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KEY TERMS & DEFINITIONS

Digitally-Enabled Agricultural Services (DEAS):  
Mobile phones and other digital tools that have been used to 
create agricultural services for farmers and other actors in order 
to access information, knowledge, financial services, markets, 
and farm tools. 

Evidence synthesis:  
The process of evaluating thousands of studies in order to 
determine what interventions have been tested with relevant 
populations, as compared to research and development 
that might be promising, but is ultimately unproven on the 
ground. Synthesis methods such as systematic reviews and 
scoping reviews are well established in the health sciences, 
but adaptation of those methods for fields like agriculture, life 
sciences, and environmental sciences pose complex challenges. 
These methods have not been well-codified for agriculture. 
(Porciello 2020). 

PRISMA-ScR protocol:  
PRISMA-ScR stands for Preferred Reporting Items for Systematic 
reviews and Meta-Analyses extension for Scoping Reviews 
(Triccio 2018). A PRISMA-ScR protocol defines the parameters 
of a study, including study population, geographies, research 
questions, and the evaluation process. The protocol for this work 
can be found in the study Annex. 

Systematic scoping review:  
This is a scoping review, which is designed to thematically 
characterize the extent, range and nature of existing evidence 
supporting a research area, and to document the main sources 
and types of evidence available. (Lockwood et al., 2019; Munn et 
al., 2018; Tricco et al., 2016). This comprises five steps described 
in the Overview of Methods section, identifying the primary 
research question; identifying relevant studies; study selection; 
extracting and charting the data; and collating, summarizing and 
reporting the results.(Arksey & O’Malley, 2005).
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EXECUTIVE SUMMARY

The more than 570 million family-run farms around the 
world play a vital role in contributing to 25% of their 
countries’ GDPs (Lowder et al., 2019). For many, the path 
out of poverty could come from unlocking the potential of 
the agricultural sector. This is possible through a process 
of structural transformation, and such transformation 
happens along a continuum— from the household and 
farm, through the commercial sector, up to the top levels 
of government (Christiaensen et al., 2011).

Identifying how and where innovations are across these 
sectors is essential if we are to fully understand the 
ecosystem in which digitally-enabled agricultural services 
are used. 

After reviewing thousands of studies, we can confidently 
say that most farmers are eager to enter the digital age 
and harness new technology to improve their livelihoods. 
Far from being passive consumers, the evidence shows 
that farmers are active agents who use, adapt and create 
information and services. In fact, nearly half of the studies 
that we assessed describe farmers transforming an 
existing service and making it more applicable for their 
own needs.

But they often face challenges in the use of such 
technologies. Basic infrastructure gaps, such as access to 
electricity or mobile phone networks are a major barrier. 

And some of the most active farmers—women—are 
disproportionately excluded from the benefits of 
digital technology and services, a disparity that is often 
compounded by overlapping social barriers such as 
education and poverty. 

Our synthesis of the literature uncovered many ways 
in which innovative farmers and service providers are 
overcoming these challenges. 

The evidence overwhelmingly shows that working 
with farmers and service providers as partners in the 
development and roll-out of digitally-enabled agricultural 
services (DEAS) leads to more sustained use. 

Another strategy for success is leveraging the power of 
social networks. Be they virtual or real-life, social networks 
are turnkeys for innovation and digital transformation. 

When farmers learned about services as part of a social 
network, or when their social network used a particular 
service, continued use of the service was much greater.

What did we learn about the status of digital 
agricultural research?

In this scoping review, which identified more than 7,000 
papers about digitally-enabled agricultural services in 
Sub-Saharan Africa, Latin America and Southeast Asia, and 
incorporated 315 for closer assessment, we found a lack 
of quality, empirical data to draw conclusions about actual 
use and outcomes. Most of the evidence is clustered to just 
a few countries, and analysis is limited to looking at the 
impacts on individuals. 

In order to realize the potential of existing and emerging 
technologies, we must have a well-rounded, well-informed 
picture of the entire landscape in which farmers and 
suppliers are operating. To do so, we need better quality 
and quantity of data, starting with basic demographics, 
such as sex, age, and education levels of study participants. 
There were significant gaps in evidence, including data 
about environmental impacts, resilience and gender 
outcomes for certain services.

Standardized assessment language, practices and 
guidelines will be an important step for the future of digital 
agriculture to build a more focused and results-oriented 
community.

More data is also critically needed from commercial 
services and suppliers. These enterprises provide crucial 
and inextricable links, and we need empirical evidence 
about their operations, challenges and opportunities.

We found that research continues to track technical 
approaches that emphasize outcomes focused on 
agriculturally-led growth at the household and farmer level. 
And, as progress continues on this front, we will also need 
to find ways to ensure that the promise of digital agriculture 
to change social, political and research landscapes is met.

While there is clear alignment that the future of agriculture 
will be digital, there is a lack of high-level messaging about 
the transformation that is needed to move digital from a 
collective aspiration to a collective priority. 
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AT-A-GLANCE STATUS OF DIGITAL
AGRICULTURAL RESEARCH

Research is on the rise. More than 50% of 
the included studies were published in the 
past three years, with the full range covering 
2000-2020. (Figure 4)

Despite small-scale producers being the most 
studied population (88% of all studies), less 
than half of studies collected participant data, 
such as sex, age, or education. 

The majority of studies are focused on 
providing farmers with digital advisory & 
extension services (76%). 

Phone calls supported by text messages are 
the most commonly-analyzed modalities to 
deliver digitally-enabled agricultural services, 
followed by a phone call, text message and 
video combination. (Table 4)

More than 50% of DEASs feature some kind 
of human support, such as a phone call with a 
live person or in-person support. 

The next phase of digital agriculture relies on 
datatifi cation and investment in a data infrastructure 
and digitally-enabled environments. The work of 
datatifi cation should not be underestimated. While 
connectivity continues to be a major barrier, many other 
questions remain at the forefront regarding data-sharing 
and data road-maps that will connect the dots between 
what is in place and what needs to happen for this sector 
to be truly connected. We do not need to wait for these 
connectivity and hardware challenges to be solved before 
we create responsible policies of how data will be shared. 

If we hope for more data sources to become global, 
open data services that will achieve maximum benefi t for 
partners, then working working groups to establish and 
prioritize data collection, governance and privacy should 
become an immediate priority. We must also fast-track 
a collaborative research agenda to design, coordinate 
and integrate measurement and indicator frameworks 
that are directly linked with formal and informal training 
programs and real-world research opportunities. 

When it comes to digital agriculture and digital 
technology, the world suddenly becomes a much smaller 
place. Rural-urban issues are just as applicable to farmers 
across Europe, North and South America, and Australia 
as they are for farmers in Southeast Asia, the Middle East 
and Sub-Saharan Africa. Globally, farmers are united by 
what happens next when it comes to big-tech privacy and 
data-sharing agreements and regulations. These issues, 
while not yet front and center in many of the geographies 
reviewed in this paper, will increase in relevancy as 
digitally-enabled services continue to expand. There is 
strong evidence to suggest that the questions guiding the 
future digital agriculture unite us more than divide us.

FIGURE 1: NUMBER OF ARTICLES BY COUNTRY SERVICE TYPES BY COUNTRY

1 20 30 40 50

Just seven countries
represent more than 75% of 
the published evidence in our 
dataset:  India, Kenya, Ghana, 
Uganda, Indonesia, Nigeria and 
Tanzania. India has the most 
studies represented, due in part to 
India’s early interest in using digital 
technologies to support its already 
active advisory and extension 
services and the general geographies 
where academic and development 
researchers work.
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KEY TAKEAWAYS

1. Innovative programs are failing to reach scale 
because the platforms, infrastructure, and 
data-sharing services are not in place to fuel 
their growth. Due to weak infrastructure and 
limited resources, many of the barriers to DEAS 
use are basic: access to electricity; mobile phone 
and internet network connectivity; and technology 
interoperability. But the solutions are far from 
basic—they will require a process of structural 
transformation at all levels, from the household and 
farm, through the commercial sector, up to the top 
levels of government. 

2. Digital agriculture needs to be better integrated 
in research and development agendas. There 
are high hopes for the future of digitally-enabled 
services, yet it is often still treated as a separate 
area of research. We need to change the tenor to 
recognize how much digital agriculture will continue 
to change social, political and research landscapes. 
We do not need to wait for the connectivity and 
hardware challenges to be solved before we create 
responsible policies of how data will be shared. 
We should also re-evaluate current focus on digital 
technologies in agricultural development to ensure 
they are not overly technically-deterministic, 
optimistic or, conversely, only focus on doomsday 
scenarios. 

3. Measurement and indicators frameworks are 
needed to improve minimum standards of data 
collection and reporting. There is not enough 
quality, empirical data to draw conclusions about 
actual use and outcomes from digitally-enabled 
agricultural services. In order to realize the potential 
of existing and emerging technologies, we must 
have a well-rounded, well-informed picture of the 
entire landscape in which farmers and suppliers are 

operating. To do so, we need a better quality and 
quantity of data, starting with basic demographics, 
such as sex, age, and education levels of study 
participants. Moreover, standardized assessment 
language, practices and guidelines will build a 
more focused community, incorporating elements 
of behavioral science and decision-making, user-
centered design, or other social science practices into 
their studies. Standardized assessment language, 
practices and guidelines, similar to those that exist 
in medicine and health sciences, can be valuable 
resources for the community to draw on.

4. We need to involve users in DEAS development 
in order to address gender and social disparities. 
Farmers are continuously modifying existing services 
for their own needs. The evidence overwhelmingly 
shows that working with farmers and service 
partners as partners on digitally-enabled agricultural 
services development and roll-out leads to more 
sustained use and develops culturally sensitive DEAS. 
One pathway for better and more inclusive design is 
to leverage the power of social networks.

5. Swift action is needed to address climate 
and environmental evidence gaps. There is an 
alarming lack of evidence of services that support 
more than incremental monitoring of environmental 
sustainability and climate resiliency. We provide a 
deep-dive on this topic in the Impact section. 

6. We need research partnerships with businesses. 
The lack of commercial services and supplier data 
creates a ripple effect on the ability to evaluate 
DEAS as an ecosystem. Commercial enterprises 
provide crucial and inextricable links, and we 
need empirical evidence about their operations, 
challenges, and opportunities. 
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Today, more than 80% of Kenyans use 
and access mobile payments for a variety of 
services (National Bureau of Statistics Kenya 
& Central Bank of Kenya, 2019). Among them 
are many farmers, who were given incentives 
to participate. The transformation to digital 
banking was made possible by a strong mobile 
communications network infrastructure, bank 
buy-in, supportive government policies, and 
consumer protection practices. 

Whether we call it the fourth agricultural revolution, smart 
farming, precision agriculture or Agriculture 4.0, digital 
technologies are transforming farming. They have changed 
current farmer practices, values and identities (H. Barrett & 
Rose, 2020).

Mobile phones and other data-enabled services have 
increased access to information, knowledge, fi nancial 
services, markets, and farm tools for millions of farmers 
worldwide. Small-scale producers use an array of digital 
tools, ranging from data-based crop management to mobile 
phone-based banking. These tools have successfully reached 
even the remotest populations and have attained some 
incredible achievements.

However, many of the promises of digitally-enabled 
agricultural services have yet to be met. The pace at which 
digital technology has been used in agriculture has been 
slower than expected because of a number of underlying 
factors that need to be in place before digital agriculture 
can realize its full potential, such as equity and equality 
of access to technology, electricity and mobile networks 
(Garba, 2019). In Sub-Saharan Africa, for instance, only 
47% of the population has access to electricity, and mobile 
phone connectivity has yet to reach critical mass in many 
areas around the world (GSMA Mobile Connectivity Index,  
2020). And, even when they do have access, small farms are 

INTRODUCTION

FIGURE 2: Mobile service penetration by region

reported to have overall slower services than those of large 
farms: less than 40% of small farms (<1ha) receive either 3G 
and 4G services (Mehrabi et al., 2021). 

Digital agriculture also relies on data sharing, and cannot 
exist without the capacity of systems to transmit data 
with other enabled systems. The increasing exchange of 
data poses technical and social challenges for actors at 
all levels—farm-level, agribusiness suppliers and owners, 
governments, and intergovernmental organizations—and 
raises questions about intellectual property, data ownership 
and privacy (Klerkx et al., 2019).

MOBILE PHONE PENETRATION 

In Latin America, these numbers are 68% 

and 55%, respectively, and 66% and 

48% in Asia-Paci�c (GSMA 2020). 

ASIA-PACIFIC

LATIN AMERICA

Mobile phone penetration in 
sub-Saharan Africa is around 45%

26% of the 

population has a phone 

that is data-enabled;

*Data from GSMA 2020. 
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The market sector in many low and middle economies is 
informal and comprises primarily small- and medium-size 
enterprises (Liverpool-Tasie, 2020). This limits the extent 
to which platforms, block-chain and precision agriculture 
services that have been designed for large farms and 
businesses can be seamlessly introduced in low- and 
middle-income countries (Klerkx, 2020; Totin et al., 2020). 
For instance, a 2020 report published by the World Bank 
found that 85% of all of the payments received in sub-
Saharan Africa for agricultural products were cash-based 
and person to-person, with the percentages varying country 
by country. There may be untapped opportunities for 
informal service providers to work together to share data 
in an effort to provide farmers with more cost-effective 
‘bundled’ services.

Data-sharing also requires a willingness of those who 
have data to share it with others. Yet little research has 
been focused on the concerns of farmers about sharing 
agricultural data, how it is collected, used and reused.
(Wiseman et al., 2019) 

A pivotal moment in the field of digital agriculture came in 
2011, when the World Bank launched  “ICT in Agriculture: 
Connecting Smallholders to Knowledge, Networks, and 
Institutions” a resource designed to support practitioners, 
decision-makers and development partners who work at 
the intersection of ICT (information and communication 
technologies) and agriculture. Since then, ICTs have 
expanded to encompass all digital technologies and the 
applications have broadened to cover entire food systems. 
This has opened up more spaces for DEAS, especially over 
the past decade.  

A number of high-profile reports have been produced in the 
past five years that are helping to catalyze private and public 
investments in order for farmers to benefit from digital 
agriculture. But many of them lack empirical evidence.

Other papers, including a 2020 review of high-level policy 
documents on digital agriculture from The World Bank, 
the UN Food and Agriculture Organization (FAO), and the 
Organization for Economic Cooperation and Development 
(OECD) have found that the dominant narratives of digital 
agriculture focus on the role of developing technologies 
that can be used to increase food production, and 
prioritizing maximizing food output through technology 
(Lajoie-O’Malley et al., 2020). 

The goal of the Agriculture in the Digital Age scoping 
review is to capture, classify, and annotate—to 
the fullest degree possible—the research on digital 
interventions in agriculture, using peer-reviewed 
studies and other carefully selected sources, in order 
to help funding organizations determine priorities for 
further programming and research based on gaps in 
the evidence. 

More than 7,000 papers identifying digitally-enabled 
agricultural services in Sub-Saharan Africa, Latin America 
and Asia were evaluated as part of this study, and a 
selection of 315 were included for our assessment of how 
the proliferation of digital technology and data analytics 
impacts small-scale farmers and agricultural service 
providers in low- and middle-income. 

Among the questions we sought to address:

 ■ What is the quality of evidence describing the 
impact and effectiveness of digitally-enabled farmer 
services models?

 ■ What are the various digitally-enabled service types 
for agriculture, and what has been made available 
to farmers?

 ■ What are the outcomes measured by these 
service types?

 ■ What are the facilitators and barriers to use of these 
service types, and how to do they contribute to an 
uptake in use?

Given this expansive scope, we organize the body of 
knowledge in this report as shown in Figure 5. This 
conceptual framework includes three taxonomies: Service 
Types, Outcomes, and Use Facilitators and Barriers, 
which we describe prior to sharing our high-level findings, 
followed by a summary of the Evidence Gaps, and 
Recommendations. 

Given that our dataset is comprised of a variety of 
empirical and grey literature sources, the service types 
taxonomy we use to categorize our work may be distinct 
from those in other recently released landscape reports, 
such as The Digitalisation of African Agriculture Report 
2018–2019 or the Future of Food: Harnessing Digital 
Technologies to Improve Food System Outcomes, (Future 
of Food, n.d.; Tsan et al., 2019) as explained in our 
Overview of Methods.

A DIGITAL ADDENDUM TO 
THIS DIGITAL STUDY
We make reference to 315 studies 
that have been evaluated as part of a 
data extraction process (described in 
Overview of Methods). These studies 
can be explored in more detail on 
the website.

On the website, studies can be 
explored by various characteristics 
presented in this study, such as 
service types, outcomes, individual use 
facilitators and much more.
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OVERVIEW OF METHODS

Evidence synthesis is the process of evaluating thousands 
of studies in order to determine what interventions have 
been tested with relevant populations, as compared to 
research and development that might be promising, 
but is ultimately unproven on the ground. It is designed 
to avoid the reporting of anecdotal or opinion-based 
information where the underlying data and methods 
are not transparent and reproducible. As a result, many 
potentially interesting, but ultimately unevidenced, studies 
are removed from the dataset.

