C., Fielke, Sy 8on e s s ,

C., & Thorbur
they donét tell us

what they do with it
benefitsharing in Smart FarminflJAS- Wageningen Journal of Life Scienc86i 91,
100285. https://doi.org/10/ghfkwv

) w

Kansang@, M., Andersen, P., Kpienbaareh, D., Magtenton, S., Atuoye, K., Sano, Y., Antabe, R.,
& Luginaah, I. (2018). Traditional agriculture in transition: Examining the impacts of

agricultural modernization on smallholder farming in Ghana under the new Besetution.

International Journal of Sustainable Development & World Ecqldgy4.
https://doi.org/10/ggt34c

Katungi, E., Edmeades, S., & Smale, M. (2008). Gender, social capital and information exchange in
rural UgandaJournal of International Developme The Journal of the Development Studies
Association20(1), 35 52.

Kim, J., Shah, P., Gaskell, J. C., Prasann, A., & Luthra, A. (2&23Jing Up Disruptive
Agricultural Technologies in Africalrhe World BankWashingtorUSA.
https://doi.org/10.1596/978-464815225

Nikoi, G. K., Partey, S., & Zougmore, R. (2018)o bi | e phones hel p Northe

Phones Help Northern
Climate Change. https://ccafs.cgiar.org/blog/mebit@neshelp-northern

ghana%E2%80%9%armingfamilies-beatclimate change

families beat climate change Mo b i | e

Nyamekye, A. B., Dewulf, A., Van Slobbe, E., Termeer, K., & Pinto, C. (2018). Governance

arrangements and adaptive decismaking in rice farming systems in Northern GhadaAS
- Wageningen Journal of Life Scienc86i 87, 39 50. https://doi.org/10/ghflkx

NyantakytFrimpong, H. (2014)Hungry Farmers: A Political Ecology of Agriculture and Food
Security in Northern Ghan#vailable at

https://ir.lib.uwo.ca/cgi/viewcontent.cgi?article=3708&context=etd

91



Palloni, G., Aker, J., Gilligan, D., Hidrobo, M., & Lkel N. (2018).Paying for digital information:
Assessing farmersodo willingness to pay .for
International Food Policy Research Institute. https://doi.org/10.2499/p15738coll2.133591

Technical Centre for Agcultural and Rural Cooperation. (201%he Digitalisation Of African
Agriculture Repor2018 2019 CTA-Netherlandhttps://www.cta.int/en/digitalisation
agricultureafrica

Tsan, M., Totapally Swetha, Hailu Michael, & Addom, Benjamin K. (20IBg digialisation of
African agriculture report 201:2019: Executive summargTA/Dalberg Advisers.
https://cgspace.cgiar.org/bitstream/handle/10568/103198/Executive%20Summary%20V4.5%
200NLINE.pdf?sequence=1&isAllowed=y

Vercillo, S., Kuuire, V. Z., Armah, F. A., &uginaah, I. (2015). Does the New Alliance for Food
Security and Nutrition impose biotechnology on smallholder farmers in AfGdai¥al
Bioethics 26(1), 1Ii 13. https://doi.org/10/ggt6d7

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt,Nl.(2017). Big Datan Smart Farming A review.
Agricultural Systemsl53 69 80. https://doi.org/10/f97x6f

92



4.0 Towards inclusive smallholder digitalization: Gender, farmer groups, extension services,
digital competence, and mobile phone ownership/acceisdlu encethe likelihood of farmer
participation in digital agricultural servicesin Northern Ghana

4.1 Prefaceto Chapter Four

In this chapteralso a standimne manuscriptl build on the previous chapter to explore the
factors that affect farmers' participation in digital services. In Chapter,Twoncluded that more
research is needed to understand the contextual realities of how farmers engaged taiihatign
in Africa. Chapter Threanswered that call by exploring the dynamics of engagements of rural
farmers with digital tools and servicasNorthern GhanaChapter Threenotel that digitalization
was still a distant goal because farmezsgagement and retention were miniraadl corstrained
However, | also introduceidsues around farmerparticipation in digitalization(section 3.6.1)
showing that a wide range of influencing factoray determine who participaer otherwiselIn
conclding the Chapter, ¢alled for more researcto understandhe contextual factors that may

affectfarmers' participation.

Usingthe survey data presented@mapterTwo, this chaptepicks upthe calls made in
Chapter Threaising apolynomial modelling technique to create a predicewgagement modelith
digital agriculture | followed the approach oKC et al. (2016; 209) to assess the effectarious
sociaeconomic and farmersonditionshaveon participation in digital agricultural services. Hence,
this chapter takes the findings of Chapter Three furtherraadondgo its concluding call to explore
structural issues thahfluenceparticipationby statisticallymodelling thdevel of effecta change in
varioussocioeconomiaharacteristicandfactors may have otthe involvemenin digitalization |
show throughtte modelling that associations to farmer grougs;ess to extension services,
ability(competence) to place phone ca#lscess to mobile phones (digital resourcasy gender
positively affect participation in digital services. Paradoxically, acceskdartternet haa negative
effect on participationwhich | partly attribute to theurrent proliferation of services that are

essentiallynondependent on the internet at the user Ileve

The findings in this chapter underscore the importanqeaging attention to the potential
unequal access to opportunitjesd resultant power implications, the digitalization of agriculture
in Africa. The empirical approach in the chapter provides contextual data to support crathnes

literature (Carolan, 2020 and Chapter Twadhat existing structural issues in rural communities
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may undermine equity in access and benefits of digitalizativle digitalization may alsoreate
newer inequalities among farmef®hefindings thus confirm the claims made @hapter Two and
further contributeto the literature discussioren the need to pay attention to the sepolitical-
economidmplications of agricultural digitalizatiorfCarolan, 2020b; Klerkx et al., 2019; Rotz et al.,
2019)

Keywords: Digitalization; rural smallholders; Africa; digital participation; inclusive digitalization.
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4.3 Abstract

Participation indigital services is critical fotheinclusivenessf digitalizationin
smallholder AfricaThis paperthusemploy a crosssectional survey of 1,565 farmers in Northern
Ghanato explorethe factors that affed¢he likelihoodof ar mer s6 parti ci pati on
servicesWeapplieda polynomial regression modt& show thagender affiliationsto farmer
groups, access to extension services, ability to place phone calleywenaishigaccess to mobile
phones increase therobability of participation in digital services. However, paradoxically, access
to the internet negatiWeinfluenceghe likelihoodof engagementd hus,farmer characteristics,
digital competencies, and access to digital resouare<ritical in determining who participates in
digitalization.We arguethataccess and impacts of digitalizatioauld beexclusivedueto existing
equitiesin theessentiaklements for participatiorHence, stategiessensitive tahedriversin
engagementare requiredfor inclusivenessandthelong-termsustainabilityof digitalization for
smallholdersWe thereforeyecommended policstrategiesghat strengtheriarmers tterest in
associationgroups increaseaccess to extension servicbsgjld digital skills, andscaleaccess to

digital tools(includingmobile phones

4 .4 |ntroduction

As digital agricultural servicesre increasingly promoted femallholderAfrica (Kim et al.,
2020; Tsan et al., 2019heir adoption and use must be waliderstood to inform scaling across
areas. Particularly, assessing the participation in digitalization services could propel progress toward
solving the chall enges that hinder Africads 3
and economic potentiflDeutsche Gesellschaft fur Internationale Zusammenarbeit, Mercy Corps
AgriFin, et al., 2021; Kim et al., 2020; Technical Centre for Agricultural and Rural Cooperation,
2019) Li kewi se, however transformative digitald@

literature(see Chapter Twohttaining such goals partly deykon the beneficiaries' ability to take
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advantage of emerging digital services. Yet, the literature on digitalization in Africa remains silent on
the factors that may influence the adoption and participation in digital services for diverse groups of
farme's (FAO, 2019) Hence, aubstantial issue in understanding emerging digital aluie

continues to be the limited empirical, systematic, and official data on the topic across different
regions and places (ibid). This paper contributes to closing this impgegrtty empirically

exploring how a range of factors may influence farmmadicipation in digital agricultural services

in Northern Ghana.

Rural farmers' existing conditions and charactessti@ critical to their participation in
interventiong Abegunde et al., 2020; Ali, 2012; Sulo et al., 20d2)potentiallyundertaking any
form of digitalization practices. Rural people are the economic bedrock of many African countries;
notonly are hey the majority in most areas, but their contribution through agricultural activities is
central to developmeriBarrett et al., 2017; Dixon, 2015; Osabuohien, 20R®anwhile, the
conditions under which rural farmers undertake their livelihood activities and everyday practices are
mostly far from ideal. Poor infrastructures suchaels, eleticity, and now telecommunication to
lack of social services like education and health, the plights of rural communities and people have
always been at the centre of rural development scholarships, as well as development interventions
(Barrett et al., 2017; BriceAGarmendia et al., 2009; Coak011) Notably, the outcome of these
many problems is more rural poverty and thwarted abilities to embrace innovations and change
entirdy. For example, the lack of education in rural areas leads to low litdrtacyy d er i ng pe o |
access tanformation, including digital tools and services. Ultimately, the practice(s) of digital

agriculture hinges on how rural people are situated to adopt, use, and participate in the phenomenon.