There are many types of reviews that fall under the broad 
umbrella of evidence synthesis. This is a scoping review, 

FIGURE 3: Aims of a scoping review

which is designed to thematically characterize 
the extent, range and nature of existing evidence 
supporting a research area, and to document the 
main sources and types of evidence available. 
(Lockwood et al., 2019; Munn et al., 2018; Tricco 
et al., 2016).

We followed the guidelines of a PRISMA-P protocol 
for this study (included in Annex). This comprises 
five steps: identifying the primary research question; 
identifying relevant studies; study selection; extracting 
and charting the data; and collating, summarizing and 
reporting the results. (Arksey & O’Malley, 2005).

AIMS OF A SCOPING REVIEW

Provide 
indicators 
of topics for 
subsequent 
systematic 
reviews.

To examine a broad 
area of knowledge,  and 
identify gaps in the 
research/knowledge base.

1
To report on 
the types of 
evidence 
that are 
published
in a certain 
�eld.

5
To clarify and 
map key 
concepts/ 
de�nitions 
underpinning 
a research 
area.

3
To examine the 
conduct of 
research on a 
certain topic 
(so as to inform 
the design of 
future research
studies). 

7

2
To clarify working 
de�nitions and/or the
conceptual boundaries 
of a topic.

4
To examine emerging evidence 
when it is still unclear what other, 
more speci�c questions can be
posed and valuably addressed.

6

Adapted from  Lockwood et al., 2019
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PRIMARY RESEARCH QUESTION
What is the spectrum of evidence regarding 
digitally-enabled services for agriculture, and what 
are the outcomes  that have been reported in the 
published literature? 

SECONDARY RESEARCH 
QUESTIONS

 ■ Can we begin to identify which discrete datasets 
are most frequently used to inform digital 
farmer services? 

 ■ How do we characterize the impact of digital 
agriculture services and tools on heterogeneous 
populations and outcomes that fall under the 
broad category of “small-scale producers”? 

 ■ What are the opportunities to characterize digital 
agriculture’s impact on nutrition, income, inclusion, 
productivity and resiliency outcomes? What are 
some of the best studies that measure them, and 
what are the opportunities for reproducibility?  

 ■ What are the innovation strategies (e.g. 
interventions) detected in the dataset, and how do 
those seem to correlate to outcomes and indicators? 

 ■ Where do we see evidence of outcomes that are 
related to using data to make decisions, and are 
they correlated with specific datasets or indicators?

 ■ Do clear trends exist to encourage the bundling 
of certain tools and services to achieve specific 
outcomes? Is there a measurable impact or 
determinant on the cost and scale?

 ■ What are the facilitators for use of digital agriculture 
tools and services? 

 ■ Which populations are most heavily studied when 
it comes to digital farmer services? 

 ■ Who is empowered and incentivized to participate 
and who is left out? What are the evidence gaps 
on gender, and how do they relate to indicators, 
outcomes and innovative strategies?

 ■ What do we know about the data sources powering 
digital agriculture and the extent to which they are 
providing relevant and timely services?

 ■ What is the role and the impact of the private sector 
in supporting the scalability and sustainability of 
digital agriculture?

 ■ What are the emerging trends and drivers of digital 
agriculture in particular economies? 

IDENTIFYING RELEVANT STUDIES
A comprehensive search strategy for scientific databases 
was designed, pre-tested and evaluated by librarians and 
information specialists working in agriculture who have 
significant experience with evidence synthesis. It was 
designed to capture relevant studies from science databases 
(Search Strategy is listed in Section 5 in the Protocol, found in 
the Annex).  

The materials being synthesized can come from any source, 
but they must include empirical evidence with original data. 

We conducted searches across five major scientific 
databases and another 45 agency and research organization 
repositories. The full list of resources is also found in the 
Protocol in our Annex. 

STUDY SELECTION 
In order to be included in our assessment, we looked for 
papers that captured the following information: 

 ■ A targeted population. Ideally including description and 
rationale for why farmers or service providers were to 
participate in the study;

 ■ Geographies of interest. Countries were selected based 
on classification as an Official Development Assistance 
(ODA) recipient (list is included in the Protocol); 

 ■ Identifiable digital services. Ideally a clearly defined 
digital agricultural service, program or product that was 
introduced and used by a target population;

 ■ Description of use facilitators and barriers. Reporting 
of the characteristics that enable use and/or introduce 
barriers to making use of the intervention;

 ■ Measurement of outcomes. A description and 
measurement of the impact(s) of using the services.

We used a machine-learning model to help save time in 
the assembly and initial evaluation of thousands of articles, 
reducing our overall dataset from 7,337 papers to 1,988. This 
process has been tested in other scoping reviews (Porciello 
et al., 2020). More details are included in the Annex about 
the model and process. We performed title and abstract 
screening of 1,988 citations, and 616 met the initial criteria 
for full-text screening using a priori inclusion and exclusion 
criteria. A total of 315 papers met the inclusion criteria for 
data extraction. The majority of the literature in this study 
came from science databases (72%). Other sources were 
also incorporated, including impact evaluation assessments, 
case studies, and agency reports. A call for materials early in 
the project netted more than 250 responses from the global 
community, and 16% of those were included. Of these, nearly 
70% were case studies or impact evaluations from small-to-
medium size businesses. 

The source heterogeneity across our scientific and agency 
data, where no single journal emerged more than four times, 
demonstrates diffuseness across the domain.
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FIGURE 4: PRISMA-P Overview of search results and articles screened

Records excluded 
due to wrong 
geography, no 
relationship to 
digital agriculture
n=1,372

Full Text 
articles 
assessed for 
eligibility

n=616

Articles excluded
(exclusion reasons 
listed in the Annex)
n=301

Final studies for 
data extraction

n=315  

INCLUDED

ELIGIBILITY

IDENTIFICATION

SCREENING

Duplicates 
removed
n=938

Article
abstracts 
screened for 
eligibility

n=1,988

ABSTRACT SCREENING 

Records 
title
screened
n=7,337

Records identified 
through database 
searching
n=5,579

Additional records 
identified through 
other sources
n=2,696

Records 
excluded due 
to geography, 
population or 
subject matter 
criteria 
n=5,349
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DATA EXTRACTION AND 
CHARTING OF THE STUDIES
A comprehensive data extraction framework was 
created to document the process of reviewing 
included studies (included in the Annex). The 
framework had more than 90 individual questions 
focusing on extracting key concepts and details about 
the methods, researched population, interventions 
and outcomes. There were questions focused on both 
users and suppliers of services, and the factors that 
infl uenced use and disuse of the services. Despite pre-
testing, not all 90 questions were asked or could be 
answered across articles, as the framework was too 
detailed for the majority of articles in the dataset. 

 METHODOLOGICAL
LIMITATIONS OF THIS WORK
Evidence synthesis was originally designed for 
the medical and health sciences communities to 
determine eff ectiveness of medical interventions 
tested as part of clinical trials (Gurevitch et al., 2018). 
The methods have since evolved to include robust 
review of other evidence bases, but their original 
intent remains the same: to capture and document 
original research and evaluation of interventions on 
target populations. 

This means that we are evaluating a small subset of 
the published literature. The average dataset size 
for any systematic and scoping review in agriculture 
is very small. In a review comparing the size of the 
screening literature to the reviewed literature, it is 
only around 3% of the data that is eventually selected 
(Porciello, 2020). 

This excludes literature that is promising but 
ultimately untested with targeted populations. 
For instance, there is promising research on the 
use of geospatial data to produce soil landscape 
modeling, but much of the research has not been 
presented or tested with user populations, or 
made into a digital service. 

It also excludes most commercial sector reports that 
use a stakeholder interview and consultation method, 
since empirical data is not included. The result is that 
some of the best-known examples of DEAS may not 
be included in this report.

There may also be additional research that is not 
refl ected in this study when the study’s primary focus 
is not agricultural services or farmers. Digital services 
are widely used across urban and rural populations, 
and there is a lot of research that describes services 
that may be outside of our purview of agriculturally-
enabled services or engagement with farmers. Given 
the heterogeneous and applied nature of the DEAS 
literature, it is possible that we may have missed some 
relevant studies.

10
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FIGURE 5: Key concepts and report roadmap

LONG TERM 
IMPACTS
Digitally-enabled services 
positively impact inclusive 
& resilient growth and 
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SERVICE TYPES

IN THIS SECTION: 
 ► Types of digitally-enabled 
agricultural services 

 ► Bundled services 

 ► Data powering DEAS

 ► Service costs, revenue 
and funding models

What are digitally-enabled agricultural services, or DEAS? 
Designed to benefit users and service providers, DEASs 
use data and digital technology to increase availability, 
accessibility and diversity of both traditional and emergent 
services for agriculture. 

We classify services into four areas, described in 
Table 1—Advisory & Extension, Financial Services, Farm 
Tools, and Market Linkages—based on what is currently 
described and studied in the literature. Where applicable, 
we introduce in these categories some of the technologies 
that are emerging, such as precision agronomy and remote 
sensing technologies. 

Other areas that are commonly mentioned when 
describing digital agriculture, such as big data, analytics and 
cybersecurity, integration and coordination, and intelligent 
systems, had little evidence for evaluation in the literature 
to date. We discuss these gaps throughout the report and in 
the section on Evidence Gaps.

DIGITAL ADVISORY & EXTENSION
Agricultural advisory & extension services provide 
farmers and other agricultural value chain actors 
with access to knowledge and information about 
farm management, weather, prices and market 

information. Provided by governments, fellow farmers, 
NGOs, and other on-the-ground value chain actors, these 
services traditionally relied on face-to-face interactions. 
Fewer extension officers—an estimated one extension 
officer for 4,000 farmers in Africa, compared to the FAO 
recommendation of one officer per 400 farmers—has 
created significant constraints on the ground; in Uganda, 
only 19% of farm households report engagement with 
extension workers. (Tambo et al., 2019, Phatty-Jobe, 2019). 
In higher income countries, the ratio is closer to one officer 
per 200 farmers. 

Digital technology has contributed to transforming advisory 
and extension services in agriculture. They represent nearly 
80% of the service types identified in this study, and is 
an emerging market for the private sector are frequently 
bundled with other services such as market linkages.

Examples in the literature include: 

 ■ Livestock information. Pastoralists across Africa 
(including Kenya and Benin) used basic phones to 
exchange knowledge regarding feed resources, water 
resources, cattle health and even sightings of nature 
reserve guards. (Asaka & Smucker, 2016; Butt, 2015; 
Djohy et al., 2017).

 ■ Weather & Climate. A project that reached 250,000 
farmers delivered seasonal and ten-day forecasts using 
SMS, FM radio and in-person methods. Researchers 
reported that nearly 35% of participants targeted in a 
willingness and ability-to-pay study were willing to pay 
for climate and agricultural information (Gebru et al., 
2018). 

 ■ Soil & Land. An assessment of the mKRISHI® 
Personalised Advisory on Water and Soil service found 
that packaging advisory services relevant to specific 
geography was effective at providing farmers with high-
quality information in advance of the planting season 
(Singh et al., 2019).

 ■ Seeds & Fertilizer. A video series explaining a novel 
cowpea seed storage technique and management of 
materials and fertilizers was disseminated to illiterate 
farmers in Burkina Faso (Maredia et al., 2018).

 ■ Water & Irrigation. An SMS service in Sudan leveraged 
satellite imagery to proactively advise farmers when 
their crops will next require irrigation through reminders 
such as, “You need to irrigate in five days from now” 
(Willmott-Harrop, 2017).
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INTERVENTION CATEGORY DESCRIPTION EXAMPLES OF SPECIFIC 
INTERVENTIONS

DIGITAL ADVISORY 
& EXTENSION

Agricultural advisory and 
extension services can fulfill 
a variety of functions, such as 
information on weather and 
crop selling prices, in addition 
to promoting environmentally 
sustainable production, and 
providing training on new 
techniques.

 ■ Extension

 ■ General Agronomy 

 ■ Human Nutrition

 ■ Market, Price & Subsidy

 ■ Livestock Information

 ■ Pest Management

 ■ Seeds & Fertilizer

 ■ Soil & Land

 ■ Water & Irrigation

 ■ Weather & Climate

DIGITAL FINANCIAL 
SERVICES

Digital financial services rely  
on digital technologies for their 
delivery and use by consumers 
and have the potential to 
transform the provision of 
financial services, spurring the 
development of new (or modify 
existing) business models, 
applications, processes, and 
products. 

 ■ Credit

 ■ Financial Training

 ■ Insurance

 ■ Payments

 ■ Saving

 ■ Subsidy

DIGITIZED FARM 
TOOLS

A range of technologies 
embedded within on-farm 
products to deliver optimisation 
of the production and improved 
sustainability of crop and 
livestock.

 ■ Farm management software

 ■ Precision Agriculture 

DIGITAL MARKET  
LINKAGES 

Digital market linkages  
provide opportunities to 
standardise and streamline 
formal and informal business 
practices. These services link 
farmers and intermediaries, and 
businesses to other businesses 
along the value chain.

 ■ Agricultural Inputs

 ■ Output Market Links

 ■ Service Provider Links

 ■ Supply Chain Management

TABLE 1: Services Types identified in the literature
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 ■ Pest Management. A custom app in Kenya synthesized 
fact sheets to help ‘plantwise plant doctors’ advise 
farmers on pest and disease management (American 
Institutes for Research (AIR), 2018).

 ■ Extension. The company Digital Green complements 
existing extension activities by working with extension 
agents to develop, screen and discuss agriculture and 
nutrition videos with farmers (Abate et al., 2019).

 ■ Market, Prices and Subsidy Info. The company Esoko 
is one of several services providing agricultural market 
information, such as local market price information 
for maize and groundnut in Ghana via SMS messages 
(Courtois & Subervie, 2015).

 ■ General Agronomy. Services like ‘Govi Mithuru’ in Sri 
Lanka used phone audio messages to provide advisory 
for a wide range of agronomic decisions across eight crop 
types, such as when to plant, which herbicide to use, and 
how much fertilizer to apply (GSMA, 2019).

 ■ Human Nutrition. Information regarding selection and 
preparation of foods to improve nutrition and/or food 
safety is delivered via video and other digital means. 
In Tanzania, DFID, GSMA and local mobile network 
operators collaborated to deliver an SMS nutrition 
advisory service (Barnett et al., 2020).

DIGITAL FINANCIAL SERVICES
There are an estimated 1.7 billion adults who lack 
access to formal financial services, with a large 
percentage living in South Asia and Sub-Saharan 
Africa (Lyons et al., 2020). Digital financial services 

have reduced this shortfall and helped impoverished 
populations increase resiliency through mobile-based 
access to credit, insurance, savings platforms and carrying 
out transactions. 

We evaluated services designed to address the needs 
of farmers and agriculture, including well-known mobile 
money services used by farmers, such as m-Pesa in Kenya 
and SmartMoney in Uganda (Babcock, 2015; Haushofer 
& Shapiro, 2016). Despite their importance to farmers 
and service providers, digital financial services were only 
analyzed in 16% of included studies. 

Examples in the literature include: 

 ■ Insurance. The feasibility of using smartphone pictures 
to validate crop losses for insurance payouts was tested 
in Haryana and Punjab, India (Ceballos et al., 2019). 

 ■ Saving. Digital tools helped farmers with limited access 
to conventional banking services, such as a custom 
smartphone app developed to support village-led savings 
groups in Kenya (Chidziwisano et al., 2020).  

 ■ Credit. Services like ‘iProcure’ help retailers in Kenya 
develop digital records to facilitate credit scoring 
(among many other market linkage services) (IProcure 
– Reinventing Input Distribution for Rural Africa | Mercy 
Corps AgriFin, n.d.).

 ■ Payments. A smartphone app was developed to 
help Indonesian smallholder farmers make financial 
payments without requiring access to a physical bank 
branch (Ikhwan, A., Arif, S., Utomo, E., Ambarwati, A., & 
Akbari, R, 2018).

 ■ Financial Training. Shamba Shape Up offered 
financial literacy education as part of a television 
series targeted at smallholder farmers in Kenya 
(InterMedia, 2012).

 ■ Subsidy. The government of Telangana state 
in India commissioned a call centre to survey 
farmers on whether and when they received 
unconditional digital payments from the government 
(Muralidharan et al., 2018).

DIGITIZED FARM TOOLS
Digitized farm tools can help farmers 
sustainably optimize their farming practices 
and production. They leverage new 
technologies like satellite imagery, information 

communication, and geospatial tools that are integrated 
into a farm-specific DEAS. These tools improve accuracy 
of farm-based practices, such as the ability to control how 
much or how frequently fertilizer is applied. In recent 
years, there have been inroads to increase precision 
agricultural technologies in developing countries, such 
as a pilot program in Zambia with John Deere tractors 
(Adu-Baffour et al., 2018).

Studies evaluating the provision or impact of services 
for digitized farm tools comprise 5% of all studies. We 
suspect the reason for the dearth is partly due to the fact 
that digitized farm tools are commercially controlled, and 
we have a serious lack of empirical literature from the 
commercial sector.

Examples in the literature include:

 ■ Precision Agriculture. A study in Ghana 
analyzed smallholder farmers’ interest in using drones 
to manage Fall armyworm (Frempong & Selorm 
Akaba, 2020).

 ■ Farm Management Software. Designed to facilitate 
collection, synthesis and interpretation of farm 
data, tools like Rice Advice, a smartphone app used 
in West Africa, can provide site-specific fertilizer 
recommendations using data about farmers’ farms 
(Arouna et al., 2020).
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DIGITAL MARKET LINKAGES
Digital market linkages provide 
opportunities to standardize and 
streamline formal and informal 
business practices by linking 

farmers and intermediaries, as well as 
businesses to other businesses along the 
value chain.

The data in this category is limited, 
accounting for 14% of studies. They 
demonstrate a diversity of emerging services, 
but all of the studies relied on custom data 
sources, as opposed to being able to leverage 
large public-sector datasets. 

Examples in the literature include:

■ Agricultural Inputs. The government 
of Nigeria developed an SMS service 
for farmers to redeem subsidized 
fertilizer vouchers as part of the 
Growth Enhancement Support Scheme 
(Wossen et al., 2017).

■ Output Market Links. Farmers in East 
Africa used basic phones to connect with a 
diverse range of potential produce buyers, 
rather than on their buyers to provide 
it. This paper considers the eff ects of 
mobile phones on traders of perishable 
foodstuff s operating between Tanzania’s 
Southern Highlands and Dar es Salaam’s 
wholesale market, with a particular 
focus on the importance of credit in the 
relationship between potato and tomato 
farmers and their wholesale buyers. 
(Molony, 2008)

■ Service Provider Links. A phone-
based service was used by dairy 
farmers in Pakistan to fi nd and review 
artifi cial insemination service providers 
(Hasanain et al., 2017). 

■ Supply Chain Management. Koltiva 
developed a QR code system to facilitate 
tracing and verifi cation of sustainability-
certifi ed cocoa in Indonesia. The business, 
which started as a donor-funded initiative, 
has also implemented the system in 
seaweed, spice and palm oil value chains 
(Heinz, 2019). Other services help value 
chain actors manage their supply chains, 
including support for supply forecasts, 
demand forecasts, and logistics.

16
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FIGURE 6: Research on service types over time

Bundled Services
There has been an important shift in the literature in the 
past ten years. Early studies tended to focus on how farmers 
used mobile technology to access general information for 
decision-making, such as whether consulting a weather 
forecast would impact planting schedules. We identified 30 
studies that focused on evaluating how multiple services 
come together to meet farmers needs, known as bundled 
services. (These can be identified in the online resource 
mentioned at the beginning of the study.) These services 
often complement each other, enabling additional value for 
both end users and service providers, such as increasing 
cost efficiency.

 ■ Bundling digital advisory & extension services with 
digital financial services is currently the most commonly 
analyzed type of bundled service;

 ■ Nearly a third of bundled service studies described 
how both awareness and sustainable use of the service 
comes from a farmer’s existing social network (both 
online and in-person), such as farmer groups, peer-to-
peer recommendation or in-person marketing by an 
agribusiness supplier; 

 ■ Bundled services are most commonly associated with 
outcomes supporting agricultural-led growth; 

Governments and development agencies are advocating for 
bundled services that offer one-stop services to farmers and 

other value chain actors. According to the CTA report, early 
evidence suggests that “bundling multiple services – and 
selling them as a single combined unit – is delivering greater 
value to smallholder farmers and more economic benefits to 
any business offering the products”. (Tsan 2019)

One study evaluating the role of digital platforms in 
Ghana as part of the maize value chain financing structure 
concluded that such platforms have “the potential to help 
overcome some information and communication gaps and 
related uncertainties that impede traditional value chain 
credit arrangements”. (Agyekumhene et al., 2018)

Overall, the primary literature evaluating the impact of 
specific businesses that offer bundled services is limited. 
There are more examples of how researchers are assessing 
the interactive effects of bundling services to determine 
how they goes beyond user convenience. For instance, a 
study assessing how liquidity constraints can be addressed 
through a small grant that lets farmers act on personalized 
advice on rice treatments (RiceAdvice App) found a 
near doubling of both income and yield between study 
participants (Arouna et al 2020). 

We would need more evidence about the use and 
growth of bundled services in order to determine 
whether the bundling effect is bigger than the sum of its 
constituent parts.
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Data Powering DEAS
We identified 66 studies that provided specifics on the data 
used to power their services (Figure 7). The primary data 
sources powering analyzed DEAS were generated from user-
supplied or customized datasets produced by the service 
providers. Other sources include expert knowledge and 
public data.

The availability of data beyond what is derived from users is 
uneven across geography and the various DEAS categories. 
In the digital financial services, for example, there is 
much more data on credit and payments than financial 
training. Digital advisory contains more data on markets 
and prices than on human nutrition. The same is true 
across measurement outcomes. Given limited resources, 
researchers tend to analyze areas and topics for which data 
is easily accessible. Income data is relatively easy to obtain 
and quantify, so there are many more studies assessing 
the income effects of DEAS. By contrast, few studies 
assess community cohesion, because this is harder to 
measure and quantify. The evidence gaps identified in this 
systematic scoping review reflect areas where data access 
could be a challenge. Closing the evidence gaps, in some 
cases, will require deliberate investments in collecting high 
quality data.

There is limited evidence that describes the implementation 
of technologies that are increasingly important to the 
interoperability of external data to support DEAS, such 
as the use of authentication systems for decentralized 
block-chains, and the Internet of Things (IoT) cybersecurity 
and digital protocols. For instance, digitized soil moisture 
sensors used in both Mozambique and Tanzania uploaded 

FIGURE 7: The data sources powering digital services as identified in the literature
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georeferenced data to the cloud, allowing for near real-time 
cross-comparison of data. Another study from Indonesia 
examined authentication systems to trace produce across 
supply chains from sustainability certified farms.

Due to weak infrastructure and limited resources, most 
countries cannot prioritize establishing and maintaining online 
resources. For instance, annual crop variety information is 
valuable data for multiple agricultural value chain actors 
as well as farmers. But currently most national crop variety 
catalogs containing country-level data that farmers in Sub-
Saharan Africa use to make seasonal crop selections are still 
print-based. 

There is evidence that data-driven agriculture at the resolution 
and dimensionality needed to address the issues of small-
scale agriculture is on the horizon. In 2018, a study evaluating 
accuracy of Sentinel-2 satellite imagery-based plot-level maize 
yields compared ground-based measures in Uganda. The 
study found there was no discernible difference between 
LSMS-ISA reported annual data—the current gold standard 
of plot-level measurements throughout Africa—and the 
satellite data. 

As the authors note, this has “the potential to create an 
unparalleled scope for research on entire landscapes of 
agricultural plots. (Lobell et al., 2018) This type of satellite 
measurement approach would allow more rapid feedback on 
the effectiveness of different efforts to raise productivity and 
offer additional data points for researchers to assess farmer-
focused research.  

However, it will take a significant effort to translate such 
data sources into mainstream services that researchers and 
farmers use at scale.
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*Based on data from 215 articles

Service costs, revenue and funding models 
Given digital’s possible reach and cost eff ectiveness—for 
example, millions more can be reached through a single 
network—there are signifi cant opportunities for growth and 
cost-savings for both suppliers and end users.

However, very few reviewed articles analyzed the cost 
eff ectiveness of DEAS. Among them, one found that a voice-
based cotton and cumin knowledge sharing platform in 
Gujarat, India yielded $10 private return for every dollar 
invested in the service (Cole & Fernando, 2021). A study in 
Kenya estimated sugarcane yield increases for digital advisory 
users generated about $43 in off -taker profi ts and about $54 in 
farmer earnings, while the per-farmer cost of the program was 
about $0.30 per farmer. (Casaburi et al., 2019).

While these studies point to evidence of cost eff ectiveness, 
they are program-specifi c and we cannot comment generally 
on cost-eff ectiveness trends. Most researchers are not 
encouraged to design a research study that will capture data 
about costs, creating a chasm across agricultural research that 
has been noted in other landscape studies about the state 
of literature for the UN’s Sustainable Development Goal 2 
(Nature 2020).

The revenue models appeared particularly thin for advisory 
and extension DEASs, and users reported both low willingness 
and ability to pay for digital advisory and extension services. 
This may not refl ect low demand for them, however; a 
study observed that agricultural information is diffi  cult to 
commercialize because it is shareable (nonexcludable), 
reuseable (nonrival), and its quality is hard to validate 
(Fabregas et al., 2019). Nor are there standardized tools and 
methods for generating cost evidence,  which could be used 
for comparison and analysis in evidence synthesis or cost 
model exercises (Laborde et al 2020).

International donors are providing fi nancial support for many 
of the services evaluated in this dataset, whereas research 
organizations, businesses and national governments are 
engaged in implementing the services (Figure 8). This data was 
captured based on looking at 215 of our 315 studies, and as 
the graph demonstrates, a dearth of studies commented on 
funding and implementer sources. This impacts our ability to 
portray an accurate picture, since few of our studies included 
any information about the role of the private sector. This is 
in sharp contrast to landscape studies that use stakeholder 
interviews to report on current services, but which were 
excluded from this study due to the lack of empirical evidence. 
We note this as one of the most signifi cant gaps in the study.

Relatively few studies analyzed DEASs that have already gone 
to scale. Most studies had small sample sizes (Figure 9). In 
addition, very few studies assessed use over a sustained 
period of time. One common theme we see is that services are 
reinventing the wheel rather than building on what is already 
in place. Leveraging pre-scaled digital or non-digital farmer 
service is a fast, inexpensive, and low-risk way to scale services. 
And while we see a concentrated eff ort by researchers to 
address hazy alignment of research activities to on-the-ground 
needs by engaging farmers early and often in user-centered 
design, there is still work to be done to leverage and build 
upon what is already in place (Ortiz-Crespo et al., 2020).
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IMPACT
A range of outcomes were represented in the studies, broadly contained within four 
categories: Agricultural-led Growth; Resilience and Risk; Healthy People and Planet; and 
Inclusivity, Empowerment and Agency (Table 2). Similar to service types, descriptions and 
examples of the outcomes are presented in the body of the text. This section contributes 
to evaluating the extent to which services were used (often referred to as adoption), overall 
quality of the literature, and where measured outcomes were found to be particularly 
eff ective. This section provides information about the overall quality of the literature, 
including study types and data capture methods.

Of the 315 studies in our evaluation, 52% evidenced indicators of positive (41%), negative 
(1.5%), or nil (9%) outcomes across all outcome types; 25% of studies mentioned an 
outcome that was ultimately determined to be unevidenced. The remainder of studies 
provided relevant data about facilitators and barriers, but those studies are not described 
in this section. 

The evidence gap map (Figure 10) shows the interactions between service types and 
outcomes, as well as where the evidence showed positive and nil outcomes, versus 
studies that only mentioned an outcome and ultimately did not present enough 
evidence to determine impact. This shows a spectrum of both the quality and quantity 
of available evidence. Note that multiple studies present more than one outcome.

Five studies reported adverse development outcomes from DEAS interventions. It is 
possible that negative outcomes are underrepresented, particularly in regard to social 
exclusion. Articles observed instances where women (34 studies), poorer (36 studies) and 
less educated (32 studies) farmers used DEAS less. However, few researchers investigated 
downstream eff ects of this social exclusion. 

A fundamental challenge is revealed by the best of the research studies. At present, even 
simple measurements like ‘yield’ can be a challenge to actually measure in the context 
of use of a DEAS. For instance, researchers evaluating women’s decision-making asked 
participants if the yield was ‘better or worse’ than last year (Lecoutere et al., 2020). While 
this characterization is appropriate for this study, it makes causal impact diffi  cult because 
farm output is not independently verifi ed. 

The context of measurement is always important, and we must be ready to adapt our 
methods to the problem at hand. As we are reminded, there is no “one kind” of good 
evidence. A well-conducted qualitative study is just as valuable to decision-making as a 
random control trial (Deaton & Cartwright, 2018).

IN THIS SECTION:
► Outcome categories & 

examples 

► Evidence gap map 
showing the intersection 
of outcomes & service 
types

► Unevidenced outcomes 

► Assessing the quality of 
evidence
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 TABLE 2: Outcome Categories and Descriptions

OUTCOME CATEGORY & DESCRIPTION WHAT WERE THE SPECIFIC OUTCOMES  
REPORTED IN THE LITERATURE?

AGRICULTURAL-LED  
GROWTH

Agricultural-led growth across 
all sectors and subsectors that 
improve the lives of farmers and 
their families through increases in 
income, productivity, employment, 
and practice change.

 ■ Income: Change in income

 ■ Productivity: Change in on-farm crop, labor  
or livestock productivity 

 ■ Yield: A change in harvested crops

 ■ Practice Change: Changes in a user’s practice 
related to other agricultural outcomes, such as 
yield, productivity, and/or income

 ■ Market efficiency: Change in decision-making 
based on available, relevant market information 

 
RESILIENCE  
AND RISK

Resilience is the ability of people, 
households, communities, countries, 
and systems to mitigate, adapt 
to, and recover from shocks and 
stresses in a manner that reduces 
chronic vulnerability and facilitates 
inclusive growth.

 ■ Resilience: Mitigate, adapt and recover from  
shocks and stressors

 ■ Cost effectiveness: Cost benefit analysis for the 
DEAS supplier (including quantified development 
outcomes, not just monetary outcomes)

 ■ Climate resilience: Prevention or minimizing  
the impacts of climate change 

 ■ Community cohesion: Reduced conflict, stronger 
social networks and/or increased collaboration 
within a community

 
HEALTHY PEOPLE 

AND PLANET

Healthy people and planet 
captures opportunities, incentives 
and practices that emphasize 
environmental health, and putting 
nutritious diets within reach of poor 
communities.

 ■ Environmental sustainability: Improved 
sustainability of natural resource management, 
such as water, forest or soil management 

 ■ Nutrition: Improved household nutrition, 
including increased food supply and security

 
INCLUSIVITY,  

EMPOWERMENT 
AND AGENCY

The process of improving the 
terms of participation in society, 
particularly for people who are 
disadvantaged, through enhancing 
opportunities, access to resources, 
voice and respect for rights. This is 
measured through resulting from 
the support and inclusive design 
of all people, but in particular 
traditionally marginalized groups 
such as women and people with 
disabilities, as well as through 
increased decision-making.

 ■ Increased knowledge: A demonstrated increase 
of knowledge about agriculture-related content

 ■ Gender and women’s empowerment: Increase in 
influence, decision-making or agency

 ■ Social inclusion: Reduce or remove the obstacles 
that limit the agency, decision-making capacity 

 ■ Social learning: DEAS non-users indirectly 
increasing their knowledge and/or changing their 
practices through DEAS by  observing and/or 
interacting with DEAS users.  
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TABLE 3: Evidence Gap Map of Service Types and Outcomes
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DIGITAL 
ADIVSORY & 
EXTENSION 

SERVICES

Extension 9 3 2 1 0 1 24 5 7 7 1 3 6 5 1 2 0 0 1 0 2 2 0 1 3 1 0 0 0 2 3 1 2 9 1 4 11 0 0 6 1 4 6 0 1

General 
Agronomy 17 6 7 2 0 0 45 4 15 12 2 4 17 8 4 3 0 0 1 0 1 1 0 0 1 0 2 0 0 0 2 1 3 15 2 2 18 1 0 5 0 5 11 1 3

Human  
Nutrition 0 0 1 0 0 0 2 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 3 0 0 1 0 0 1 0 0

Markets,  
Prices and 
Subsidy

21 6 4 3 0 1 17 2 8 3 3 3 5 4 1 0 0 0 1 0 1 0 0 1 2 0 1 1 0 0 1 0 0 2 0 1 2 0 1 1 0 2 7 0 0

Livestock 
Information 7 0 5 1 0 0 10 2 5 3 1 3 3 2 2 0 0 0 0 0 1 1 0 0 1 1 2 0 0 2 0 0 2 2 0 1 5 1 0 1 1 2 2 0 0

Pest 
Management 1 1 1 0 0 0 6 2 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 2 2 1 0 0 0 1 1 0 0

Seeds &  
Fertilizer 3 1 1 0 0 0 9 2 0 2 0 1 3 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 2 7 1 0 0 0 1 2 0 0

Soil & Land 3 1 1 0 0 0 8 1 1 3 0 1 3 0 1 0 0 0 0 0 0 0 0 1 2 0 1 0 0 0 2 0 1 1 0 2 6 1 0 0 0 1 2 0 0

Water & 
Irrigation 2 0 1 0 0 0 3 0 0 3 0 0 3 0 0 0 0 0 0 0 1 0 0 1 2 0 0 0 0 0 2 0 1 0 0 0 4 0 0 0 0 0 1 0 0

Weather & 
Climate 10 3 3 2 0 0 19 0 7 5 2 2 7 2 2 1 0 0 2 0 2 0 0 0 1 0 0 0 0 0 0 0 1 3 0 1 4 0 0 2 0 2 8 0 1

 
DIGITAL 

FINANCIAL 
SERVICES

Credit 1 0 1 0 0 1 1 0 1 1 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0
Financial  
Training 0 0 1 0 0 0 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 0

Insurance 3 1 0 0 0 0 3 2 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0

Payments 4 0 0 0 0 0 3 0 2 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0

Saving 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Subsidy 2 1 1 0 0 0 1 0 0 1 0 0 0 0 0 3 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 1 0 0 0 0 0 1 0 0 0 0 0

DIGITIZED 
FARM TOOLS

Farm 
Management 
Software

0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Precision 
Agronomy 2 0 4 0 0 0 4 0 2 4 0 5 4 0 4 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 2 0 0 0 1 1 2 0 1 0 1 0 1 0 1

DIGITAL 
MARKET 

LINKAGES

Agricultural 
Inputs 2 1 1 1 0 1 2 0 0 2 1 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Output  
Market Links 10 1 0 3 0 1 7 0 1 3 1 1 1 2 0 0 0 0 0 0 0 1 0 0 2 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 0 1 1 0 0

Service 
provider links 1 1 0 1 0 0 2 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Supply Chain 
Management 1 0 1 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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AGRICULTURAL-LED GROWTH
Agricultural-led growth is that which improves 
the lives of farmers and their families through 
increases in income, productivity, employment, 
and practice change. 