This paper uses a cressctional survey in four districts Morthern Ghana to assess the
factors that may influence adoption and participation in digital senBgyeshowing the effects of
various farmer characteristics thre involvementn digitalization we provide empirical and practical
insights into how theveryday realities of rural people in Africa mafluencethe goals of the
anticipated digital revolution in the regiofhe rest of this paper is structured as follows. The
following section presents background on agricultural digitalization in Africa. Thereafter, the
research design and data collection processes are outlined, followed by the empirical approach, wher:
the \ariables are defined, and the model for the research is stated. The results section then presents
the outcome of the probit regression médg and how each variable influences participation. Then
the discussion expands and provides reasons for theigmificeant determinants (association to

farmers groups, gender, ability to place calls, and access to cellular internet) of participation in digital
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services. The conclusion and way forward summarise the findings and call for attention to diverse

groups offarmers' access to resources and digital literacies in digital interventions.

4.5 Background

4.5.1Agriculture digitalization use insmallholder systems

In 2019, the Food and Agriculture Organisation rele@gdal technologies in agriculture
and rual aread status repor(FAO, 2019) The report emphasizes the growing application of many
digital tools, including mobile advisories, precision advisories, satellite imagery, blockchains, and
drones in many aspects of rural smallholder food and agriculture value chains. In the sarhe year, t
CTA released’he Digitalisation of African Agriculture Report 201819(Technical Centre for
Agricultural and Rural Cooperation, 2019he report detailed the growing number of digital
innovations such as call centres, market platforms, blockchain solutions, and social media. Two
reports released by Glahd partners in 202Deutsche Gesellschaft fur Internationale
Zusammenarbeit, Mercy Corps AgriFin, et al., 2021; Deutsche Gdsdtisir Internationale
Zusammenarbeit, Mercy Corps, et al., 20&%p emphasized how digital tools and services are
becoming embedded in everyday activities of farmers and rural people in Africa. Similar information
on the subject can be found in Werld Bank(Kim et al., 2020) GSMA AssociatiofGSM
Association, 202Qthe African Union(African Union Commission & OECD, 20213nd many other
organizations. In all these reports, the common thertfesiemergence of a new potentially
transformative technology and phenomena that are rapidly penetrating throfighetbérural
communities and activities. This view is also heavily supported in the academic literature on
digitalization, which engageke subject while acknowledging the growimgliferationof
digitalization inAfrican rural agriculturgBabcock, 2015; Ekekwe, 2017; Evans, 2018; Munyua et
al., 2008)

Specifically, the ubiquity of digitalization and accompanying services lies in the diverse range
of tools and services emerging from the phenomésem Sectioal.2and 3.4. These innovations
mainly provide solutions to the maniiallenges smallholders farethe current food regime,
including climate change, poor access to inputs, and limited access to information. For example,
market access solutions directly seek to connect an otherwise disconnected smallholder population to
markets and bridge price information asymmet(i2sichmann et al., 2016; Etwire et al., 2017;

Magesa et al., 2014) ikewise, capital solutions such as mobile money, one of Afnca&ttypical
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forms of digitalization, promote financial inclusion for disconnected rural popula{Balscock,
2015) The ability of these innovations to providewg@nsfor African farmersemerges the push to

encourageheir adoption and usef digital services

According to the CTA, about 33 million smallholders registdoediigital services in 2019
and the number is expected to reach 200 million by Z08an, et al., 2019However, little is
known about the factodfecting farmers' digital services participatidtesearchers have shown that
various factors broadly influengeeople's adoption of ICTs and digitalizatioragriculture Socic
demographic and economic conditions such as education, gender, incom&aseg@y, and age
variedly affectfarmers' adoption and application of ICTAlabi, 2016; J. Ali, 2012; Ayanwale &
Adekunle, 2008; Ayim et al., 2020; Etwire et al., 2017; Tata & McNamara, 2Dik@&wise, Ajani
(2014)and (2022) note that literacy and digital skills are critical to scaling digitalization for
smallholders in rural AfricaSpecifically, illiteracy, financial illiteracy, and digital illiteracy, as

Babcock (2015jound with mobile payments, are barriers to successful adoption and use.

The literature on the farmers' use of digitalization has been skeptical about unequal access anc
equity among diveesgroupgBronson, 2018; Carolan, 2020b; Duncan et al., 2021; Klerkx et al.,
2019; Rotz et al., 2019Hence, here is no denying in the literature that digitalization, despite the
potential, may not be available for all farm@gneana et al., 2020; Xie et al., 2024nd access and
use could be depdent on a diverse range of factorkis concerng confirmed in Chapter Three of
this dissertationwherefarmer characteristics, including adevel of educationcommercial statys
farming modelsincome membership in associatigremd access to extsion have varied
relationshipswith participationin digitalization. This findingcoupled with prioconcernonthe
potential noANnclusivenessof access antenefits of digitalizatiofAbdulai, 2022) peakedny
interestin further exploringthis subject This paper, therefore, assestheeffects of aange of

factorson participation in digital services withimural Northern Ghana

4.6 ResearchDesign andData Collection

This paper uses data from a crssgtional survey administered in the Northern Region of
Ghana in 2021The study's goal was to assess the perceptions and preparedness of rural smallholders
for the ongoing digital revolutiolA multistage sampling methalected participating smallholder
farmers (n=1565). First, four districtSgvelugu, Nantong, Kumbungand Sagnarigu) (sdeégure 1)
werechoserdue to their proximity to the regional capital district, Tamale Metropolis. Their locations

make these areg®tential benefiiariesof digital services of urban communities yeeprimarily
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peasanbased enough to offer insights into rural digitalization. Their closeness to the regional capital
also makes them accessible to the many NGOs that operatéh&anity and provide agricultural
interventions for rural smallholders. These communities presented an opfyddwiew people who

have or are currently experiencing digitalization and-beneficiaries in such communities.

h/ NORTHERN REGION

Savelugu
Regional boundaries
e District boundaries
«10
oo o1 Nantong 1 Voggu 15 Saandu
o 1 *15 2 Shedua 16 Kpano
130° 14 5 3 Gingani 17 Nanong
T o7 4 Gbullung 18 Kpunduli
2 & 24 20000018 5 Zugu Dabogni 19 Zieng
o 2z 5, LAl 6 Satani 20 Dingoni
Meerg 2 7 Kuldaanali 21 Jana
Sagnarigu 8 Kpalung Yapalsi 22 Gburimah
Tamale 9 Koduhizegu 23 Dungu
Tamale 10 Nakpanzoo 24 Damankungyili
v 11 Tibali 25 Yong Duuni
12 Libiga 26 Dimale
13 Zaazi 27 Nyaring
0 | 20km 14 Kanshegu

Figure 4.1 Map of the study area and communities

The communities (27) were selected through a simple random sampling from a p@aof
that received digital agriculture interventions. Finally, a systematic sampling technique was used to
choose household units bglecting every third house where the research team first entered the
community/village. The survey covered different areas of digitalization, including household
preparedness, perceptions of usage, impacts, challenges, and pathways to sustainahlisiaad incl

digitalization. Ethical approval was granted by the University of Guelph Research Ethics Board.

The data was collected from-person administered surveys throughlégs in a digital format
with the help of research assistants. The surveycaagucted with a structured questionnaire,
capturing farmer characteristics, experiences, and perceptions. The enumerators were trained on the
study and the data collecti@amd assignedommunities and distributed to sections in the selected

areas on theusvey days.
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4.7 The Empirical Approach
We adopted the following probit model equation following the methods in the lite(&tGre
et al., 2016; Kc et al., 2019)

Where p = the probability that a farmer participatethedigitalization of agriculture
servicesand bo and b iPartécipation axigaalizhtiorcwasenmeassred through a simple
survey guestioon whether participantsadengaged with digitalization services or rince the
propensity index is not directly observable, it is treated as a latent variable to develop a model that
explains the probability a farmer is likely to participate in digaggliculturalservices 1=yes,
participated in digital service, 0=no, no participation in digital services) when a change occurs in any
of the explanatory variables (Xi) pertaining to the farmers' secimomic conditions (gender, age,
education, membership in association, arwkas to extension services), digital competencies (ability
to place phone calls, send SMS, follow IVR, or browse the internet), and access to digital tools and

resources (phones and internet) (see next section for details)

Ultimately, we apply thenodelthattried to understand the propensity of a farmer to
participate in a digital service offered in their communities by service providers. After multiple
modelling iterationswe established a robust moadélparticipationbased on 11 variables (Tialdl).