 ■ Income. Measured based on short- to medium-term 
change in a user’s income, income was reported as a 
positive outcome in 44 studies and nil in 13 studies. An 
increase in income was primarily related to farmers’ 
engagement with various advisory services focused on 
crops such as maize, soybean and rice. In a three-year 
trial in Kenya, researchers measured the impact of 
an SMS program that provided updates to the mobile 
phones of sugarcane farmers based on the age of the 
cane as well as the harvest cycle. All farmers reported an 
increase in revenue (Casaburi, 2014).

 ■ Yield. Most commonly associated with increases 
in crop outputs based on information provided by 
agricultural advisory services, yield was reported as a 
positive outcome in 26 studies, nil in 13, and negative 
in one study. For instance, a DEAS that disseminated 
information on new soybean varieties to farmers was 
reported to increase productivity and yield (Ayenan 
et al., 2017).

 ■ Productivity. Changes in labor, time management and 
input productivity were reported as positive outcomes 
in 34 studies, nil in 3 studies, and negative in one 
study. Studies looking at productivity were reported for 
precision agronomy, general agronomy and extension. 
As an example, mobile finance DEAS users sold a larger 
proportion of their coffee as shelled beans to buyers in 
high-value markets, instead of selling to local traders 
immediately after harvest, increasing both incomes and 
productivity (Sekabira & Qaim, 2017).

 ■ Market efficiency. Studies assessed how information 
could be used to improve decision making and 
transparency of marketplace prices between actors, 
thus achieving more equal positions. Studies measuring 
digital advisory and extension services and digital 
market linkages reported increased market efficiency. 
One study conducted in Bangladesh noted that farmers 
used the DEAS to bypass middlemen and achieve more 
competitive pricing (Grönlund & Islam, 2010). A pre- and 
post-analysis of labor price dispersion in rural Tanzania 
found an SMS-based labor market significantly increased 
efficiency of the local agricultural labor market (Jeong, 
2020). The intervention did not significantly affect the 
number of laborer jobs or their wages (as hoped) but 
did significantly reduce the variability in wages paid to 
agricultural laborers.

 ■ Practice Change. The most reported outcome—positive 
in 93 studies and nil in 12—the change of an agricultural 
practice was almost always measured alongside other 
outcomes, such as income, yield, or productivity. Service 
types for this outcome are primarily in advisory & 
extension services: --- general agronomy and extension, 
market, prices and subsidy, weather and climate, and 
livestock information, --- though a handful of studies 

providing output market links were also reported. Many 
farmers also transferred knowledge from DEASs to 
other crops. For instance, farmers in Mali who watched 
videos that included farmer testimonials of ways to 
improve the handling of cotton went on to use the 
same techniques with maize, sorghum, millet, okra 
and watermelon crops, but their potential as a tool for 
knowledge transfer by extension services in the region 
remains largely unexplored. The aim of this contribution 
is to evaluate the potential of video on mobile phones 
as a tool for farmer-to-farmer exchange and agricultural 
extension in Western Africa’s rural reality. This aim was 
addressed by interviewing 460 farmers in Mali and 
Burkina Faso. Several studies independently identified 
a pattern where practice change was much more likely 
when it didn’t cost money (Cole & Fernando, 2021; 
Kansiime et al., 2018). For instance, advisory services 
that helped farmers change when fertilizer was applied, 
as opposed to buying more fertilizer, were associated 
with higher positive outcomes (Sousa et al., 2016).

RESILIENCE AND RISK
Resilience is the ability of people, households, 
communities, countries, and systems to 
mitigate, adapt to, and recover from shocks 
and stresses in a manner that reduces chronic 
vulnerability and facilitates inclusive growth. 

Overall, there are significant gaps across all service types 
that measure resilience. Similar gaps in the development 
literature around resilience were noted in a scoping review 
published in 2020 (Barrett et al., 2020). 

 ■ Resilience. Resilience was measured as diminished 
risk for farmers. Studies looking at productivity were 
reported for precision agronomy, general agronomy 
and extension. One study found unconditional mobile 
money cash transfers to farmers in Kenya increased 
food security and psychological well-being (Haushofer & 
Shapiro, 2016).

 ■ Cost Effectiveness.  Measured based on a cost-
benefit ratio, one study found that a video extension 
system was ten times more effective than conventional 
extension services, based on evaluating adoption per 
dollar (Gandhi et al., 2008). Nine studies reported 
positive outcomes,  with the most reported for both 
subsidies and extension services.

 ■ Community Cohesion. Improved community cohesion 
includes reduced conflict in communities and mending 
of broken families. One study had positive outcomes to 
increase community cohesion and four other studies 
reported anecdotal evidence of increased community 
cohesion as a result of DEAS. 

 ■ Climate Resilience. Four studies evidenced improved 
climate resilience outcomes and four other studies 
reported improved climate resilience with limited 
evidence. For instance, climate resilience was primarily 
captured in insurance-based services, such as whether 
picture validation insurance helped farmers to validate 
crop losses for insurance payouts (Ceballos et al., 2019).
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HEALTHY PLANET AND PEOPLE
Healthy planet and people captures 
opportunities, incentives and practices that 
emphasize animal and environmental health, 
and putting nutritious diets within reach of 
poor communities.

■ Nutrition. Primarily measured through overall 
household food security (as assessed through food 
shortages), nutrition was reported as a positive 
outcome in ten studies, and as nil and negative 
outcomes in one study each. Two studies described 
an increase in food security resulting from improved 
control of irrigation, based on water monitoring 
services (Banayo et al., 2017).

■ Environmental Sustainability.  Just one study 
captured environmental impacts as a primary outcome 
(Jensen, 2007).

INCLUSIVITY, EMPOWERMENT
AND AGENCY 

This category covers the process of improving 
the terms of participation in society, particularly 
for people who are disadvantaged, through 
enhancing opportunities, access to resources, 
voice and respect for rights. This is measured 

through changes in knowledge, practice and behavioral 
change resulting from the support and inclusive design 
of all people, but in particular traditionally marginalized 
groups such as women and people with disabilities, as well 
as through increased decision-making.

■ Gender and Women’s Empowerment. Measured 
primarily based on whether women increased their 
autonomy and decision-making capacity as it related 
to other incomes, such as increased incomes, gender 
and women’s empowerment was reported as a positive 
outcome in 24 studies, nil in four studies, and negative 
in two. The majority of the research is focused on 
extension and general agronomy. No studies measuring 
gender or women’s empowerment were associated 
with digital market linkages. In one example, targeting 
women using extension videos had a positive eff ect 
on diff erent domains of their empowerment, including 
their knowledge of agronomic practices (Abate et al., 
2019).* Agricultural extension videos were shown 
separately to Ethiopian women and men in an eff ort to 
be more gender inclusive, and in follow-up interviews, 
researchers found that ‘the vast majority of informant’s 
(including members of the primarily male development 
groups) indicated that women take an active role 
in agricultural activities ranging from production 
harvesting, threshing, processing and storage, to 
marketing. This was found to be the case not only for 
women who were household heads but also female 
spouses of male-headed households. Studies assessing 
market linkages and digitized farm tools—which are 
the smallest service subsets in our dataset—lacked a 
gender outcome.
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Given the well-known impacts of agriculture on 
the environment, especially in the face of climate 
change, we were concerned how few studies 
provided evidence about services and solutions 
focused on climate resilience. 

In one sustainability-focused review of digital 
agriculture, the authors argue the prevalent ‘myth 
of the digital sublime’—unthinking awe about the 
possibilities of digital agriculture—leads people to 
assume DEASs will automatically, positively and 
meaningfully address complex environmental and 
climate challenges, such as increasing temperature/
rainfall variability, biodiversity loss and agricultural 
GHG emissions (Cobby, 2020).

While there was mention of climate and 
sustainability outcomes in the evidence we 
reviewed (see below), they were typically 
incremental and mentioned peripherally to 
economic outcomes. This fi nding is not unique to 
our work; a scoping study that evaluated on-farm 
solutions for water scarcity commented on the fact 
that few studies address cost-eff ective solutions 
that address both environmental degradation and 
productivity (Ricciardi et al., 2020).

■ Reduced Input Waste. Improved input 
productivity facilitated by DEASs was reported 
in 29 studies. For example, use of a digital 
soil moisture sensor by smallholder irrigators 
in Tanzania and Mozambique contributed 
to higher yields using ~50% less irrigation 
water (Chilundo et al., 2020; Mdemu et al., 
2020). This may have enabled improved water 
conservation, reduced leaching of nutrients 
into the environment, lessened emissions 
from fl ooded soils and from fossil fuel-reliant 
irrigation pumps, but these factors were not 
explicitly measured.

■ Reduced Food Waste. A handful of studies 
anecdotally reported food waste reduction 
facilitated by digital market information and 
market linkage services.

■ Uptake of More Climate-Smart and 
Environmentally Sustainable Farming 
Practices. A handful of studies found farmers 
applying more environmentally sustainable and 
climate-smart farming practices as a result of 
DEASs. A study in Colombia, for example, found 
SMS market and weather information services 
enabled smallholders to reduce crop losses by 
11-14% (Camacho & Conover, 2010). In Ghana, 
a digital agronomy/weather advisory service 
helped farmers adapt to changing rainfall 
patterns (Barnett et al., 2020).

DEEP DIVE: CLIMATE 
AND ENVIRONMENTAL 
OUTCOMES
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Only 30% of papers in our analysis included underlying data 
on social diff erences, such as age, education, gender and 
wealth, signifi cantly limiting our opportunities to refl ect 
on gender, social inclusion, social learning and increased 
knowledge outcomes. We explored why this is the case.

Belated recognition of gender is on the rise
The majority of the studies examining the roles of women 
in agriculture are from 2018 or later, which points to both 
a belated recognition within the research community of 
the importance of understanding the gender gap, and a 
hopeful trend in current research priorities. Importantly, 
the gender community in agriculture has spent signifi cant 
time developing toolkits and training programs that 
incorporate research design methodologies into agriculture. 
Data collection tools such as Gennovate, WEI, and Pro-WEI 
are designed to increase and standardize high-quality sex 
disaggregated data collection. Training courses such as 
Gender Responsive Researchers Equipped for Agricultural 
Transformation (GREAT) are designed for agricultural 
scientists to improve their gender qualitative research skills 
in their research programs.  

Embedding innovation and technology 
acceptance frameworks to enhance 
discussion about social factors
In order to present more meaningful fi ndings and 
recommendations, researchers need to go beyond basic 
demographic data such as age and sex, to capture details 
about educational attainment, marriage status, and 
access to resources, including networks. This evidence 
gap might be linked to an absence of studies that used 
technology acceptance models and innovation diff usion 
models, or other similar frameworks, in their study design. 
The application of these models enables researchers to 
qualitatively describe the intent to use, use behaviors, and 
even design challenges faced by the communities with 
whom they work. An evaluation of available frameworks, 
what they mean, and how they work to promote data 
collection of social factors, could encourage greater uptake 
in research.

Limited impact data on the role of social 
networks in social learning
While there is some data to support the impact of social 
networks on social learning, especially related to gender, 
the data supporting the relevance, reach and identity of the 
social networks is not well defi ned or presented. Studies 
evaluating social networks have identifi ed that it can be 
diffi  cult to pinpoint and link individual behavior, change or 
otherwise, to them (Maertens & Barrett, 2013).

■ Increased Knowledge. Assessed based on 
whether new information or knowledge had 
been acquired, there were 43 studies that 
described increased knowledge as having a 
positive outcome and two nil. A signifi cant 
number of studies assessed use of extension 
and general agronomy services. There is a 
high overlap between increased knowledge, 
practice change and gender. For instance, a 
study of 60 dairy farmers were selected as 
respondents for assessment of eff ectiveness 
and perceived utility of an Animal Health 
Information System (AHIS), where recall 
of the knowledge presented was assessed 
based on a survey (Phand et al., 2017). 
However, follow-up to determine where 
animal health outcomes had improved was 
not included as part of the study. 

■ Social Learning. Measured based on 
whether non-users (e.g., outside of the 
target group) learned new information 
and/or changed their practices based 
on engagement with DEAS users, social 
learning was reported as a positive outcome 
in 17 studies and nil in one study. Nearly 
all of the studies reporting outcomes are 
advisory & extension services. A study in 
Uganda found spouses rarely shared or 
discussed learnings from a video advisory 
intervention with each other (Lecoutere et 
al., 2020). This is an example of a ‘nil’ social 
learning outcome. Van Campenhout et al. 
(2018) analyzed how non-users of a potato 
video service gained learnings ‘through’ 
users. They accounted for spillover using 
two methods: geographical distance and 
social network factors of treatment and 
non-treatment groups, measured using 
questions about social networks in a follow-
up survey with farmers.

■ Social Inclusion. Measured based on 
whether communities such as the youth, 
elderly, less educated or well-resourced 
were able to increase their participation, 
autonomy and decision-making capacity, 
social inclusion was measured as a positive 
outcome in 13 studies, negative in one 
study, and nil in two studies. Similar to 
social learning, nearly all of the studies 
reporting outcomes are for advisory & 
extension services. We take a closer look at 
this issue in the section on user disparities. 
Studies looked at whether interventions 
helped farmers with smaller farms and 
less resources gain access to government 
subsidies, and whether incentives for youth 
to train elderly community members could 
help elevate their standing in the community 
(Mercy Corps, 2019).

DEEP DIVE:  DATA ABOUT 
EMPOWERMENT, AGENCY 
AND INCLUSIVITY
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INCLUSIVITY,
EMPOWERMENT
AND AGENCY

RESILIENCE
AND RISK

quality—especially important in an emerging field that lacks standard 
metrics and definitions. This inclusive approach increases our overall 
risk of bias and limits the ability to describe any one intervention’s 
effectiveness over another. 

The data extraction framework was designed to capture more 
than 90 data points per study (available in the Protocol found 
in the Annex) such as study types and methods, study duration, 
study flaws and whether the article presented data on respondent 
demographics. This granularity gave us more confidence and 
flexibility in our study inclusion, such as including high-quality case 
studies where data methods were presented but perhaps not as 
clearly outlined as in a peer-review journal article. Capturing these 
studies helps us see a broader landscape than we could otherwise.

 

READING LIST
We evaluated a subset of 40 high-quality studies (titles 
found in the Annex) to provide readers with a pared-down 
recommended and high-quality reading list on DEAS 
services. This also lends itself to providing a sense of the 
breadth and depth of the study methods, outcomes and 
service types included in these studies, see Figure 10.

Unevidenced outcomes 

As many as 25% of included studies mentioned outcomes 
in their paper that were ultimately determined to be 
unevidenced. This was determined based on:

 ■ Unclear methods. Insufficient detail to assess the rigor 
of the study design in relation to the stated outcome. 
For example, some studies reported changes in farmers’ 
agronomic practices as a result of DEAS, but failed to 
disclose in detail how this was evidenced.