The 11 variables were concluded based on researchers’ experiences in the field, anticipations of
important determinants, preliminary qualitative insights, and elimination of incomplete and
redundant variabledicrosoft Excel and R statistics wersad for the relevant analysis. Excel was

used to compute frequencies and percentagesR statistics was used for the statistical analysis.

4.8 Resultsand Findings

4.8.1Summarystatistics forkeyvariables

Elevenindependent variables were considered to assess their relationship with farmers'

participation in digital services.
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Table 4.1 Summary ofkey variables in themodd

Farmer characteristics

Variable (N-1565) Mean Standard
eviation
A 38.88 12.98
ge
Variable Options Frequency Perz:(ye(:;tage
Gender Female 617 39.42
Male 948 60.58
1524 121 7.73
Age 2540 891 56.93
41-60 440 28.12
60+ 113 7.22
No education 1080 69.01
. Basic education (incomplete 243 15.53
Level of education Basic education (complete) 106 6.77
High school 104 6.65
Certificates/vocational 12 0.77
Higher education 20 1.28
Membership of No 511 32.65
association Yes 1055 67.35
Access teextension No 479 30.61
services Yes 1086 69.39
Respondents' access to digital tools and resources
Percentage Percentage
Respondents with access to: WITHOUT WITH access
' access (%) (%)
Phone 2.17 97.83
Internet 86.96 13.04
Farmers digital competencies
Percentage Percentage
Respondents who can: WITHOUT WITH ability
ability (%) (%)
place calls 10.35 89.65
send SMS messages 68.75 31.25
follow IVR 79.23 20.77
browse the internet for information 82.75 17.25

Most respondents wersale (60.48%), while females (29.42%) were the minority. Most
respondents were between the ages of 25 and 40 (56.838dhe average age was 38.8 years. Most
farmers had no education (69.01%). Howetleemajority of farmers belonged to associations
(67.35%) and had access to extension servic@8%o). While most farmers owned or had access to
mobile phones (97.83), only 13.04% had internet access. The commonest competencies among
farmers were the ability to place (89995and the least digital commice was browsing the internet
for information (17.77%). Generally, as the complexity or level of skill required to undertake a
particular digital task increased, the percentage of farmers who could complete such a task decreasec
(Table 1). Finally, the geendent variable measured was farmers' participation in digital agriculture

services in the area: 70.22% of the respondents had participated in digital services.
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4.8.2Critical factorsassociated witHarmer participation in digital agricultural services

The probit regression illustrated that a range of factors explained farmers' participation in
digital services. The overall regression model explained participation reasonably 3well §R).
Theexplanation powewas acceptable iime with a crosssectional dataset like this stufic et al.,
2019) Table4.2 outlines the findings of our general model for participation in digital agricultural

services.

Table 4.2 Determinants of participation in digital services

General model General
Variable n=1565 Coefficient model
(Standard error) marginal
effect
(Intercept) -1.902 i
(0.335) 0.397
Gender 0,300 %k
1 if a participant is male; O otherwise (0.089) 0.067
Age
-0.003 -0.001
Age of household head (years) (0.003)
Level of education
1 if a farmer o6has 0.089
school: 0 otherwise (0.139) 0.018
Membership of association
) . s 1.318%**
1 if a farmer is a member of an association; (0.100)
otherwise ’ 0.275
Access to extension
1 if farmer has access to extension; 0 0.820*** 0.171
otherwise (0.102)
Phone
. ) . 0.528** 0.110
1 if farmer has a phone; 0 otherwise (0.265)
Internet access Cellular L0.737%%
1 if farmer has cellular internet; 6therwise (0.123) -0.154
| can place calls on my phone 0. 7474wk
1 if a farmer can place calls; 0 otherwise (0.130) 0.156
| can send SMS messages 0.055
1 if a farmer can send SMS; 0 otherwise ’ 0.0115
(0.133)
| can follow IVR on my phone -0.165
1 if a farmer can follow IVR; 0 otherwise (0.198) -0.034
| can browse the internet forformation 0.139
1 if farmer can browse the internet; O (0'220) 0.029

otherwise
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-1.902***

Constant (0.335)

Log Likelihood -594.829

McFadden's Pseudo-$juared 0.376
Note: *p<0.1; **p<0.05; **p<0.01

Firstly, gender had significant positive relationship with participation in digital services.
Specifically, male farmers were more likely to participate than women. The marginal effect
computation indicated that a unit increase in men in farming led to a 6.7% increaseipgiamn in
digital servicesThis study thus confirmthe existence ainequal access to resour¢ésod and
Agriculture Organization of the United Nations, 2018 male farmers are more likely to participate
in digital services. The main reason foe difference is the emphasis on development interventions
at the household level, which places men as household heads at the advantage of participation.
Likewise, the finding is unsurprising sine@men are still 13% less likely to own a mobile phone
than men in sukBSaharan Africawhich is cruciafor digital participationlGSMA Association, 2021)
However, recent studiesVarevealed the gradual blurring of such gendered barriers. In the study of
agrarian transformation, Speij@016)found transformations in access to inputs, land, technology
and labour at gender leveSpeijerfound that the longpeld beliefs of division between male and
female crops are blurred as technologies alter access to horsepower for farm activities, confirming
Doss's (2002) and Lambrecht et al. (2018) findings on disappearing gender myths on liroétesl ac
to resources by women in Africa. However, as this study partly reveals, there is still room for
improvements despite the blurring of gender constraints. Hence, intervesriomsting and offering
African digital servicesnust continuously integrateegdersensitive assessment into planning and

implementation processes.

Secondly, rmbership in an association(s) also had a strong and positive effect on farmers’
participation. Farmers associated with groups were more likely to participate in digiteéser
Notaly, farmers who belonged to farm associations and groups were more likely to participate in
digital agricultural servicesService providers sometimes put farmers into gs@soa prerequisite for
receiving digital servicesvhichpartly explans why people associated with groups ararelikely to
participate. Importantly, this finding confirms earlier research that farmer groups and cooperatives
improve the adoption of innovations and technologies in agricyllregunde et al., 2020;
Ainembabazi et al., 2017; Ayanwale & Adekunle, 2008; Mwaura, 2014; Sulo et al., 2012; Wossen et
al., 2017)oy sometimes speeding the process of farmers engagéhmeembabazi et al. 2017)
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Thirdly, access to exnsion services was also stronglsociated with farmers' participation
in digital services. The estimated model coefficient for access to extension services was positive.
Hence,access to extension services increased the probability for farmers tmjtah<ervices. This
finding is unsurprisingas it confirms earlieresearch thaiccess to extension can facilitate
innovation diffusion among farme(Ali & Rahut, 2013; Emmanuel et al., 2016; Tata & McNamara,
2016; Wossen et al., 201%)Ve therefore empirically add to thagim and extend the literature by
showing that extension is also essential in the diffusion and use of digital agricultural technologies.

Fouthly, the overall model also expressed the estimated coefficient for access to mobile
phones as positiv®artcularly, access to mobile phones increased the probability of involvement in
services. This finding was anticipated due to the current space of digitalization in Kabde
phones anchor the current agricultural digitalization ecosystem in smallholder Africa and beyond,
confirming earlier studies on the need for mobile penetrgbamcombe, 2016; GSMA Association,
2021) This finding ultimately underscores the essence of digital devices and resources in promoting

smallholder digitalization

Fifthly, farmers @bility to place a call had a significantly positive coefficient and increased
farmers' participation in digital services. Particularly, farmers who can place phone calls were more
likely to participate in digitalizationlhis finding confirms and underscores tesence of digital
competency in the digital agriculture space, which earlier research has hinted to be lacking. Ajani
(2014)notes that when it comes to smallholders in rural Africayes of low literacy and digital
skills continue to undermine any real stride in the adoption and use and ultimate transformation of
ICTs. Specifically, as Babcock (2015) found in mobile payments, digital illiteracy is a barrier to a
successful rollout adiigitalization. Likewise, Atangé&2020)confirms the challengef literacy when
he found that low technical ability among farmers hinders digital financial services' capacity to make
impacts for smallholders in Ghana. Establishing the essence of digital skills (placing phone calls in

this case) opens further conversas on developing digital competencies in rural areas.