 ■ The study design was poor quality. Poor quality 
study design was determined based on factors such 
as sample size, alignment of research questions with 
the methods, and whether data methods accurately 
detected and reported outcomes. A common issue was 
quantitative studies with low sample sizes, or qualitative 
studies that framed interviews to lead respondents to 
respond positively about the intervention. 

 ■ The data interpretation was low quality. Conclusions 
were deemed non-rigorous if the inferences made 
from the collected data were highly unlikely. Examples 
include reporting of statistically insignificant outcomes, 
dependence on statistical correlations (without evidence 
of causal links), and unreasonable inferences. One study 
reported that “treatment farmers were less likely than 
control farmers to report that the timing of rainfall had 
changed...these results suggest that [the intervention] 
may have increased farmers’ sense of control over the 
agricultural production process.” 

This should not be confused with research that is overall 
low quality, especially given that many of the included 
studies were not designed to produce causal impact 
for an evidence synthesis. In fact, capturing these 
unevidenced outcomes shines a light on some of the 
outcome aspirations of what researchers intend to do 
with their studies, and opportunities to shore up gaps in 
methods and resources through additional training and 
measurement frameworks. 

Unintended outcomes are also included in this category. 
Few studies, for instance, were designed to detect changes 
in community cohesion, defined as the reduced conflict in 
communities and mending of broken families. Evidence 
of community cohesion seemed to arise from qualitative 
interviews of DEAS users and this was almost always 
unexpected. For example, in the process of creating and 
screening Digital Green agriculture extension videos with 
farmers, researchers observed “there were instances 
where [Digital Green] reunited estranged family members, 
whether they were feuding brothers or neglected 
widows—this effect was most frequent when the person 
alienated was featured in a video” (Gandhi et al., 2007).

Because scoping reviews are inclusive of heterogeneous 
study types, a formal risk of assessment or critical 
appraisal is not conducted (Munn et al., 2018). We avoided 
eliminating certain types of studies based solely on 
the study design type or data collection method (e.g., 
only including random-control trials) which has the 
inherent disadvantage of creating subjective allusions of 

FIGURE 10: Study methods and outcomes 
of 40 high-quality studies
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U SE FACILITATORS 
AND BARRIERS
Determining a service’s eff ectiveness is often 
measured by outcomes, such as whether 
a farmer changes a specifi c practice or 
experiences an increase in income. But whether 
any outcome occurs (positive, negative or nil) 
also depends on a series of use facilitators 
and barriers, such as the price of a service or 
consistent mobile network access. 

More than 70% of studies observed factors 
infl uencing use of DEAS. We used the unifi ed 
theory of acceptance and use of technology 
(UTAUT) proposed by Venkatesh et al. To 
organize 74 individual facilitators and barriers 
of DEAS as described in the literature, such 
as digital literacy, trust, and ease of use 
(Venkatesh et al., 2003, 2012). The inclusion of 
the framework  (Figure 11) improves our ability 
to refl ect, in a systematic and organized way, 
important descriptive details that researchers 
are noting in their research. The full list, 
defi nitions and examples of how these appear 
in research is available in the Annex. 

This framework helps us avoid a top-down 
and supply-driven approach by reframing 
the evaluation on users’ experience across 
four dimensions that are described in detail 
in each of the four sections: Performance 
Expectancy, Eff ort Expectancy, Social Infl uence, 
and Facilitating Conditions.

Each hexagon in Figure 11 includes the number 
of articles that describe the particular use 
facilitator. Each facilitator is available on the 
online resource to enable greater exploration. 
This, and the shading in each cluster, gives 
readers an immediate overview of what is being 
described in the literature.

 Performance Expectancy 
What’s the benefi t? Performance expectancy refers to the 
degree to which an individual believes that using a service will 
help him or her to improve their performance in a job or task.

■ Interactive Delivery Modality. Be it a phone call, a 
text message, a chat or video app, the way in which a 
user accesses and interacts with a service—the delivery 
modality—can also have a signifi cant impact on whether 
the service is used. Also known as ‘technology aff ordance’ 
in information and user-centered design circles, many 
studies measure how variables such as trust align with 
modalities (Wyche et al., 2016). For instance, a phone 
call usually conveys more trust than sending a text 
message and is highly interactive, but is not as easily 
shareable (Sengers and Gaver, 2005; Vyas, 2006). Videos, 
on the other hand, rate high on trust, ease of sharing, 
interpretation, and sensitivity to illiteracy, but they also 
present few options for interactivity and are subject to 
high network costs and device requirements. 

■ R educed Travel. Saving on travel was one of the most 
commonly reported value propositions, with 18 articles 
reporting this use facilitator. For example, a study in 
Ethiopia found market information services enabled 
farmers to transport larger batches of produce to market 
per trip, as the market information ensured the produce 
would be sold at a fair price (Tadesse & Bahiigwa, 2015). 
Reduced travel reportedly saved time, costs, and safety 
risks for users.

■ Choice. Providing users with choices and options tends 
to increase DEAS uptake. Precision Agriculture for 
Development let digital advisory service users in Gujarat 
(India) choose how often they received messages and this 
simple feature increased use by 28% (Czeczotka, 2018). 
Presenting users with more than one option enables 
users to make DEAS more localized, constraint-sensitive, 
interactive, respectful, priority-relevant and culturally 
sensitive.

IN THIS SECTION: 
► Types of barriers and 

facilitators to DEAS use

► Evaluation of how digital 
modality and interface 
impacts service use

► Emerging trends



30

FIGURE 11: DEAS use facilitators

PERFORMANCE
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CONDITIONS

SOCIAL
INFLUENCE
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Effort Expectancy
Is the technology easy to use? Effort expectancy refers to the 
degree of ease associated with the use of a service. 

 ■ Human Interface. Perhaps unsurprisingly, interaction 
with real people boosted awareness of a digital system 
and was also associated with trust, enjoyment, user 
network growth, ease of use, illiteracy sensitivity, digital 
illiteracy sensitivity, and localization. For instance, a 
randomized controlled trial in Ethiopia assessed the 
effectiveness of combining videos with conventional 
extension to facilitate improved soil management. The 
researchers found statistically significant spillover effects, 
where non-users leveraged the digital extension service 
through users (Hörner et al., 2019).  

 ■ Digital Literacy. The ability to operate digital devices 
and use them to find, share and create information 
for everyday problems can be a big barrier to effective 
DEAS implementation. A farmer’s education level has a 
significant positive influence on the use of agricultural 
technologies (Murendo, 2018). However, while 
researchers cite challenges of digital literacy, many 
farmers cite that services do not offer a compelling 
value proposition. We found that a lack of knowledge or 
digital literacy skills is not the main reason to preclude 
use; some studies suggest potential users will become 
motivated to learn how to use the service once they 
deem it to be sufficiently beneficial to be worth the 
effort. And many users find ways to overcome barriers 
when services are worthwhile. For example, pastoralists 
in Ethiopia found user-driven digital services so useful to 
their grazing operations that they travelled to elevated 
areas to make calls and placed mobile phones on high 
objects in their homes to pick up better reception  
(Debsu et al., 2016).

 ■ Familiarity. Some studies reported that having the 
DEAS in the local language and providing localized 
information helped facilitate use (Sowjanya et al., 2017). 
Videos including ‘relatable’ figures as demonstrators, 
such as showing women farmers to groups of women 
farmers during training, also helped to facilitate use and 
implementation of practices learned.

 ■ Responsiveness. We found many examples in the 
literature of farmers modifying existing services to be 
more responsive to their existing needs. In Ghana, 
for example, a smartphone app supplied to Ghanaian 
extension workers in 2018 to help them access 
information, connect farmers with other value chain 
actors, and report data back to the service providers 
was rarely used. Instead, extension workers were using 
‘Telegram’ chat groups created by fellow extension 
workers (Munthali et al., 2018). There were many 
examples of smallholder farmers leveraging Facebook, 
chat apps and phone calls to create their own digital 
advisory and extension services, digital financial services 
and digital market linkages, including pastoralists 
who used basic phones to exchange knowledge about 
sightings of nature reserve guards (Asaka & Smucker, 
2016; Butt, 2015). Overall, the ability to ask and answer 
questions deepened trust, engagement and practice 
change (Cole & Fernando, 2012). 

 ■ Affordable. The cost of supporting devices and 
mobile networks is one of the most commonly 
reported constraints to DEAS use. Costs commonly 
include device access, electricity access, mobile 
network access, service fees and service 
implementation costs, such as buying, transporting, 
and applying the fertilizer recommended by 
precision agronomy tools. Insensitivity to these costs 
and desired users’ capital constraints repeatedly 
constrained DEAS use. A Kenyan female farmer 
expressed worry about “those messages, which 
deduct money like the ones I am sent, so when 
Safaricom sends you money gets deducted like 10 
shillings, 20 shillings. That business is with Safaricom 
and it continues and it cannot be removed”  
(Wyche et al., 2016).

Social Influence
How much are social networks inspiring or dissuading 
DEAS use? Social influence refers to the degree to which 
an individual perceives that it is important that others 
believe he or she should use the new service.

 ■ Social Networks. Informal social networks, such as 
peer-to-peer sharing, help men and women farmers 
access information, whereas more formal networks 
such as a farmer’s organizations can help increase 
their bargaining power by working together as a 
collective (Bizkova, 2020). Be they virtual or real-life, 
social networks are turnkeys for innovation and 
digital transformation. Continued use of a service 
was much greater when farmers learned about it as 
part of a social network, or when their social network 
used a particular service. For example, a female 
farmer leveraged her social network to validate and 
appropriate a digital advisory service: “I was a bit 
afraid to use the new VFC information on my farm 
so I first called my brother who farms for a large 
cooperation in the south [of Ghana] to help me and 
explain whether the information is true and how 
it would work in practice [on my farm] and he did” 
(Barnett et al., 2020). Conversely, a dissatisfied user 
of a digital insurance service in Kenya explained 
“I will warn others in my town not to trust people 
coming around selling insurance to them.” (Wills, A., 
Pshenichnaya, N., de Chorivit, G., & Morain, G., 2015).

 ■ Community Support. One strategy to help mitigate 
digital literacy issues is social learning. In Burkina 
Faso, for instance, 75 farmers who received video-
based training copied the videos on their mobile 
phones, showed the videos to an average of eight 
other people, and transferred the videos to three 
other farmers’ mobile phones in the two months after 
the training took place. Younger people within a social 
network are frequently called upon to disseminate 
and instruct others about DEAS. A qualitative study 
of Fulani pastoralists in Northern Benin found young 
people were able to earn cash, in-kind donations, 
and social prestige by teaching elders digital literacy 
(Djohy et al., 2017).
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 ■ Embarrassment. DEASs that introduce a risk of 
embarrassment in their use also face obstacles to 
use. For example, an evaluation of ‘Plantwise’ Kenya 
found some small-scale farmers were hesitant to 
request more affordable pest management options 
from digitally-supported ‘plant doctors’ due to 
fear of embarrassment (American Institutes for 
Research, 2018).

Nearly 60% of studies reported that when 
a digitally-enabled service was used, it 
was associated with social networks such 
as farmer groups, co-operatives, family 
and friend networks. 

 
Facilitating Conditions
Are target users able to use a DEAS? Facilitating conditions 
refers to the degree to which an individual believes that 
an organizational and technical infrastructure exists to 
support use of the service and its performance. 

 ■ Device Requirements. Mobile phone penetration 
statistics often mask nuances that constrain DEAS 
use. For instance, household smartphone ownership 
does not guarantee useability of smartphone services. 
Smartphones are often shared inequitably within a 
household and the devices commonly lack sufficient 
quality and maintenance. Some studies found low 
device quality constrained use of DEAS, including issues 
with battery life, camera quality, cracked screens, 
worn keypads, operating software, durability and 
data storage.

 ■ Mobile Network Access. Similarly, many studies found 
mobile network accessibility is not a binary matter of 
availability and unavailability. Mobile networks also 
need to be affordable, reliable and locally available, 
particularly for users with limited mobility.

 ■ Awareness of DEAS. No matter the delivery modality, 
existing social networks are driving how users learn 
about DEAS services. For example, a study in Uganda 
found mobile money use was facilitated by access to 
information-rich social networks (Murendo et al., 2018). 
Table 4 provides a more in-depth breakdown on this 
characteristic and digital interfaces.

 ■ DEAS Sustainability. A study in India found farmers 
were forced to stop using a digital market linkage 
service because the service provision was discontinued 
(Arifu & Mercy Corps, 2020). Little evidence was found 
in regard to DEAS financial sustainability models.

What are the most used 
modalities and why?
Among the most frequently-used services are ones where 
farmers are interacting directly with each other, such as 
Facebook and WhatsApp groups, YouTube videos and 
phones calls. These often complemented products and tools 
developed by externally-driven services. Recognizing this 
complementarity can encourage donors, researchers and 
others to support and integrate with existing efforts, and 
reduce overall duplication of services and products. 

Table 4 provides an overview of how user-driven content 
complements externally-driven services across the seven  
digital interfaces—phone call with a real-person, a chat 
app with real people, video, custom apps, interactive voice 
response, pre-recorded voice messages and text message 
service— based on use facilitators.

Some takeaways include: 

 ■ Modalities such as phone calls or chat apps with real 
people were generally preferred;

 ■ No matter the delivery modalities, existing social 
networks are driving how users learn about 
DEAS services;

 ■ Real-person interactions facilitate higher levels of 
trust overall, but can also lead to higher levels of 
embarrassment about knowledge gaps. 

SMART CHAMAS 
Chamas, a Swahili word meaning “come 
together,” are locally organized groups that pool 
their money to distribute among members, 
via loans and emergency support. In Kenya, 
chamas account for a significant part of the 
country’s economy—approximately 18% of the 
country’s GDP. Entrepreneurs have been eager 
to help rural Kenyans move from chamas to 
formal financial services, with minimal success. 
Innovative researchers recently reframed the 
problem and created a digital financial service 
to support, rather than replace, chamas. The 
researchers developed and evaluated a custom 
smartphone app that digitized chama processes. 
The ‘smart chamas’ enabled the groups to 
save time and costs, increase transparency, 
and contribute to chamas remotely. A group 
treasurer explained: “It is good because there is 
absolutely no carrying books around. The book 
is already on the phone, and each one has her 
account. Sometimes we also lose information 
when notebooks are lost or torn apart.” 
(Chidziwisano et al., 2020).
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TABLE 4: An overview of mobile phone modalities’ and their use facilitators

USE FACILITATOR

USER-DRIVEN CONTENT EXTERNALLY-DRIVEN SERVICE

Phone call 
with real 
person

Chat app with 
real people Video Custom app

Interactive 
voice 
response

Voice 
message

Text 
message 
service

FA
CI

LI
TA

TI
N

G
 C

O
N

D
IT

IO
N

S Device 
Requirements Basic phone Smartphone Smartphone Smartphone Basic phone Basic 

phone
Basic 
phone

How did users 
learn about 
DEAS services?

Social 
network 

Social 
network

Findable on 
YouTube

Hard for 
users to  
find

Hard for 
users to 
find

Hard for 
users to 
find

Hard for 
users to 
find

Mobile network 
Requirements Low Mod High Mod Low Low Low

Sustained 
service

Low external 
inputs 

Low external 
inputs 

Low external 
inputs 

External 
inputs  
required

External 
inputs  
required

External 
inputs 
required

External 
inputs  
required

EF
FO

RT
 E

XP
EC

TA
N

CY

Digital literacy 
Requirements Low Mod Low High Mod Low Low

Literacy 
Requirements Low High Low Mod Low Low High

Human support Yes Yes No Maybe No No No

Timeliness On-demand On-demand On-demand On-demand Maybe Maybe Maybe

PE
RF

O
RM

A
N

CE
 E

XP
EC

TA
N

CY Localized Yes Yes Maybe Customized Maybe Maybe Maybe

Two-way Discussion Discussion No Interactive Interactive No No

Trust Higher Higher Maybe Maybe Maybe Maybe Maybe

Priority/constraint 
sensitive Yes Yes Maybe Customized Maybe Maybe Maybe

SO
CI

A
L 

IN
FL

U
EN

CE

Ease of sharing Easy Easy Easy Mod Hard Hard Mod

Culturally 
sensitive Yes Yes Maybe Maybe Maybe Maybe Maybe

Embarrassment 
avoided High risk High risk Low risk Low risk Low risk Low risk Low risk

Maintain 
relationships Yes Yes Maybe Maybe Maybe Maybe Maybe

STRENGTHS OF 
THE INTERFACES 

EFFECT IS 
UNCLEAR

WEAKNESSES OF 
THE INTERFACES 
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EMERGING TRENDS
FARMERS ARE DRIVING 
INNOVATION
Many far from being passive consumers, evidence 
shows that farmers are active agents who use and adapt 
information and services. Users took responsibility to 
increase the usefulness of externally-supplied DEASs—
including creating human touch, bundling services, turning 
information into extension, and creating their own DEASs. 