Finally, and skthly, access to cellular internet had a negative coefficient. The marginal effect
computation showed that a unit increase in farmers with access to cellular internet decreased the
probability of participation in digital services by 15%. These counterintuitive revelations contrast the
established scholarship that internet access is critical in the expanding digital agriculture space
(Evans, 2018; Lehmann et al., 201Epwever, many reasons may have accounted for this

observation. Access to the internet was limited among the rural population%: 13.04. Such low
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numbers mean that the effect is limited within the model. Also, digital services are currently created
outsidethe internet space at the individual level, mainly delivering services through SMS, calls, and
field agents. Hence, farmers can participate in services without access to the internet, which
minimizes the effect of the models. However, it is importanbtodiscount the role of internet

access in digitalization futures in Afri(Reutsche Gesellschaft fur Internationale Zusamameeit,

Mercy Corps, et al., 2021; FAO, 2019; Sundmaeker et al., 2016; Tsan, et al.,B2¥)se, as

internet access grows and digital services expand to include inbersed platforms as being
experienced in the developed world, access wouldibeat to participation and use of digital

services.

4 .9 Discussion

4.9.1Digitalization as anunevenphernomena for smallholder participatior?

The resultshow variationsn the probability and likelihood of participatimgagricultural
digitalization servicesSpecifically, different characteristics of farmersgender different effects on
f ar mer s 0 desrettoauseamitableasardceBhe revelation of how these elemewgsiedly
affect the likelihood opartidpation speaks to issues dtentialuneven access and beneiits
digitalization.As noted, 69.01% of the rural population had no formal education; 86.96% had no
internet acces$8.75% and 79.23% could not send a simple SMS or follow t¥gpectively gee
Chapter Three)Likewise,10.3%% could not place a phone ¢alhd 2.1%o did notown or have
access to a mobile pharideanwhile, the model shows ththe ability to place phone calls and
ownership of mobile phones significantly increasedikelihood of participation. Henggroups
such asvomen digital illiterates people without access to extension services, and those tiatexdfi
with farm associationsould be excludettom participation angbotential benefitsCertain groups
having amore substantidikelihood mean that othensot in those categoriegsk being excluded.
Thefindings confirm and empirically support Chapter Two's claims (Abdulai, 2022) that

digitalizationmay be unevenly accessildad inclusiveo all farmers

Hence,aspreviously discussed in the political economy and critical science and technology
studiesof agricultural digitalizatior{Carolan, 2018, 2020a; Rose & Chilvers, 2018; Rotz et al., 2019;
Duncan et al., 2021just as with previous innovationdigitalization risk entrenchingnequitiesof

thebenefits of changén particular, it could further deepen existing inequalities among rural
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smallholders (including gender and literacy disparities) while also creating newer elasgethe
lines of groups with advantages of accé$sncedifferenesin potential benef¢ emanating from
unequal participation may put digitalizatisimilar to earlier technological waves that have divided
smallholders along different lines, including gender, age, and eductiessencegigitalization
may not be that different fromthe technaogical innovatios criticized for creatingentrenching

andthriving on existing and newesociceconomidnequities.

4.9.2Some plicy directionsfor inclusivedigital servicegarticipation

The model showdifferential effects of ariedfarmerscharacteristics othe scaling of
digitalization among smallholderslence, we drawmormativepolicy directiondrom themarginal
impactsof themodelto make recommendatisior inclusiveness and widespread participation in

digital agricultural services.

The first policy directiorfrom the models promoting andyrowing farmer participation in
farm/community associations and groupkse marginal effect indicated that a unitrease in
association witHarmergroupswould increase the likelihood afivolvementin digital servicedy
27%.Thus,there would be a corresponding increase in participation in digital services for any rise in
the number of people participating in farmogps. Meanwhile,only 67.35% of the sampled
populationparticipated irfarmer organization Hence,measuresnust be instituted to generate
interestand grow the proportion darmerswho participate irassociationsrogroups in their
communities. These measures may inclusiag group participation as prerequisites for
development interventions oreating grougbased mdels for digital service provisionsProviding
development interventions through groups is a-ketiwn strategy across many parts, including
Africa. And since digitalization interventions are primarily situated within NGOs' projects and
international development activities (Abdulai, 2022), the adoption process mimics prior development
experienced-urthermore, associations with groups are known to speed up adoption processes. For
example, in the study of the adoption of technologies in the African Great Lakes regions,
Ainembabazi et al. (2017pund that farmer groups anet just valuable for promoting adoption.
Still, they help reducadoption lag in smallholder systems. This paper partly confirms this assertion
since much of the participation in Northern Ghana is early adoption of digital services. Hence,

attention must be paid to farmer grouping in rural areas in the face of emtaghnglogies.
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The second key poliagirectionis increasing farmer access to extension servities.model
showedthat a unit increase in accessatoextensionwouldincrease the probability of participation
in digital agricultural services b/7%.Hence a move from not having accessetdension extends
thelikelihood of participating in digital serviceAnd as earlier noted59.39% of the farmer
population had access to extension servitkas,pursuing inclusiveaccess to extension services
through stradgies that make agents available and farmers interested in usingdhbéirs
recommended tattractparticipaton. Eviderce shavs thatextension servicegreused by
government and private entities to introduce and facilitate technology and innovation diffusion in
agriculture(Eastwood et al., 2017; Ruttan, 1996; Sodiya et al., 2608)ce, policy activities that
enhance farmer extension access would increase the probabjipple participating in digital

services antmprove theinclusiveness of digital movation scaling in smallholder systems.

The third policydirectionfrom ourmodelis growing farmersacess and ownership of
mobile phonesThe marginal effect calculation revealed that a unit increase in farmers who can place
phone calls increases the probability of participation in digital serviced%yHence any increase
in the proportion of farmers with mobile phones wjliow participation in digitalization by1%o
among the smallholder populatiohhus,prioritizing inclusive access to mobile phones would
i ncr ease p e cepperientisgaiionstigital gesvitesTihiapolicy direction is critical as
current digitalization effortprimarily rely onmobile phoneas theprimarytool for connecting to
farmers Thus, efforts to increase farmeascess to mobile phones must be seen as a prgteda

scaling digitalizationn smallholder systems.

Our fouth and final policy recommendation from the modellintpislevelogf ar mer s 6 di
competenciesncludingtheir ability toplace phone callsAbout89.6%% of farmerscouldplace
phone call independentlyMeanwhile,aunit increase in this competence would increase the
probability of participating in digital services 5%. Sincemost digital services are mobilb&sed,
either through SMS advisories or call centres, both of which usability to operate @ahone
(Babcock, 2015; Emeana et al., 2020; GSM Association, 2020; Tsan et al,, @Qit8l)
competencies must be identified at the centre of discussions of the digitalization future in African
agriculture Measurenentsthat incease farmetsligital competencieare needed to prepare
smallholderdo participaten digitalization servicesrarmer training prograsy informal education
schemes, or farméo-farmer education that focusen digital literacies must be instituted imaiu
communities to train farmers in various digital competencies required for effective adoption and

participation in digitalization.



4.10Summary and Conclusion

The paper has explored the factors that influence the likelihood of rural smallholder
participation in digital agricultural serviceBhe results showed that gender, membership in farm
associations, access to extension services, ownership and accesse@haries, access to cellular
internet, and ability to place calls primarily increased the likelirafqzhrticipation in digital services
in Northern Ghana. Age, level of education, ability to send SMS, follow an IVR, and browse the
internet did not sigificantly affect farmers' participation in digital services. However, these elements
(except the ability to follow IVR) had positive coefficients and increased farmers' involvement in
digital services. These results represent an exploration of the varadlitee time of the research
Hence the significant elements must rime considered exclusive oexhausive. Most digital services
are currently a part of development intervengiavhich could ultimately define who can potentially
access, participate drenefit from thenChapter Two)Hencecare is needed in interpreting the
results due to changing circumstances and requirements of digital services in the study settings.
Further research must explore other dimensions of participation in diversets@amixacross times

The findings lend critical policy insightsr inclusiveagriculture digitalization in smallholder
systemsin particular,aplacebased understandirgj factors that drive participation, penetration and
scalingof digital servicess essentialDevelopment stakeholders must pay attention to the@-soci
political-economicconditions of smallholders when designing and implementing digital initiatives.
Spedfically, strategies must be pursued to increase farmers' access to digital resagrpb®es
internet etc). Likewise, attention must be placed on digital literacies among farmers. Governments,
NGOs, and all rural development actors need to instand prioritize education and training
programs that enhance the competencies of rural pedpte. measures that increase access to and
encourage extension services are needed. Fifialimer associations and groups must be enaged
in rural areasandincentives created to promote participation and belonging to such groupings.
Ultimately, through these policy directions astlakegies governments and development agencies
would haveeffectively empowegddiverse rural people to participate in digital services and propel

inclusive digital futures.