When Voutier and colleagues examined mobile phone 
use in Vietnam, Indonesia and Myanmar, they found that 
smallholder farmers were actively using their phones to 
grow their farming operation—but in very diff erent ways 
than they expected (Voutier, 2020). Most were leveraging 
user-driven phone calls and chat apps over externally-
driven smartphone apps. 

This study was far from alone in observing this 
phenomenon (Katengeza et al., 2014; Zanello et al., 2014). 

Across these studies, user involvement in creation and 
supply of DEAS was a meaningful driver of use and 
positive impact. Evaluators and researchers found farmers 
were active service users and creators, not simply passive 
service adopters.

COMPLEMENTARY MODALITIES
Some of the most successful and sustainable services 
used complementary modalities to deliver the same 
service. The Sri Lankan mobile network operator Dialog 
began off ering phone-call based DEAS and later combined 
it with a visual and customizable smartphone app 
(Lokanathan et al., 2011). The integration of additional 
modalities was relatively smooth because the business 
had established user trust and an understanding of 
user preferences. A mobile advisory service in Tanzania 
found that “users fi nd the voice-based explanations on 
agronomy practices especially valuable, but prefer to have 
a back-up text message with the same information they 
can refer to and share with others” (GSMA, 2015). This was 
true even if the users were struggling with literacy. 

HUMAN TOUCH
As noted earlier, the human touch can be a big 
driver of DEAS use and continued use—so much so 
that users commonly create or enhance the human 
support functionality of a DEAS using their own social 
networks, which are typically trusted, inexpensive 
and available on-demand. In Tanzania, farmers 
created their own person-to-person digital market 
linkages with traders and exporters (Karanasios & 
Slavova, 2018).

Many companies are recognizing the benefi t of social 
and human support, even if it adds to their costs. 
African digital data collection and services company 
Esoko introduced personalized calls to customers 
in an eff ort to build trust. This changed its business 
model, transitioning from being delivery-focused to 
service-focused. 

However, companies must also ensure they can 
deliver, as users can become frustrated when 
advertised human support is unavailable on-
demand. As one small-scale farmer trying a digital 
advisory service in India lamented, “I never got an 
opportunity to have a direct conversation with the 
experts. It never happened” (GMSA, 2014).



35

U SER DISPARITIES 
AND PRIVACY
Social Factors
Social diff erences, such as gender, age, education and 
wealth, are essential for understanding use of DEAS. For 
instance, gender may be a barrier for initial access and 
awareness about a DEAS, but become a facilitator for use 
and sustainability of services when a social network, such 
as a women’s group, is part of the experience. 

Few articles established the reasons why social diff erences 
may have infl uenced use. For instance, while studies 
often observed that services were used more by men 
(36 studies), more educated people (34 studies), wealthier 
people (36 studies) or younger people (31 studies), it was 
unclear whether specifi c user groups were targeted for 
testing. Details about how social factor data were collected 
and subsequently presented were unsystematic. For 
example, “more wealthy” farmers were still commonly 
below the poverty line in an evaluation of a phone-based 
farming knowledge sharing platform in Gujarat (Cole 
& Fernando, 2021). Defi nitions of “younger” or “more 
wealthy” were inexact and incomparable between studies.

There were exceptions. Nearly 20 articles were designed 
to evaluate how social factors impact use, including Digital 
Green co-developing and discussing nutrition videos with 
women’s groups in order to recognise and address gender-
specifi c needs and capabilities (Harris-Fry et al., 2020). 

Importantly, overlapping social factors such as education, 
socioeconomic status, race, class and gender, can 
create interdependent systems of discrimination and 
disadvantage which reinforce the exclusion of some 
groups—particularly, but not only, women—from the 
benefi ts of digital technology and services. The ability 
to look at social factors as a system is essential to 
fostering greater understanding of use of DEAS and avoid 
tendencies to assign certain characteristics to everyone 
who may be classifi ed into a particular category, such as 
elderly, youth or women (Sumberg & Hunt, 2019). 

Table 5 provides an overview of some of the most 
common observable constraints facing women, the less 
wealthy, and less educated users, but the data on this 
important area is sparse: only 30% of the papers included 
any data about social diff erences.

IN THIS SECTION: 
► User disparities and 

excluded populations 

► Data-sharing and 
user privacy

Women
Understanding the complex roles of women in agriculture 
is a cornerstone of both research and development, and 
a priority of many funders. Female farmers are estimated 
to comprise 43% of the global agricultural workforce 
and around 50% across countries in Sub-Saharan Africa 
(Mangheni et al., 2019). Women are frequently in charge 
of agricultural labor on the farm, as well as maintaining 
household food security and augmenting family incomes 
(Ghosh et al., 2015).

Lower use rates of DEAS among women versus men is 
attributed to several factors, including:

■ Social and Cultural Norms. Some studies found 
women were constrained from engaging in public 
video discussions with men present. Compost practices 
recommended by a video-based extension service in 
Malawi were unacceptable for women users because 
women digging and cutting was not a social norm (Cai et 
al., 2019).

■ Device Access. Despite some evidence of device sharing 
with friends and family, nine studies found women used 
DEAS less due to limited access to required devices 
(Rasmussen et al., 2015). A 20-year-old female farmer 
in Ghana registered for a phone-based advisory service 
“with my husband’s number [  ] my husband still uses 
the service […] but he has to travel often […] so I’m 
disengaged often […] now I did not hear from VFC for 
the past three months” (Barnett et al., 2020). In another 
study in Zambia, a female respondent explained “some 
wives can use the phone of their husbands, but other 
husbands don’t allow that; they say the wife will do things 
behind closed doors” (Gilissen, S., Sommeling, E., Penza-
Chona, B., Kirui, L., Pehu, E., Poutianen, P., Havimo, T.E., 
& Vyzaki, M., 2015). Two studies in Kenya photographed 
respondents’ mobile phones to demonstrate how women 
commonly used lower quality devices (if any) that were 
handed down from husbands and boyfriends ((Wyche et 
al., 2016).

■ Digital Literacy. Some women have received less 
education and this increases the need for illiteracy 
sensitivity, language familiarity, terminology familiarity, 
and ease of interpretation. 
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TABLE 5: How socio-demographics and social factors impact use of digital technologies

ADAPTED UTAUT 
DIMENSION USE FACILITATOR WOMEN LESS WEALTHY LESS 

EDUCATED

U

S

E

F

U

L

N

E

S

S

Performance 
expectancy

Capital constraint 
sensitivity

Lower access to 
household resources Less capital -

Labour access  
constraint sensitivity

Lower access to 
household resources Lower affordability -

Input access  
constraint sensitivity

Lower access to 
household resources Lower affordability -

Market access  
constraint sensitivity Lower mobility - -

Social 
influence

Avoid risk of 
embarrassment Higher risk Higher risk Higher risk

Culturally sensitive Gender norms - -

U

S

E

A

B

I

L

I

T

Y

 Effort 
expectancy

Illiteracy sensitivity - - Higher 
importance

Digital literacy 
sensitivity

Lower device access 
(to develop digital 
literacy)

Lower device access 
(to develop digital 
literacy)

Higher 
importance

Familiar language - - Higher 
importance

Terminology familiarity

Speed of use Lower time 
availability

Lower time 
availability -

Ease of interpretation - - Higher 
importance

Facilitating 
conditions

Awareness of DEAS
Less diverse social 
networks and lower 
access to marketing

Less diverse social 
networks and lower 
access to marketing

Lower 
access to 
marketing

Device access Lower device access 
within household Lower affordability -

Device quality Hand-me-down 
devices Lower affordability -

Network affordability - Lower affordability -

Electricity access Lower mobility Lower affordability -

Extension access Lower access Lower access Lower 
access
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 ■ Capital Constraints. Women are often less wealthy. 
Studies found women used DEAS less because they could 
not afford phone credit, recommended inputs, or the time 
required to make use of DEAS services (American Institutes 
for Research, 2018; Jain et al., 2012; Mwombe et al., 2014; 
Wyche et al., 2016). Women take on more unpaid care and 
household work, and when paid and unpaid working hours 
are combined, women work much longer hours compared 
to men (UN Women 2018).

 ■ Mobility. Two studies found women used DEAS less due 
to limited abilities to travel freely (American Institutes for 
Research, 2018; Barnett et al., 2020). This reduced mobility 
may have been due to safety risks, gendered household 
responsibilities or other cultural constraints.

Several studies suggest that women’s groups and social 
networks can help turn this around. Women tend to have 
stronger ties to their social networks than men, and these 
networks deliver important information channels that can 
significantly help in learning and using new technologies and 
farming practices (Magnan et al., 2015).  A study conducted 
in Northern Tanzania that examined the social networks and 
relationships amongst female rural agro-entrepreneurs suggests 
that the network improved sharing of market information, which 
had a positive impact on the sustainability and scalability of their 
enterprises. The study of 200 women in 20 villages found that 
many formed women’s groups around the new techniques they 
learned through farmer-to-farmer videos, as well as collectives to 
gain access to credit, training on how to appeal to more buyers, 
and even to negotiate higher prices in the market for their rice 
(Zossou et al., 2020).

Some studies showed that gender inclusivity was increased 
when women received in-person support provided by other 
women. Similarly, other studies found female role models 
in video interventions increased DEAS use by women (Cai et 
al., 2019; Zossou et al., 2010, Lecoutre et al., 2019). A female 
farmer in Malawi appreciated the female role model in an 
extension video service. “[The facilitator] said we do not 
need men to produce compost manure for us, as women, 
we can do it on our own” (Cai et al., 2019). However, a 
rigorous study in Uganda testing the effect of female role 
models in extension videos in Uganda found this approach 
is not a silver bullet (Lecoutre et al., 2019).

Education 
Access to education fosters greater levels of literacy and, 
for women in particular, every additional year of primary 
schooling increases wages by 10-20% (UN Women 2012). It is 
also a driver for the use and uptake of any DEAS—90 studies 
found sensitivity to illiteracy facilitated use of DEAS (the most 
commonly reported use facilitator). But illiteracy was not the 
only factor that constrained use of DEAS by less educated 
farmers. A study in Ghana found uneducated farmers were 
less likely to use a DEAS due to fear of judgement (Barnett 
et al., 2020). Some of the more multidimensional aspects 
of education, such as how disparities between educational 
attainment of urban and rural audiences impact use of DEAS, 
are not well-developed areas of study. 

One possible exception is in regard to educational 
attainment of extension workers. The education levels 
of extension workers have been tied to their ability 
to support increased use of technology, digital and 
otherwise, of farmers (Tata & McNamara, 2016). A multi-
country study conducted across Bangladesh, Ethiopia, 
Guinea, Honduras, Liberia, Malawi, and Nigeria found 
that extension agents with low education levels were 
lacking in many of the functional skills that were required 
to disseminate new technologies to farmers (Davis, K. & 
Spielman, D. J., 2017). Other studies focused on train-
the-trainer models of extension agents to deliver more 
effective digital services, such as the Catholic Relief 
Services (CRS) SMART Skills and Farmbook interventions 
on agricultural extension service delivery, found similar 
results (Tata & McNamara, 2018).

Wealth
Access to money and financial resources is one of the key 
indicators linking many aspects of use, decision-making 
and empowerment. Barriers of wealth can go beyond 
well-studied attributes like capital or credit and better 
device access, to less-discussed features, such as time 
availability to participate in activities. 

For instance, costs of and access to digital devices and 
services limits the ability of poorer farmers to purchase 
and maintain digital devices. Poorer farmers were less 
likely to be aware of the availability of DEAS potentially 
as a result of purposeful exclusion and limited access to 
social networks (Coggins et al., 2020, Fu & Akter, 2016). 
For example, a study in Pakistan found traders were more 
likely to contact larger-scale farmers with more produce 
to sell through user-driven market linkage services 
(Yamano et al., 2017).

DEAS benefits poorer farmers when the services are 
designed to address constraints such as time and limited 
access to inputs and markets. For example, a study 
in Uganda that observed poorer farmers sought out 
more information from an ICT-enabled fall armyworm 
advisory service. The authors speculated that poorer 
farmers were more motivated to use the DEAS because 
information flows are conventionally biased towards 
richer households (Tambo et al., 2019). This finding 
highlights the urgent need to recognize and address DEAS 
use constraints facing underserved less wealthy farmers.

There is limited evidence to suggest that farmers with 
more income are more likely to be involved in research 
about DEAS since they have greater access to the 
devices and more time for participation. This creates 
an automatic bias and disparity in who is studied, and 
could be evaluated in greater detail in the future. A study 
examining Tanzania mobile phone owners described 
them as, “the educated: businessmen and emerging 
businessmen, not mere peasants. The majority of 
farmers do not have access to mobile phones, or even 
phone kiosks” (Molony, 2008).
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Age
Additional data on social factors and studies with 
clearer measurement methodology are needed to 
assess how age impacts use of DEAS. 

There is some evidence that older farmers used DEAS 
less than younger farmers. A few studies indicated 
older farmers were less attracted to digital advisory 
and extension services because of preexisting farming 
experience and discomfort with digital platforms. A 
non-user of an agronomy extension service in Gujarat 
(India) asked “Why would I use such a system? [...] I 
am already respected in my community as someone 
knowledgeable in agriculture” (Patel et al., 2010). An 
older farmer in Kenya explained “We fear Facebook 
and only know it is meant for young people. We are too 
old to use Facebook” (Wyche & Olson 2018).

Three studies reported that younger farmers were 
more willing to try various DEASs (Tata & McNamara, 
2016; Voutier, 2020; Patel et al., 2010). At least three 
studies reported younger farmers used DEAS more 
due to higher levels of digital literacy, but without 
clear indicators of what was being measured (Djohy, 
2017,Okello et al., 2012, Howland et al., 2015). 

Privacy 
More detailed demographic data will need to be 
collected if gender and social disparities are to be fully 
understood and addressed. But improving the quality 
of user data to improve service design comes with 
its own set of risks around data privacy. The health 
community has more mature lessons to learn from, 
ranging on issues of genetic testing, online patient 
portals and now digital health passports, and that will 
not be fully explored in this paper (Poyner & Sherratt, 
2018).

With the exception of one study, we found no evidence 
in our target countries focused on farmers’ concerns 
over data-sharing. This is a signifi cant and concerning 
evidence and research gap, given that we also found a 
high correlation of farmers’ preference for commercial 
solutions like WhatsApp and YouTube that require 
opting in to data privacy and use policies that allow for 
increased access to personal data.

More broadly, the issue of whether specifi c consent by 
farmers is needed to share their data has only recently 
surfaced as an issue in Europe in 2018 due to both 
the General Data Protection Regulation (GDPR) and 
the EU Code of Conduct for agricultural data sharing. 
Meanwhile, best practices on data sharing principles 
for agriculture are being developed primarily by 
farmer stakeholder platforms such as the American 
Farm Bureau and the National Farmers Federation in 
Australia. These guidelines encourage agribusinesses 
to disclose how they are using and sharing farmers’ 
data, but they are voluntary (van der Burg et al., 2020).

CONCLUSION
Evidence is built on thousands of studies produced over 
time. This synthesis refl ects on the past 20 years’ worth of 
work by an incredible community of dedicated researchers 
and professionals engaging with farmers all over the 
world. The cumulative result is that there is innovation, 
enthusiasm and transformation happening everywhere.

A collective synthesis can mask this groundswell, however, 
when it cannot claim a single “thrust” towards just one 
area. Unlike more established fi elds where benchmarking 
is somewhat easier, services for digital agriculture is, if not 
in its infancy, then in its youth. 

We have no time to waste on pursuing innovations that 
ignore what we have learned from the past, particularly 
when it comes to putting short-term productivity gains 
ahead of opportunities to reduce the impacts of climate 
change and build resilient communities.
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EVIDENCE GAPS
In order to fully understand the ecosystem in which digitally-
enabled agricultural services are used and their impact 
on the lives of farmers, we need a comprehensive set of 
data across DEAS types (advisory and extension services, 
fi nancial services, tools and market linkages) and outcome 
areas (economic growth, resilience, environment and 
empowerment). 

Overall, we have signifi cant gaps in evidence, described 
below and in the section on Impact, that keep us from 
having a holistic view. 

The gaps are part of a bigger issue spanning agricultural 
research and impact. Missing from the 21st century digital 
agriculture landscape are foundations and frameworks 
that would establish common globally-owned practices, 
such as minimum data standards for digital agriculture. 
For instance, the coordinated collection of data on social 
factors such as gender, wealth, and cultural and social 
norms, will be key to monitoring how the fi eld is progressing 
and how research on digital agriculture can inform other, 
bigger picture strategies. We will need a process to manage 
and continuously integrate new information across digital 
agriculture, one that also addresses data sharing and 
privacy. 

While the gaps can provide a roadmap for areas of research 
prioritization, we urge readers to always consider them 
within a larger framework to remember that progress in 
digital agriculture is highly interdependent on creating an 
enabling environment based on removing long entrenched 
barriers, as described in the section on social factors and 
highlighted in Table 5. And, despite its name, the evidence 
gap map (Figure 10) also serves to highlight areas of 
progress—such as digital advisory and extension services, 
which has benefi tted from a decades’ worth of research— 
and where eff orts should be accelerated. Lessons learned 
in these areas could be applied to others where information 
is lacking.

Research Gaps
■ Climate Resilience. Very few studies positively and 

meaningfully addressed complex environmental and 
climate resilience using DEAS. Changing course on this, 
given the complexity of both climate change and digital 
technologies, will require signifi cant revisions to current 
research incentives and programs. The good news is 
that we do need to start from scratch. Rather, an initial 
assessment and integration of existing metrics that have 

already been developed by implementers and research 
organizations could achieve a series of short-term data 
capture wins.  

■ Environmental Sustainability. Positive sustainability 
outcomes were incremental and typically analyzed and 
discussed peripherally to economic growth-related 
outcomes. As previously noted, studies failed to 
measure primary outcomes related to environmental 
sustainability, despite many service types dedicated to 
weather, climate, water usage, land and soil.

■ Socio-Demographic Data.  Very little demographic 
information is being collected. Just 30% of studies 
reported social and demographic data. The gaps 
around social factors data including gender, wealth 
and cultural and social norms also lack clarity about 
what is being measured.

■ Cultural and Social Barriers.  There are important 
cultural and contextual barriers at play that must be 
considered in the study of technology, especially digital 
technology. These issues were mentioned, but not 
addressed, in most studies. Working with local partners 
to examine these issues would enable greater and 
more equitable participation by the audiences that we 
discussed in the section on user disparities—the poor, 
uneducated and women.

■ Small-and-medium Enterprises. Research about the 
roles that small-to-medium-sized enterprises play in 
facilitating digital services is limited. This constrains our 
ability to examine and discuss the unique facilitators 
and barriers of this targeted user group. This group of 
users is especially important to understand, as they face 
diff erent challenges than farmers.  

■ Bundled Services. Given that the value proposition 
of combining services across service providers is 
compelling, we need future studies to develop this body 
of evidence.

■ Incentives to Foster an Enabling Environment for 
Growth. Empirical data about how regulatory agencies, 
policies, and businesses interact with research and 
development to scale growth was largely absent—though 
often mentioned by researchers as a critical enabling 
factor for growth and scalability. The gap also includes 
work examining the role of infrastructure to foster the 
availability of current and emerging services, as well 
as work that identifi es incentives and mechanisms to 
encourage strengthening links between actors.
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■ Big Data in Action. There is a lot of commentary and 
very limited evidence about how we should scale up big 
data and enable it to enter a services pipeline. There must 
be investment into establishing a data infrastructure 
and digitally-enabled environment, or else data’s 
transformative impact will continue to be curtailed.

■ Commercial Services. Commercial services data is largely 
unavailable. Commercial enterprises provide crucial and 
inextricable links, and we need empirical evidence about 
their operations, challenges and opportunities in order to 
create a holistic picture of impact on the ground.

Metrics & Outcomes Gaps
■ Inclusivity, Empowerment and Agency Outcomes. A 

dearth of social factor data limits inquiry into serious and 
known issues. For instance, the services evaluating digital 
market linkage services did not include any examples 
of gender outcomes, and yet enabling more equitable 
participation by female small-scale producers in market 
and mechanization programs would help women increase 
their earning potential. Researchers need more tools to 
incorporate better data collection measurements into 
their work.

■ Resilience & Risk. There are limited examples of studies 
measuring resilience and risk, including the areas of 
climate resilience, as previously noted. Greater inquiry 
into the roles and pathways that facilitate resilience 
are needed. As this domain continues to evolve, it will 
be important to discern the best ways to measure how 
digital technologies are contributing. For instance, there 
is compelling evidence to suggest that social networks 
are among the most eff ective use facilitators and lead to 
sustained use of digital services. 

■ Macro-level Measurements. Research continues to 
emphasize approaches focused on agriculturally-led 
growth and most data capture methods and analysis 
reinforce this level of analysis. Studies like this are 
designed to capture impact at the household and farm-
level. Careful planning will be needed in the future to 
measure more complex units of bigger-picture analysis.

■ Measurement Frameworks. There is no evidence 
of ongoing work to create standard measurement 
frameworks, indicators, or other tools that would produce 
consistent metrics across studies. Even long-standing 
measurements like ‘yield’ can be a challenge to actually 
measure in the digital context. Standardized assessment 
language, practices and guidelines, similar to those that 
exist in medicine and health sciences, can be valuable 
resources for the community to draw upon. This should 
incorporate elements of behavioral science and decision-
making, user-centered design, or other social science 
practices.

■ Sustainability of Services. Many of the studies 
we evaluated were short-term and project-
based services. They described the concerns over 
sustainability, but very few studies evidenced 
DEAS cost-eff ectiveness and fi nancial sustainability 
models. The lack of cost data has been noted in 
other landscape evaluations (Murphy et al., 2020).

40
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RECOMMENDATIONS

 ■ Fast-track and increase investments to understand 
digital’s impacts. We encourage funders to explore a 
research agenda that includes significant investment 
in understanding digital’s social and behavioral 
impacts. We need programs that emphasize sustained 
inquiry on digital, rather than prioritizing quick, 
isolated wins. Certain outcomes, such as agricultural-
led growth, are already well integrated into the 
research pipeline. Achieving commensurate growth 
for resilience, climate, and agency & empowerment 
outcomes will require behavior change and an 
emphasis on cross-sector collaboration.  

 ■ Prioritize research that focuses on understanding 
the role of cross-sector service providers. Many of 
the services used by farmers are provided by sectors 
that serve populations other than farmers, such as the 
financial and health sectors. Accordingly, many of the 
studies that report on the uptake of digital and mobile 
services are not specific to farmers. In the evaluation 
of digitally-enabled agricultural services, we must 
reconsider if the impacts we are looking at are more 
broadly applicable to rural development. 

 ■ Establish data governance and farmer data privacy 
task forces for agriculture. Funding organizations 
should take the lead to proactively commission the 
creation of data governance and privacy guidelines 
to avoid the risks of data exploitation. Emerging 
technologies such as digital identity could make a 
significant difference in the lives of farmers, but should 
be well studied before they are implemented. Very few 
studies mentioned farmers’ concerns or awareness 
about data-sharing policies. Given that farmers rely 
heavily on services that consume personal data, such 
as WhatsApp and Facebook, data privacy discussions 
and frameworks should feature more prominently with 
researchers who are watching farmers use and engage 
with these technologies. 

Addressing the evidence gaps identified in this report will 
require a multi-pronged strategy of short-term gains and 
long-term wins. Strengthening metrics to close gaps across 
inclusivity, empowerment and agency outcomes could achieve 
a series of short-term gains that result in immediate impact for 
advisory and extension services, for instance, while outcomes 
like climate resilience will require a more complex and in-
depth strategy, with studies that incorporate clear incentives 
for multi-dimensional change.  

We encourage funders, researchers, private and public 
businesses, and policymakers to galvanize around a 
research and learning agenda for digital agriculture that 
creates meaningful incentives for transformative partnerships 
and investments. 

This ambitious agenda must fit into other ongoing and existing 
priorities and commitments, including the Food Systems 
Summit 2021 and the UN Decade of Action. Concurrent with 
the rollout of such an agenda is the need to step-up advocacy 
efforts for digitally-enabled agricultural services to ensure 
collective aspirations become collective priority.   

Specific recommendations include: 
 ■ Foster a results-oriented research culture for digital 
agriculture. Investment in mechanisms that will foster 
an ongoing and overarching evidence-based picture 
to inform the work of policymakers, researchers, and 
funders. This includes scaled-up investments in assessment 
practices and tools that make better use of the data that 
we already have, and can seamlessly integrate in new 
data. Researchers and implementers will need formal and 
informal training programs that emphasize reporting and 
assessment tools, and well-defined measurement and 
indicator frameworks should be incorporated into real-
world research opportunities. These could be organized 
out of research and training centers modeled after the 
successful Innovation Hubs developed by USAID. 
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■ Investigate ways to promote public-
private data sharing. In order to 
enable the public sector to benefi t from 
commercially-drawn agricultural services 
data and bridge critical evidence gaps, 
we should collect more standardized 
information on businesses across the 
agricultural market landscape. Through 
farmer registration, governments 
are uniquely positioned to build and 
maintain national databases that 
facilitate data sharing that will create 
more opportunities for integrated or 
bundled services. Existing inventories of 
businesses and implementers could pilot 
various approaches to incentivize better 
data collection and monitoring and 
evaluation approaches. 

■ Ensure that new services and 
products involve end-users in service 
design. User involvement in service 
design and its provision has a direct 
relationship to ensuring its relevance 
to user’s priorities and constraints. As 
highlighted in our section on Emerging 
Trends, incorporating human support, 
combining modalities and making 
services fl exible can facilitate this 
practice and increase uptake. While user-
design services and evaluation should be 
de facto in studies, we saw many studies 
where user design was incorporated at 
the end in a testing phase, or not at all.

■ Establish a short-term working 
group that will identify and prioritize 
datatifi cation of public-sector 
resources. Public sector data sources 
could be transformed into data services 
to enable them to be better leveraged 
by service providers. These include 
resources about inputs such as seeds 
and pesticides, plant disease trackers, 
zoonotic tracing for disease, and more. 
A task force can evaluate ongoing 
work in this space and prioritize where 
investments to make this data available 
as a service for suppliers would have 
maximum impact for farmers.
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ANNEX
Evidence Synthesis Protocol Template for Agricultural Scoping Reviews
Based on the PRISMA-ScR (Preferred Reporting of Systematic Reviews and Meta-Analyses Extension for Scoping Reviews), 
PRISMA-P (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols) and materials developed by The 
Campbell Collaboration. 

Administrative Information

1. Identification: Mixed methods synthesis informed by scoping review protocol 

2. Registration: Open Science Framework: https://osf.io/q6aj8

3. Authors: Porciello, Jaron (ORCID 0000-0002-3179-1971); Coggins, Sam; Otunba-Payne, Gabriella; Mabaya, Edward.

Background
This scoping review will discover, map and evaluate how the proliferation of digital technology and data analytics in 
agriculture is contributing to the lives of farmers and agricultural service providers in developing country economies. We 
focus on the steadily rising numbers of digital farmer services, defined broadly as: “products and services that utilise digital 
tools, digital channels, or digitally-enabled data analytics (e.g., machine learning/ AI) to deliver information, advice, farming 
input linkages, market access, logistics support, financial services, and decision-making tools directly to smallholder farmers 
or to other intermediaries of smallholder value chains, including extension agents, agro-dealers, agribusinesses, financial 
service providers and policymakers” (Tsan et al., 2019).

Digital technologies and data analytics have transformed all sectors of industry and society, but how they are changing 
agriculture can be better understood. In particular, what impact do they—and can they—have on the 570 million family-run 
farms around the world.

The number of mobile phone subscribers is estimated to rise in coming years with the next wave of mobile connections 
being driven largely by rural communities (World Bank, 2016). Growing volumes of private sector and donor investments 
suggest digital services will be increasingly prominent in the agricultural value chains of low- and middle-income countries 
(Tsan et al., 2019).  

The interest surrounding digital services for farmers is also accompanied by uncertainty. Evidence is growing fast but across 
many sources and platforms, representing a significant challenge to create an overall synthesis. 

A comprehensively and rigorously mapped synthesis will decrease some of the uncertainty surrounding the outcomes 
that have, and have not, been facilitated by digital farmers services. We also aim to increase awareness of underlying and 
systematic reasons why and offer evidence-based assessments to address it.

A scoping review aims to explore the key concepts underpinning a research area and the main sources and types of 
evidence available (Tricco, A. C. et al 2016). They provide an evidence-based framework for systematically searching and 
thematically characterizing the extent, range, and nature of existing evidence. We have three aims. First, we will map 
existing literature on digital agriculture in order to identify key concepts, interventions and approaches, and gaps in the 
research; and types and sources of evidence. Secondly, we will engage experts to guide the relevancy  and context of the 
work and help us fill in knowledge gaps and currency of our findings. And finally we will identify a range of outcomes and 
indicators where digital has been used and where it can be amplified in the future.
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METHODS 
 
1. Objectives: 

Population  ■ Small-scale and medium-scale producers and/or agricultural service providers in low- and 
middle- income countries.

Sub-population  ■ Agricultural value chain actors that support small- and medium-scale producers in low- and 
middle-income countries. We will use the Official Development Assistance decision matrix for 
country inclusion. Larger economies, such as Brazil and China, will be excluded due to limited 
resources.

Interventions  ■ Digital services for agriculture (such as digital farmer services, digital technologies, smart 
farming), and others as identified through the review

Comparison  ■ The following comparators will be included:

 ■ A control case (temporal, or spatial) for identifying the outcomes in the absence of the 
intervention (this can be from an RCT, pre-post, post-post etc).

 ■ A comparison between alternative interventions.

 ■ Original research without a control on a population of interest.

Outcomes  ■ Productivity,  food and nutrition security, yield, income, practice change, social inclusion, 
resilience, gender, knowledge increases, 

 ■ Other outcomes as identified through the review.
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2. Definitions & key concepts
Term Working definition Reference

Adoption  “The degree of use of a new technology in long-run 
equilibrium when the farmer has full information 
about the new technology and its potential”.

Feder, G., Just, R. E., & Zilberman, 
D. (1985). Adoption of agricultural 
innovations in developing countries: 
A survey. Economic development and 
cultural change, 33(2), 255-298.

Advisory and 
information services

“Information on topics such as agronomic best 
practices, pests and diseases, weather and market 
prices, as well as more sophisticated digital advisory 
services and farm management software tailored to 
the specific farmer, farm or field”.

Tsan, M., Totapally, S., Hailu, M., & 
Addom, B. K. (2019). The Digitalisation 
of African Agriculture Report 2018–2019. 
CTA.

Bundling Bundling is when companies package several of their 
products or services together as a single combined 
unit, often for a lower price than they would charge 
customers to buy each item separately.

CTA. “How Bundled Services Are 
Impacting Over A Million Smallholder 
Farmers. 2018

Digital farmer 
services

“Products and services that utilise digital tools, digital 
channels, or digitally-enabled data analytics (e.g., 
machine learning/

AI) to deliver information, advice, farming input 
linkages, market access, logistics

support, financial services, and decision-making 
tools directly to smallholder farmers or to other 
intermediaries of smallholder value chains, including 
extension agents, agro-dealers, agribusinesses, 
financial service providers and policymakers.”

Tsan, M., Totapally, S., Hailu, M., & 
Addom, B. K. (2019). The Digitalisation 
of African Agriculture Report 2018–2019. 
CTA.

Digital technologies ICTs [information communication technologies], 
including the Internet, mobile technologies  and  
devices,  as  well  as  data  analytics  used  to  improve  
the generation,  collection,  exchange,  aggregation,  
combination,  analysis,  access, searchability and 
presentation of digital content, including for the 
development of services and apps.

● Digitally-enabled data sources (a mix of public 
and private): cellular phone data, satellite 
imagery, geospatial data including weather 
data, market price data

● Digitally-enabled data collection instruments: 
drones, remote sensors, satellites, mobile 
phones, on-farm machines such as tractors, 
soil sensors, livestock sensors

● Digitally-enabled service instruments and 
applications (e.g., what are the mechanisms 
by which service providers offer services 
back to farmers?): mobile phones and 
mobile phone apps, text messages, on-farm 
machines such as tractors,  

Digital Opportunities for Better 
Agricultural Policies, OCED (2019) https://
www.oecd-ilibrary.org/agriculture-and-
food/digital-opportunities-for-better-
agricultural-policies_571a0812-en 
 
Future of Food: Harnessing Digital 
Technologies to Improve Food System 
Outcomes, World Bank (2020) 
https://www.worldbank.org/en/topic/
agriculture/publication/future-of-food-
harnessing-digital-technologies-to-
improve-food-system-outcomes 
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Extension services “Systems that facilitate the access of farmers, their 
organizations and other market actors to knowledge, 
information and technologies; facilitate their 
interaction with partners in research, education, agri- 
business, and other relevant institutions; and assist 
them to develop their own technical, organizational 
and management skills and practices”

Christoplos, I. (2010). Mobilizing the 
Potential of Rural and Agricultural 
Extension, FAO, Office of Knowledge 
Exchange, Research and Extension: 
The Global Forum for Rural Advisory 
Services, Rome, Italy.

Farmer 
intermediaries

Intermediation also includes activities supporting 
local producers by improving vertical and horizontal 
coordination roles and enabling the collective action 
of producers . Intermediaries are also argued to help 
in the upgrading of producers in terms of process 
and product upgrading, introducing better production 
methods to boost cluster performance and in 
enhancing compliance with quality standards. Lastly, 
intermediaries may help in enhancing the institutional 
environment, for example helping producer 
organisations lobby for favourable legislation.