10¢



4.11References

20207 GSMA Mobile Connectivity Indefn.d.). 2020 GSMA Mobile Connectivity Index.
Retrieved 31 March 2022, from https://www.mobileconnectivityindex.com/

Abdulai, A-R. (2022). A New Green Revolution (GR) or Neoliberal Entrenchment infagd
Systems? Exploring Narratives Around Digital Agriculture (DA), Food 8&yst and
Development in Susahara AfricaThe Journal of Development Studieg®), 11 17.
https://doi.org/10.1080/00220388.2022.2032673

Abegunde, V. O., Sibanda, M., & Obi, A. (2020). Determinants of the adoption of ckxmaate
agricultural practices bymaltscale farming households in King Cetshwayo District
Municipality, South AfricaSustainability 12(1), 195. https://doi.org/10/gpczp6

African Union Commission & OECD. (2021A.f ri cads Devel opment Dynam
Transformation for Quality Jab OECD. https://doi.org/10.1787/0a5c93a4

Ainembabazi, J. H., van Asten, P., Vanlauwe, B., Ouma, E., Blomme, G., Birachi, E. A., Nguezet, P.
M. D., Mignouna, D. B., & Manyong, V. M. (2017). Improving the speed of adoption of
agricultural technologies drfarm performance through farmer groups: Evidence from the
Great Lakes region of AfricaAgricultural Economics48(2), 241 259.
https://doi.org/10/f9zvmm

Ajani, E. N. (2014). Promoting the Use of Information and Communication Technologies (ICTs) for
Agricultural Transformation in SuBaharan Africa: Implications for Policyournal of
Agricultural & Food Information15(1), 42 53. https://doi.org/10/ggt3ss

Alabi, O. (2016). Adoption of Information and Communication Technologies (ICTs) by Agricultural
Science and Extension Teachers in Abuja, Nigelaurnal of Agricultural Educatiorb7(1),

137 149. https://doi.org/10/ggt3sp

Ali, A., & Rahut, D. B. (2013). Impact of Agricultural Extension Services on Technology Adoption
and Crops Yield: Empirical Evidenéem PakistanAsian Journal of Agriculture and Rural
Development3(11), 801812. https://doi.org/10.22004/ag.econ.198306

Ali, J. (2012). Factors Affecting the Adoption of Information and Communication Technologies
(ICTs) for Farming Decisionglournal ofAgricultural & Food Information13(1), 78 96.
https://doi.org/10/gg93c7

Atanga, S. N. (2020pPigitalization of Agriculture: How Digital Technology is Transforming Small
Scale Farming in GhanfMasters]. International Institute of Social Studies.
https:/thesis.eur.nl/pub/55705



Ayanwale, A. B., & Adekunle, A. (2008). Factors determining ICT adoption in rural smallholder
farms in southwestern Nigeridournal of Social Development in Afric23(2).
https://doi.org/10/fn6pdg

Ayim, C., Kassahun, A., Tekineodan, B., & Addison, C. (2020). Adoption of ICT innovations in
the agriculture sector in Africa: A Systematic Literature Reviggriculture & Food
Security 11(2).10.1186/s4006622-003647

Babcock, L. H. (2015Mobile Payments: How Digital Finance is Transforming Agricultgg.

Barrett, C. B., Christiaensen, L., Sheahisl., & Shimeles, A. (2017). On the structural
transformation of rural Africalournal of African Economieg6(suppl_1), i11i35.
https://doi.org/10/gbsrtd

BriceficGarmendia, C., Smits, K., & Foster, V. (200Bnancing Public Infrastructure in Sub

Saharan AfricaThe International Bank for Reconstruction and Development / The World
Bank
https://openknowledge.worldbank.org/bitstream/handle/10986/28238/\08AGv10P10Fisc
alOcostsOmaintxt.pdf?sequence=1&isAllowed=y

Bronson, K. (2018). Smart Farming: Including Rights Holders for Responsible Agricultural
Innovation.Technology Innovation Management Revi&®), 7 14. https://doi.org/10/ggt3s2

Carolan,M. (2018) 6 Smart 6 Far ming Techniques as Pol it/
Performance of Neoliberal and N8b-Neoliberal WorldsSociologia Ruralis58(4), 745
764. https://doi.org/10/gfgk23

Carolan, M. (2020a). Automated agrifood futures: Roboladmr and the distributive politics of
digital agricultureThe Journal of Peasant Studid3/(1), 184 207. https://doi.org/10/ggzndw

Carolan, M. (2020b). Automated agrifood futures: Robotics, labor and the distributive politics of
digital agricultureThe Journal of Peasant Studjek/(1), 184 207. https://doi.org/10/ggzndw

Cook, P. (2011). Infrastructure, rural electrification and developra@eat.gy for Sustainable
Developmentl5(3), 304 313. https://doi.org/10/ft3kjs

Deichmann, U., Goyal, A., & Mishr®. (2016) Will Digital Technologies Transform Agriculture in
Developing CountriesPolicy Research Working Papehstp://hdl.handle.nét0986/24507

Deutsche Gesellschaft fur Internationale Zusammenarbeit, Mercy Corps AgriFin, & Dalberg. (2021).
Digital Agriculture Platforms Bleuprint§Vhite PaperGIZ.
https://www.mercycorpsagrifin.org/wp
content/uploads/2021/01/GIZ_Dalberg_Blueprint_drilog-2021.pdf

11C


https://research.wur.nl/en/publications/adoption-of-ict-innovations-in-the-agriculture-sector-in-africa-a
https://research.wur.nl/en/publications/adoption-of-ict-innovations-in-the-agriculture-sector-in-africa-a
https://doi.org/10.1186/s40066-022-00364-7
https://openknowledge.worldbank.org/handle/10986/9
http://hdl.handle.net/10986/24507

Deutsche Gesellschaft fur Internationale Zusammenarbeit, Mercy Corps, Mercy Corps AgriFin, &
Dalberg. (2021)Digital Agriculture Platforms. Blueprints Dedpive ReportGIZ.

Digital in Ghana: All the Statistics You Need in 20@21021). DataReportdl Global Digital Insights.
https://datareportal.com/reports/digid21-ghana

Dixon, C. (2015)Rural Development in the Third WorlBoutledge.Abingdonron-
ThamesOxfordshire England UK. https://doi.orgl0.4324/9781315685755

Doss, C. (2001). How does gender affect the adoption of agricultural innovations? The case of

improved maize technology in Ghamggricultural Economics25(1), 27 39.
https://doi.org/10/c8rh38

Duncan, E., Abdulai, AR., & Fraser, ED. G. (2021). Modernizing agriculture through digital
technologies: Prospects and challengtzsidbook on the Human Impact of Agriculture
https://www.elgaronline.com/view/edcoll/9781839101731/9781839101731.00018.xml

Duncombe, R. (2016). Mobile phones &gricultural and rural development: A literature review and
suggestions for future researditine European Journal of Development Resed28(2), 213
235. https://doi.org/10/f8gc3m

Eastwood, C., Klerkx, L., & Nettle, R. (2017). Dynamics and distributfgsublic and private
research and extension roles for technological innovation and diffusion: Case studies of the
implementation and adaptation of precision farming technologesnal of Rural Studies
49, 1i 12. https://doi.org/10/f9qdfx

Ekekwe, N. (20T, May 18).How Digital Technology Is Changing Farming in Afriddarvard
Business Review. https://hbr.org/2017/05/hdMgital-technologyis-changingfarming-in-
africa

Emeana, E. M., Trenchard, L., & Dehnohmutz, K. (2020). The Revolution of Mobile Plon
Enabled Services for Agricultural Development&gri Services) in Africa: The Challenges
for Sustainability Sustainability 12(2), 485. https://doi.org/10/ghgbm9

Emmanuel, D., Owustekyere, E., Owusu, V., & Jordaan, H. (2016). Impact of agricultural
extension service on adoption of chemical fertilizer: Implications for rice productivity and
development in Ghan&dlJAS- Wageningen Journal of Life Sciencés, 41i 49.
https://doi.org/10.1016/j.njas.2016.10.002

Etwire, P. M., Buah, S., Ouédraogo, M., Zouwé, R., Partey, S. T., Martey, E., Dayamba, S. D., &
Bayala, J. (2017). An assessment of mobile pHmased dissemination of weather and market
information in the Upper West Region of GhaAgriculture & Food Security6(1):8-16.
https://doi.org/10/ghftb

111


https://www.google.com/search?rlz=1C5CHFA_enCA767CA767&sxsrf=ALiCzsZU7ZJkqvUxc9iGbI64JbnDkf--4g:1653429199960&q=Abingdon-on-Thames&stick=H4sIAAAAAAAAAONgVuLUz9U3MDRJTjFZxCrkmJSZl56Sn6cLRCEZibmpxQDUu0aLIgAAAA&sa=X&ved=2ahUKEwjCwv_gj_n3AhXIVc0KHfHPB0kQmxMoAnoECGAQBA
https://www.google.com/search?rlz=1C5CHFA_enCA767CA767&sxsrf=ALiCzsZU7ZJkqvUxc9iGbI64JbnDkf--4g:1653429199960&q=Abingdon-on-Thames&stick=H4sIAAAAAAAAAONgVuLUz9U3MDRJTjFZxCrkmJSZl56Sn6cLRCEZibmpxQDUu0aLIgAAAA&sa=X&ved=2ahUKEwjCwv_gj_n3AhXIVc0KHfHPB0kQmxMoAnoECGAQBA
https://www.google.com/search?rlz=1C5CHFA_enCA767CA767&sxsrf=ALiCzsZU7ZJkqvUxc9iGbI64JbnDkf--4g:1653429199960&q=Oxfordshire&stick=H4sIAAAAAAAAAONgVuLSz9U3yCoxrUrOW8TK7V-Rll-UUpyRWZQKAI004wwcAAAA&sa=X&ved=2ahUKEwjCwv_gj_n3AhXIVc0KHfHPB0kQmxMoA3oECGAQBQ
https://www.google.com/search?rlz=1C5CHFA_enCA767CA767&sxsrf=ALiCzsZU7ZJkqvUxc9iGbI64JbnDkf--4g:1653429199960&q=England&stick=H4sIAAAAAAAAAONgVuLQz9U3MMqqMFzEyu6al56TmJcCALMnJfIWAAAA&sa=X&ved=2ahUKEwjCwv_gj_n3AhXIVc0KHfHPB0kQmxMoBHoECGAQBg
https://www.google.com/search?rlz=1C5CHFA_enCA767CA767&sxsrf=ALiCzsZU7ZJkqvUxc9iGbI64JbnDkf--4g:1653429199960&q=UK&stick=H4sIAAAAAAAAAONgVuLQz9U3MC8uTl7EyhTqDQBuxFlpEQAAAA&sa=X&ved=2ahUKEwjCwv_gj_n3AhXIVc0KHfHPB0kQmxMoBXoECGAQBw

Evans, O. (2018). Digital Agriculture: Mobile Phones, Internet and Agricultural Development in
Africa. Actual Problems of Economica 8, 76 90. https://mpra.ub.uni
muenchen.de/90359/1/MPRA_paper_90359.pdf

FAO. (2019).Digital technologies iragriculture and rural aread Status report152.
http://lwww.fao.org/3/ca4985en/ca4985en.pdf

Food and Agriculture Organization of the United Nations. (20&8hder and ICTs: Mainstreaming
Gender in the Use of Information and Communication Technologies)(fQTAgriculture
and Rural DevelopmentN. https://doi.org/10.18356/f02215&h

GSM Assaociation. (2020)'he mobile economy Si@&aharan Africa 2020GSM Association.
https://www.gsma.com/mobileeconomy/Avp
content/uploads/2020/09/GSMA_MobileEconomy2020_SB/g.pdf

GSMA Association. (2021 5SMAI Connected WoménThe Mobile Gender Gap Report 20gil
63). GSM Associatiorhttps://www.gsma.com/r/wpontent/uploads/2021/06/T+Mobile-
GenderGapReport2021.pdf

KC, K. B., Pant, L. P., Fraser, E. D. G., ShnestP. K., Shrestha, D., & Lama, A. (2016). Assessing
links between crop diversity and food selffficiency in three agroecological regions of
Nepal.Regional Environmental Chang&5(5), 1239 1251. https://doi.org/10/ghv6hj

Kc, K. B., Seng, R., & Fraser, E. (2019). Sho
willingness to adapt to environmeheteal chan
Management and Ecolog®6(3), 211 223. https://doi.org/10/gpg3tv

Kieti, J., Waema, T. M., Baumdiller, H., Ndemo, E. B., & Omwansa, T. K. (2022). What really

i mpedes the scaling out of digital service
Smart Agricultural Technology, 100034. https://doi.org/10/gn95x9
Kilic, T., Winters,P. , & Carl etto, C. (2015). Gender and

Introduction to the special issue.Agricultural Economicg6(3),281 284.
Kim, J., Shah, P., Gaskell, J. C., Prasann, A., & Luthra, A. (2&aJing Up Disruptive
Agricultural Technologies in AfricaThe World Bank. https://doi.org/10.1596/9781648
15225
Klerkx, L., Jakku, E., & Labarthe, P. (2019). A review of social science on digital agriculture, smart
farming and agriculture 4.0: New contributions and a future researcdadEIAS-
Wageningen Journal of Life Scienc@6i 91, 100315. https://doi.org/10/gg7vs6

112



Lambrecht, I., Schuster, M., Samwini, S. A., & Pelleriaux, L. (2018). Changing gender roles in
agriculture? Evidence from 20 years of data in GhAgacultural Econanics 49(6), 691
710. https://doi.org/10/gfpzw5

Lehmann, R. J., Reiche, R., & Schiefer, G. (2012). Future internet and tHeabsector: Statef-
theart in literature and researdBomputers and Electronics in Agricultyi&9, 158 174.
https://doi.or@gl0/ggt3tm

Magesa, M. M., Michael, K., & Ko, J. (2014 ccess to Agricultural Market Information by Rural
Farmers in Tanzanidnternational Journal of Information and Communication Technology
Researcld(7), 11.

Munyua, H., Adera, E., & Jensen, M. (200Binerging ICTs and their potential in revitalizing small
scale agriculture in AfricdAALD AFITA WCCA200811.
https://www.cabi.org/gara/FullTextPDF/2008/20083298152.pdf

Mwaura, F. (2014). Effect of farmer group membership on agricultural technologyaadapt! crop
productivity in UgandaAfrican Crop Science Journét2, 917 927.

Osabuohien, E. (2020). The Palgrave Handbook of Agricultural and Rural Development in Africa.
Palgrave Macmillan10, 978 3.

Rose, D. C., & Chilvers, J. (2018). Agriculture 4Byoadening Responsible Innovation in an Era of
Smart FarmingFrontiers in Sustainable Food Systemtps://doi.org/10/ggt3wr

Rotz, S., Gravely, E., Mosby, I., Duncan, E., Finnis, E., Horgan, M., LeBlanc, J., Martin, R., Neufeld,
H. T., Nixon, A., Pantl_., Shalla, V., & Fraser, E. (2019). Automated pastures and the digital
divide: How agricultural technologies are shaping labour and rural commuadigsal of
Rural Studies68-112-123. https://doi.org/10/ggkjzk

Ruttan, V. W. (1996). What HappenedTiechnology AdoptiorDiffusion Research3ociologia
Ruralis 36(1), 51 73. https://doi.org/10/cwtpm4

Sodiya, C. |., LawaAdebowale, O. A., & Fabusoro, E. (2008). Effect of Private and Public
Extension Services on Adoption of Promoted Cas$®ased Technolgies in Ogun State,
Nigeria.Journal of Agricultural & Food Information8(1).
https://doi.org/10.1300/J108v08n01_05

Speijer, T. (2016)Agrarian transformations in Ghana: Exploring changes at the level of gender
relations https://edepot.wur.nl/386404

Suo, T., Koech, P., Chumo, C., & Chepng, ©6eno

adoption of improved agricultural technologies among women in Marakwet County Kenya.

11¢



Journal of Emerging Trends in Economics and Management Scj@&igs312 317.
https://doi.org/10.10520/EJC126579

Sundmaeker, H., Verdouw, C., Wolfert, S., & Freire, L. P. (2016). Internet of Food and Farm 2020.
In Digitising the Industrg Internet of Things Connecting Physical, Digital and Virtual
Worlds.(p. 24). River Publisher®Benmark

Tata, J., & McNamara, P. (2016). Social Factors That Influence Use of ICT in Agricultural Extension
in Southern AfricaAgriculture 6(2), 15. https://doi.org/10/ggt3st

Technical Centre for Agricultural and Rural Cooperation. (2018¢. Digitalisation Of African
Agriculture Report 201182019 CTA. https://hdl.handle.net/10568/101498

Tsan, M., Totapally Sweth&ailu Michael, & Addom, Benjamin K. (2019)he digitalisation of
African agriculture report 201-2019: Executive summargTA/Dalberg Advisers.
https://cgspace.cgiar.org/bitstream/handle/10568/103198/Executive%20Summary%20V4.5%
200NLINE.pdf?sequence=1&dlowed=y

Wossen, T., Abdoulaye, T., Alene, A., Haile, M. G., Feleke, S., Olanrewaju, A., & Manyong, V.

(2017). Impacts of extension access and cooperative membership on technology adoption and
household welfarelournal of Rural Studie$4, 223 233.
https://doi.org/10.1016/j.jrurstud.2017.06.022

Xie, L., Luo, B., & Zhong, W. (2021). How Are Smallholder Farmers Involved in Digital Agriculture
in Developing Countries: A Case Study from Chiband 10(3), 245.
https://doi.org/10/gnc9ft

114


https://hdl.handle.net/10568/101498

5.0 Beyond Transformations: Agricultural digitalization and the changing practices of rural
farming in Northern Ghana, West Africa

5.1Prefaceto Chapter Five

Following the call made in Chapter Tvemdacross all the presling chaptersto explorethe
contextuaimplicationsof digitalizationdue to the potential politicedconomic concernshis
Chapterexamineshe everydaghangedynamics of digital agriculture in rural smallholder system
This manuscripexaminesf digitalization thus leaslto change in farmingracticesandwhat
mechanisms such changes manifése chapter aims to provide base information for further
research on any potential impacts that may emanate from digitaliz&uioring changing
practicesaims to ascertainvhat livelihood processes are likely to be affected by digital innovations

and, by extensionyho may be advantaged or disadvantaged

Still drawing on thesurvey data in ChaptefThree and Fourthis chapterntroduces
qualitativeinterviews and focus groums answeringhetwo question of interest 1) how do rural
farmers perceive digitalizatioregardingchangingfarming andlivelihoods? And II) how do
agricultural digitalization services cause change ta#iholder farming at therimary level?l make
a theoretical turn from political economy to an explicit social practice approach to understanding
rural change to answer these questio8pecifically, following social practice theorigRapke &
Christensen, 2013; Schatzki, 2002; Warde, 20lLB)troduce and conceptualize farming and digital
agriculture as a social practice that rural farmers perform as pdtheireverydayives | then
employ this conceptualization to show that rural farmers perceive digitalization as a mechanism that
changegheir farming activities through alterations to planning season, choosing planting crops,
planting decisions and &uities, everyday farm care practices, harvesting activipestharvest
managementand marketing and sale activities. Furthermdrshowthat farmersmundane
engagement with mobile or agdrased digitalizations changing the everyday dynamics ofal
farming by reshaping the definition of farming, what and how farmers do activities and relationships

in smallholder systems.

Like theprevious chapterghis chaptelis anexpansiorof the growing literatureon the
socialimplicationsof digitalizatian in Agriculture(Klerkx et al., 2019; Rotz et al., 2019)
Specifically, my conception and application of social practices introduce this social theoretical
ontology of change into how we assess and understand digitalization as a potential transformative
phenanenonwithin smallholder Agri)cultureasdefined by th sociopolitical-economiaealities. I,

therefore, open space for further engagement with social practices in the gromigrgst in
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unpacking the embeddedmp | i cat i ons of digital i zhatgingamd, i n
how? And who gains doses from such changes?
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5.3 Abstract

In the nascent agriculturaligitalization literature, the dynamics of how digitalization may
change everyday farngrpractices remain underexplored, especially in smallholder farming
systems. Here, we employ a mixeethod approach (1565 surveys, 16 focus group discussions, and
22 interviews) taasses$iow digitalization reshapes the routines of rural smallholders through a
social practice theory lens, where digitalization becomes the unfolding constellations of digitally
enabled everyday activities in farming. We used farmers' pgoos and experiences with digital
services in Northern Ghana to show that mundane digital technologies are changing farmers'
routines. First, we show a general affirmative perception among diverse farmers that digitalization
changes farming practices andral livelihood activities. Secondly, the information delivered
through mobile advisories or services rendered through digitalization introduces new patterns of
actions in seasons plannings, how and when farmers plant, undertake husbandry activitesst, har
market, and sell outputs. Hence, no matter how mundane agricultural digitalization manifest, they
potentially reshape the definition of farming, what and how farmers do activities, and relationships
in smallholder systems. Ultimately, we argue thgttdlization redefines rural life and communities
by re-patterning farming activities, altering the routines and rhythms of farmers' daily lives and
usingspace and time to achieve their goals. Our paper, as we know, is the first attempt to examine
the saial dimensions of digitalization through an explicit practice lens, and more so to directly do so
in the context of smallholder farming systems in Africa. Hence, we have shifted the discourse from
the overemphasis on transformations and disruptions ¢ving the space fomterest inpossible

changes to mundane everyday practices.

Keywords: Digitalization; Social practices; rural change; smallholder farmers; Africa

5.4Introduction

As noted aboven the previous chaptersxistingstructural inequalities in access to resources
and competencies may undermine digitalizatldawever,a broad literature stilbelieves these tools
are likely to change farming practic&safolan, 2017aBut, 1) how do farmers perceive
digitalization onchanging rural livelihoods and farming practicésf Il) how do agricultural

digitalization services cause change to smallholder farming atitnary level? We use the social



practices approadhstudy of the unfolding constellations of everyday aggsit to explore these
guestions within digital agriculture services use cases in African rural smallholder systems. It is well
documented that previous technological breakthroughs disrupted and transformed farming activities
t cauta@mate previously manuala s ks and cr e a {Bear & ldollowdy,201K)Bor o f | i
instance, the introduction of tractors, irrigation, planters, and harvesters changed agriculture's labour

demandsad the timespace rhythms of farming.

Consequently, emerging digital tools, such as robots, drones, mobile phones, and Al, are
anticipated tahange furthefarming activitiegCarolan, 2017b, 2020a; Holloway & Bear, 2017;
Vasconez et al., 2019 he introduction of robat milkers is also noted to alter the secigtural
values around cattlemanship and the relationships between farmers and {idoiloegay & Bear,

2017) Bear andk Holloway (2015 ) arguedth&v en t he very O0ostensibly
innovationscanconsiderably change what ittiso a0 bfea ryenehere i6 limited literature to
understand how digital innovations alter the everyday practices of fafgeer€arolan, 2020b;

Holloway & Bear, 2017; Vasconez et al., 20183pecially in rural smallholdéarming systems.

Thus, this paper examines how digitalizatitre use of any form of digital technology to aid

farming processeslters the performance of rural smallholder farming in Africa and Ghana in

particular.

In 2019, theDigital technologies in griculture and rural areas Status repor{FAO, 2019)
emphasized the growing apgation of many digital tools, including mobile advisories, precision
advisories, satellite imagery, blockchains, and drones in many aspects of rural activities. Two reports
released by GIZ and partners in 2qREkutsche Gesellschaft fur Internationale Zusammenarbeit,
Mercy Corps AgriFin, et al., 2021; Deutsche Gesellschatt fir Internationale Zusammenarbeit, Mercy
Corps, et al., 20218Iso emphasized how digital tools and services are becoming embedded in and
changing everyday rural activities in Africa. Similar reports on the subject can be found from the
World Bank(Kim et al., 2020) GSMA Associatio(GSM Association, 2020}the African Union
(African Union Commission & OECD, 2021and many other organizations. In all these reports, the
common theme is the emergence of a new potentially transformative technology and phenomena
rapidly penetrating and changing the fibre of farming and rural communities. Whether these
technologies would become transformative is yet to be fully understood. Nonetheless, digital tools
and services, whether in the form of mobile advisories, marketpltaren management systems, or
precision systems, could potentially alter the practices of smallholdeioagractorgFabregas et
al., 2019; Tsan et al., 2019)
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Hence, this paper employs a mikmethod approach. We combine surveys with qualitative
interviews and focus group discussiamsexploringhow rural farmers perceive and experience
changes to their activities as they engage with digital services. We show that mundane digitalization
through mobilebased agronomic, climate information and market connection services reshapes the
time-space orgaization of farmer8activities. The paper proceeds as follows in the next section; we
introduce social practices #s unfolding constellations of everyday activitigs set the theoretical
guidanceor this paper. We then review prior literature onitdiigation and changing (social)
farming practicesThe materials and methods section then outlines our study cases and the elements
of our mixedmethod approach. We then present our results and findings in two key thematic areas;
1) farmer perceptions @hanging farming practices; and 2) how digital information and services are
changing smallholder practices. The discussion offers insights into digitalization as a transition in the
everyday practices of smallholder farming. We end with a conclusiosuhanharizes the essential

findings and reflects on the novel contributions of our work.

5.5 Background

5.5.1Digitalization and changingrural practices offarming

Social science perspectives on agricultural digitalization are growing, primarily quegtion
the sociecultural implications on sociefigee, for example, Bronson & Knezevic, 2016; Carolan,
2017a, 2020b; Eastwood et al., 2017; Klerkx et al., 2019; Rotz et al.,. Z&x@rding toKlerkx et
al. (2019) the social science research on digitalization converges around five key thematic areas; 1)
Adoption, uses and adaptation of digital technologies on the farm; 2) Effects ofizigjibal on
farmer identity, farmer skills, and farm work; 3) Power, ownership, privacy and ethics in digitalizing
agricultural production systems and value chains; 4) Digitalization and agricultural knowledge and
in- novation systems, and 5) Economics amhagement of digitalized agricultural production
systems and value chains. These and many more on thecstioi@l implications of agricultural
digitalization have been thoroughly explored in the existing litergtareeviews, see Klerkx et al.,
2019; Sam & Grobbelaar, 202T)his interest is also taken up in rural studies, including recent
paperdn this journal(Alam et al., 2018; Carolan, 2020c; Fraser, 2024rd@zi & Stock, 2021; Rotz
et al., 2019)Like much of the literature, these papers, which primarily reflect the Global North's
experiences, séefoundations for rural scholars to explore the interactions of agricultural

digitalization in rural spase However, our interest in this literature is understanding how



digitlization shapes and changes the everyday performance and social life of farmers in the often

neglected spaces of rural smallholder systems.

Like prior technologies, digitalization maypange farming routines and ultimately alter rural
dynamics and subjectivities in myriad wayzarolan, 2020b; Holloway & Bear, 2017; Sam &
Grobbelaar, 2021; Vasconez et al., 201%e introduction of automated systems such as robots and
dronescoulddrastc al | y al ter the basic activities huma
This change may involve the shifts from the current hamdgractices in farming to one that is data
driven and/or (semi)autonomo(Sarolan, 2017a; Driessen & Heutinck, 2015; Holloway & Bear,
2017; Rotz et al., 2019Mistorically, robots have been successfully employed in agriculture to
undertake the repetitive task to reduce workloads, reduce stress, optiotegsses, cost and
efficiencies in areas such as land preparation, irrigation, milking, and harvgirggan, 2020Db;
Driessen & Heutinck, 2015; Vasconez et al., 20T®ese processes not only (re)produce human
robot interactions but allLkewisq dstCaralan (2@19) putsnt,g 6 s v
these t dedpd i oedl d aéd mer s6 work routines in spe
continue to engage and are embedded in the (Agri)cultural fibres of different farming systems, it is

guintessential that we understand the kind of subjectivities and perfornhayamay engender.

However, the research on the dynamism between digitalization and farmer practices is
limited, especially in rural smallholder systems. Specificalla@® and Grobbelaar (20219te in
their review of the current field literature, there is still limited research on the changing farmer
routines emanating from digitalization. Meanwhile, different tools and services may engender diverse
forms of change. For example, while robotics could make farming less-band®bile advisories
are likely to reduce time spent on the farm without neségproviding similar routineltering
dynamics. Nonetheless, the literature in this area has focused mainly eantdigigital tools, such
as robots and dronéBriessen & Heutinck, 2015; Vasconez et al., 2018)s undesexploring other
forms of digitalization, such as simple mobile advisoriesrédver, these studies have primarily
been presentad Global North, where agricultural activities are capital intensive and more
industrialized. Yet, the supposed digital revolution is also anticipated and has already been
experienced in smallholder fang systems in SuBahara AfricdBaumiller& Kah, 2019; Ekekwe,
2017; Kliemann, 2020)

More importantly, digitalization, including mobile advisories, market platforms, and precision

advisories, will help smakcale farmerd upgr ad e 6 t h(Eliemaany2020pney f ar m
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revolutionize agr i c(Ddutsane Gesekbschaftdid lntsrnatiopaker andi é 0
Zusammenarbeit, Mercy Corps, et al., 2021, pSpgcifically, the routines and everyday activities

that make smallholder farming what it is could be altefed.exampleSalkovic et al. (2015)

showed in the case of Ghana that the use of Esoko (a call and SMS based weather and market price
plattorm)hass i gni fi cantly i nfl uenced commurachtonsandt ur e
relationships are enacted, e X p er Likewise,Bainettep er f o
al. (2019)found thatall farmers who participated in mobile nutrition and agriculture advisories in
Ghana acted on at leame of the advice to change specific agricultural practices. However, as
already noted, there is limited understanding of how the adoption and use of digital tools affect
smallholders' everyday routines. And one way to better understand these chgngimicd is to

explore the constitution of everyday social life (of farmifiggMillan, 2017; Schatzki, 2002)

Hence, this paper invests these issues through empirical studies on the perceptions and experiences
of digitalization and changing performances of everyday farming practices of smallholder farmers in
Northern Ghana. The focus on O&6pr acgsesmghew of f a

digitalization (could) alter the routines of farming and ultimately disrupt rural life.

5.5.2Theoreticalcontext: Socialpractices andeverydaydynamics

Social practices (or practices) may offer an approach to understanding how digitalization
(potentially) alters agriculture's dynamics. Although there is no unified definfiranticesare the
unfolding of constellations of everyday activiti@eldman & Worline, 2016)According to
Reckwitz(2002,p. 256, practices are the "routinized way in which bodies avead, objects are
handled, subjects are treated, things are described, and the world is understood." Practices "appear a
different locales and times and are carried out by different bodies/n{Rdskwitz 2002, p.250).
Practices entail the everyday temgny assemblages of acts filling space and time. Thus, practices
involve sets, nexus, or an array of human activities. This description is concisely captured in the
many works of Theodor&chatzki(Schatzki, 2001; Schatzki, 1997, 2002; Schatzki et al., 2005;
Schatzki & Schatzki, 1996)vhere practices are described as 'epeted spatialemporal manifolds
of actions' (2005, p. 77) spread out over otiye space and tim&chatzki, 2013)

I n setting out this definition of practice
and dispersed practices. Dispersed practices are the generic dalrsgg/amgs in everyday life.

These sayings and doings may manifest across different practices. Examples of such practices
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include speaking, O0describing, explaining, qu
(Schatzki,1996: p.91).

Integrated practesié co mpl ex practices found in and c
social life(1996, p. 98have been the central focus of the concept througheutillennium.
Examples of such practices include farming, cooking, and business practiSastdmable
Practices Warde (2013) explained eating as an interconnected and a compound practice.
Specifically, eating is at the intersection of several integrative pradmochsding nutrition, cooking,
the organization of meal occasions, and aesthetic judgments of taste. Each of these human activities
involves bodily doings and sayings integrated into the broader practice of eating. Similarly, Shove
(2003) described thistiegration when they put forward the concept of bundles of practices. Practices
that form a O6bundlebd are interrelated aspects
through being cdocated in a kitchen, an office or some other spatislermp or al idhcont ai
these cases, practices have a separate existence, the only shared aspect being that of time and/or
s p a (Pentzar & Shove, 2010,p.12) So, practices of different f
are performed across spaces and {iahatzki, 2013)And it is this aspect of practices tlaaeof

interest to us, i.e., farming as a dispersed practice.

Given these descriptions, every activity undertaken by a farmer is either a praetice or
constituent of a practice. For explm, a farmer calling a helpline to seek information is undertaking
an act of placing a call, but this act forms a part of the general practice of agriculture. Likewise, a
crop farmer who wakes up in the morning may spend some time on the farm spraydsg wee
applying fertilizer, or harvesting produces, each of which is practicedxastdseparately. The
collective timings of these activities or practices can be regarded as temporal rhythms that pattern
farmers' daily livegSoutherton, 2020)The time spent doing each of these practices can be
competitivewith other daily routines, such as eménment, family time, and social occasions.
Following this conception of farming as an integrative practice, a smallholder farmer's activities
becomea squeeze of practigelated injunctions of sequencing, coordination and personalized
scheduling(Shove et al., 2012yhen they interact with digital tools. A&apke and Christensen
(2013)posited, integrating digital technologies into everyday activities softens time and space
constaints by changing what, where, and how people undertake specific actions and the time used.
For instance, the introduction of smartphones and the internet makes it possible for people to
combine practices of reading news and other activities such asguaitboard a buRRigpke &

Christensen, 2013Hence how agriculture's specific activities and routines are altered through
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interactions with digitalization should loé interest in an increasingly transforming world. We,

therefore, loosely and conveniently conceive farming as a social practice integthtedlifferent

activities, including planning practices, planting procedures, husbandry practices, harvesting
prectices, and marketing practices. This conception provides a conceptual and analytical guide to our

results.

5.6 Materials and Methods

We employed a mixethethod approac{Clark & lvankova, 2015; Creswell & Creswell
2017) combining surveys, interviews and focus group discussions. We used this approach to explore
issues of changing practices within three use cases of digital solutions and services in Northern
Ghana (See Figure 1 and Table 1). Northern Ghana $tasng smallholder and rural agricultural
system that makes it a centre of interest to researchers in rural life and agr{cekupddulai et al.,
2017; Abdulai & Huffman, 2000; Nyantakyrimpong, 2014; Nyantakykrimpong & Bezner Kerr,
2017; Vercillo& Hird-Younger, 2019)Likewise, the region is home to many agriculbesed
NGOs and programs that offer farmers experiences with interventions. More importantly, the area
has had experiences of diverse digital agricultural innovations in recentyelings been a centre
of research on the subject in Ghdsee Etwire et al., 207; Hidrobo et al., 2021 hese
characteristics make the setting an excellent siagbnical environment for understanding

digitalizationds interactions with society.
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Figure 5.1 Research setting and communities
Source: Map prepared by Marie Puddister, University of Guelph.
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