Ramirez, M., Clarke, I., & Klerkx, L. (2018). 
Analysing intermediary organisations 
and their influence on upgrading 
in emerging agricultural clusters. 
Environment and Planning A: Economy 
and Space, 50(6), 1314-1335.

Intervention ““Intervention” describes a deliberate involvement in a 
process or system intended to influence events and/or 
consequences.”

Belcher, B., & Palenberg, M. (2018). 
Outcomes and impacts of development 
interventions: toward conceptual clarity. 
American Journal of Evaluation, 39(4), 
478-495.

Implementation Comprising the specific means or methods for 
adopting and sustaining interventions.

Proctor, E. K., Powell, B. J., & McMillen, 
J. C. (2013). Implementation strategies: 
recommendations for specifying and 
reporting. Implementation Science, 8(1), 
139.

Rural Populatio Rural population refers to people living in rural areas 
as defined by national statistical offices. It is calculated 
as the difference between total population and urban 
population. Aggregation of urban and rural population 
may not add up to total population because of 
different country coverages.

IFAD, Rural Development Report 2019 
https://www.ifad.org/
documents/38714170/41192713/
RDR2019_Chapter09_W.pdf/827a0834-
61cc-c880-d962-dddaaa5ca723

Small-scale 
producers

“Producers who operate an amount of land falling in 
the first two quintiles (the bottom 40 percent) of the 
cumulative distribution of land size at national level 
(measured in hectares); and operate a number of 
livestock falling in the first two quintiles (the bottom 
40 percent) of the cumulative distribution of the 
number of livestock per production unit at national 
level (measured in Tropical Livestock Units – TLUs); and 
obtain an annual economic revenue from agricultural 
activities falling in the first two quintiles (the bottom 
40 percent) of the cumulative distribution of economic 
revenues from agricultural activities per production 
unit at national level (measured in Purchasing Power 
Parity Dollars).”

FAO & SDG 2.3 Definitions 2018 
http://www.fao.org/3/cb0767en/
cb0767en.pdf

Smart farming “[Synonymous with smart farming,] Agriculture 4.0 
is based on Precision Agriculture principles with 
producers using systems that generate data in their 
farms, which will be processed in such a way to make 
proper strategical and operational decisions.”

Saiz-Rubio, V. and Rovira-Más, F., 2020. 
From smart farming towards agriculture 
5.0: a review on crop data management. 
Agronomy, 10(2), p.207.
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RESEARCH QUESTION: 
 
What is the spectrum of digital services and service providers in agriculture that are reaching small-scale producers that 
impact outcomes including but not limited to food security, resilience, income and employment, yields and productivity, 
financial and social inclusion, and gender equity? 

3. Secondary research questions:  

Can we begin to identify which discrete datasets are most frequently used to inform digital farmer services? 
 ■ How do we characterize the impact of digital agriculture services and tools on heterogeneous populations and outcomes 
that fall under the broad category of “small-scale producers”? 

 ■ What are the opportunities to characterize digital agriculture’s impact on nutrition, income, inclusion, productivity 
and resiliency outcomes? What are some of the best studies that measure them, and what are the opportunities for 
reproducibility?  

 ■ What are the innovation strategies (e.g. interventions) detected in the dataset, and how do those seem to correlate to 
outcomes and indicators? 

 ■ Where do we see evidence of outcomes that are related to using data to make decisions, and are they correlated with 
specific datasets or indicators?

 ■ Do clear trends exist to encourage the bundling of certain tools and services to achieve specific outcomes? Is there a 
measurable impact or determinant on the cost and scale?

 ■ What are the facilitators for use of digital agriculture tools and services? 

 ■ Which populations are most-heavily studied when it comes to digital farmer services? 

 ■ Who is empowered and incentivized to participate and who is left out? What are the evidence gaps on gender, and how 
do they relate to indicators, outcomes and innovative strategies?

 ■ What are the risks that are associated with digital agriculture technologies, who is most vulnerable, and what strategies 
are underway to protect them?

 ■ Who are the local data and service providers, and to what extent does localized data and information improve timeliness, 
quality and relevance of the services? 

 ■ What is the role and the impact of the private sector in supporting the scalability and sustainability of digital agriculture?

 ■ What are the emerging trends and drivers of digital agriculture in particular economies? 
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4. Eligibility criteria: 

For an article to be included in this study, it must meet all of the following inclusion

Criteria:

 ■ Studies addressing small-or medium scale producers AND/OR agricultural service providers

 ■ Studies explicitly examine the effects of digital services or data analytics

 ■ Studies examine one or more of the following outcomes for small-scale producers or agricultural service providers: food 
security, resilience, income and employment, yields and productivity, financial and social inclusion, or gender equity

 ■ Studies assessments need to include original data from the target population(s),

 ■ Original research (qualitative and quantitative reports) and/or review of existing 

 ■ research including grey literature”

 ■ Studies need to be from our list of included geographies, found in the appendix

 ■ Study is written in English 

For an article to be excluded from this scoping review, it must meet one of the

following exclusion criteria:

 ■ Studies focusing on non-small-or medium scale producers or agricultural service providers

 ■ Studies do not explicitly examine digital services or data analytics

 ■ Studies do not examine one or more of the following outcomes for small-scale producers or agricultural service 
providers: food security, resilience, income and employment, yields and productivity, financial and social inclusion, or 
gender equity

 ■ Studies without original data from the target population(s)

 ■ Studies are not from our list of included geographies 

 ■ Not original research 

Study is written in a non-English language 
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5. Information sources: 
We will conduct a search of the following electronic databases and grey literature sources.

 
List of resources searched 

Science databases Grey literature

CAB Abstracts (Clarivate Analytics) 
Web of Science (Clarivate Analytics) 
Scopus (Elsevier) 
EconLit (EbscoHost) 
Dissertations and Theses Global (ProQuest)

• African Theses & Dissertations
• FAO (Food and Agriculture Organization)
• World Bank
• USAID (United States Agency for International Development)
• DFID (Department for International Development)
• GIZ (German Society for International Cooperation)
• IDRC (International Development Research Centre)
• ACIAR (Australian Centre for International Agricultural Research)
• OECD
• BMGF (Bill and Melinda Gates Foundation)
• Mastercard Foundation
• CCAFS (Climate Change, Agriculture and Food Security)
• Monitoring and Learning Platform (MEL CGIAR)
• CGIAR GENDER Platform 
• Guardian
• Africa Rice
• Bioversity International
• CIFOR (Center for International Forestry Research)
• CIAT (International Center for Tropical Agriculture)
• CIMMYT (International Maize and Wheat Improvement Center)
• CIP (International Potato Center)
• ICARDA (International Center for Agricultural Research in the Dry 

Areas)
• ICRISAT (International Crops Research Institute for the Semi-Arid 

Tropics)
• IFPRI (International Food Policy Research Institute (IFPRI)
• IITA (International Institute of Tropical Agriculture)
• ILRI (International Livestock Research Institute)
• IRRI (International Rice Research Institute)
• International Water Management Institute (IWMI)
• World Agroforestry Centre
• WorldFish Center
• IDS (Institute of Development Studies)
• CIRAD (Centre de coopération internationale en recherche 

agronomique pour le développement)
• CRS (Catholic Relief Services)
• CTA (Technical Centre for Agricultural and Rural Co-operation)
• JPAL
• PAD (Precision Agriculture for Development)
• Malabo Montpelier Panel
• GSMA Mobile for Development
• Digital Green
• Grow Asia
• AgFunder
• IDInsight
• African Development Bank
• Asian Development Bank
• AgEcon Search
• Mercy Corps
• 250 studies were contributed from a global survey 
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6. Search strategy: 

Search strategy (results based on Cab Abstracts)

TS=(“smallhold*” OR “small hold*” OR “small farm*” OR “microfarm*” OR “micro-farm*” OR 
“family-managed farm*” OR “family-run farm*” OR “family-owned farm*” OR “family farm*” OR 
“pastoral*” OR “agropastoral” OR “agro-pastoral” OR “ejido” OR “silvopastoral”)  

66,577

TS=((“small-scale” OR “smallscale” OR “low-income” OR “poor-income” OR “subsistence” OR “semi-
subsistence” OR “resource-poor” OR “resource-limited” OR “small-size*” OR “low-income” OR 
“peasant*” OR “village*” OR “household*”))

294,490

TS=(“trader*” OR “processor*” OR “agro-exporter*” OR “agroexporter*” OR “dealer*” OR 
“agro-dealer*” OR “agrodealer*” OR “wholesaler*” OR “miller*” OR “village merchant*” OR 
“commission agent*” OR “broker*” OR “retailer*” OR “aggregator*” OR “buyer*” OR “trading 
firm*” OR “farm-firm*” OR “tender*” OR “service provider*” OR “trucker*” OR “transporter*” OR 
“logistics enterprise*” OR “third-party logistics” OR “freight forwarder*” OR “small enterprise*” 
OR “rural enterprise*” OR “ micro-enterprise*” OR “microenterprise*” OR “food manufacturer*” 
OR “packager*” OR “distributor*” OR “warehous*” OR “cold storage” OR “intermediary” OR 
“intermediaries” OR “middle-man” OR “middle-men”)

179,888

#1 OR #2 OR #3 513,627

TS=((“developing” OR “less-developed” OR “underdeveloped” OR “under-developed” OR “middle-
income” OR “low-income” OR “underserved” OR “under-served” OR “deprived” OR “poor”) NEAR/2 
(“countr*” OR “nation*” OR “population*” OR “world”))  

6,074,642

#4 AND #5 388,326

TS=(“mobile phone*” OR “mobilephone*” OR “smart phone*” OR “smartphone*”) 3,602

TS=((extension OR advisory OR information OR knowledge) OR (ICT OR information 
communication technology))

2,078,457

TS=(“digital agriculture” OR “precision agriculture” OR “smart farm*) 10,668

#7 OR #8 OR # 9 2,080,605

#4 AND #6 AND #9 76,736

FINAL SEARCH 5,382
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7. Study records 
We will perform searches across all information sources listed in Section 5 of this protocol and de-
duplicating to remove redundant citations. We will leverage a machine-learning model described 
in Porciello et al 2020 to help accelerate title and abstract screening, full text discovery and data 
extraction. 

First, we will process the citations through a machine-learning model (MLM) developed by Porciello. 
Our MLM is comprised of Bidirectional Encoder Representations from Transformers (BERT), Support 
Vector Machines (SVM)- k-nearest neighbors (KNN)-Stochastic Gradient Boosting Machines, Word2Vec 
and Continuous Bag of Words (CBOW) with applied Hearst patterns, and Latent semantic analysis 
(LSA). The MLM has been used to analyze, classify, label, and perform data extraction on more than 
500,000 structured and unstructured summaries from prominent sources for agricultural research. 
The model labels each citation with additional metadata, such as target geography, population, and 
more. 

We will use the inclusion/exclusion criteria for a dual screening process of rapid title screening, title 
and abstract screening, full text screening and data extraction. We will be conducting several expert 
tests post the rapid title screening stage to assess whether the machine-modeled classification can be 
further utilized to decrease the screening efforts. 

Full article coding will be conducted using Google Forms, which will feed into a central Google Sheet 
document. The Google Sheet document will be exported as a csv file upon full article code completion. 
All criteria as listed in the PRISMA and ROSES guidelines will be documented and stored (Haddaway et 
al., 2018; Moher et al., 2009 ). The full text assessment of inclusion, and coding will be completed by 
one reviewer per article.

Each paper that makes it through to data extraction will be reviewed for all of the data identified in 
data charting.
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8. Reading list
We reviewed many excellent articles as part of our work. 
The following were selected as a reading list to highlight 
the breadth and depth of high-quality research that 
we reviewed.

Abate, G. T., Bernard, T., Makhija, S., & Spielman, D. J. (2019). Accelerating 
technical change through video-mediated agricultural extension: Evidence 
from Ethiopia (Vol. 1851). Intl Food Policy Res Inst. https://www.
ifpri.org/publication/accelerating-technical-change-through-video-
mediated-agricultural-extension-evidence

Adu-Baffour, F., Daum, T., & Birner, R. (2018). Can Big Companies’ 
Initiatives to Promote Mechanization Benefit Small Farms in Africa? 
A Case Study from Zambia. A Case Study from Zambia (June 12, 2018). 
ZEF-Discussion Papers on Development Policy, 262.

Africa Enterprise Challenge Fund. (2015). Assessing the Impacts of Shamba 
Shape Up: A report commissioned by AECF and led by University of 
Reading [Report]. https://cgspace.cgiar.org/handle/10568/70084

Arouna, A., Michler, J. D., Yergo, W. G., & Saito, K. (2021). One Size Fits 
All? Experimental Evidence on the Digital Delivery of Personalized 
Extension Advice in Nigeria. American Journal of Agricultural Economics, 
103(2), 596–619. https://doi.org/10.1111/ajae.12151

Banayo, N. P. M. C., Haefele, S. M., Desamero, N. V., & Kato, Y. (2017). 
On-farm assessment of site-specific nutrient management for rainfed 
lowland rice in the Philippines. Field Crops Research, 220, 88–96. 
https://doi.org/10.1016/j.fcr.2017.09.011

Butt, B. (2015). Herding by mobile phone: Technology, social networks and 
the “transformation” of pastoral herding in East Africa. Human Ecology, 
43(1), 1–14. https://doi.org/10.1007/s10745-014-9710-4

Camacho, A., & Conover, E. (2019). The impact of receiving SMS price 
and weather information on small scale farmers in Colombia. 
World Development, 123, 104596. https://doi.org/10.1016/j.
worlddev.2019.06.020

Clarkson, G., Garforth, C., Dorward, P., Mose, G., Barahona, C., Areal, F., & 
Dove, M. (2018). Can the TV makeover format of edutainment lead to 
widespread changes in farmer behaviour and influence innovation 
systems? Shamba Shape Up in Kenya. Land Use Policy, 76, 338–351. 
https://doi.org/10.1016/j.landusepol.2018.05.011

Cole, S., & Sharma, G. (2018). The Promise and Challenges of 
Implementing ICT in Indian Agriculture. India Policy Forum, 
14(1), 173–240. https://econpapers.repec.org/article/ncancaerj/
v_3a14_3ay_3a2018_3ai_3a2018-1_3ap_3a173-240.htm

Courtois, P., & Subervie, J. (2015). Farmer bargaining power and market 
information services. American Journal of Agricultural Economics, 97(3), 
953–977. https://doi.org/10.1093/ajae/aau051

Deininger, K., & Goyal, A. (2012). Going digital: Credit effects of land 
registry computerization in India. Journal of Development Economics, 
99(2), 236–243. https://doi.org/10.1016/j.jdeveco.2012.02.007

Diendere, A. A. (2019). DETERMINANTS OF THE AWARENESS AND USE OF 
ELECTRONIC INFORMATION SYSTEMS: EVIDENCE FROM FARMERS IN 
BURKINA FASO. Review of Agricultural and Applied Economics (RAAE), 
22(1), 3–13. https://doi.org/10.22004/ag.econ.285308

Djohy, G., Edja, H., & Schareika, N. (2017). Mobile phones and socio-
economic transformation among Fulani pastoralists in northern 
Benin. Nomadic Peoples, 21(1), 111–135. https://www.researchgate.
net/publication/314096252_Mobile_Phones_and_Socio-economic_
Transformation_Among_Fulani_Pastoralists_in_Northern_Benin

Fafchamps, M., & Minten, B. (2012). Impact of SMS-Based Agricultural 
Information on Indian Farmers. The World Bank Economic Review, 
26(3), 383–414. https://doi.org/10.1093/wber/lhr056

Haushofer, J., & Shapiro, J. (2016). The short-term impact of 
unconditional cash transfers to the poor: Experimental evidence 
from Kenya. The Quarterly Journal of Economics, 131(4), 1973–
2042. https://doi.org/10.1093/qje/qjw025

Hörner, D., Bouguen, A., Frölich, M., & Wollni, M. (2019). The Effects 
of Decentralized and Video-based Extension on the Adoption of 
Integrated Soil Fertility Management – Experimental Evidence from 
Ethiopia (No. w26052; p. w26052). National Bureau of Economic 
Research. https://doi.org/10.3386/w26052

Jensen, R. (2007). The Digital Provide: Information (Technology), 
Market Performance, and Welfare in the South Indian Fisheries 
Sector. The Quarterly Journal of Economics, 122(3), 879–924. 
JSTOR. http://www.jstor.org/stable/25098864

Jeong, D. (2020). Creating (Digital) Labor Markets in Rural 
Tanzania (ATAI). https://www.atai-research.org/wp-content/
uploads/2019/12/Jeong_labormarket_searchcost_v2.pdf

Kramer, B., & Ceballos, F. (2017). Enhancing adaptive capacity through 
climate-smart insurance: Theory and evidence from India | IFPRI : 
International Food Policy Research Institute. https://www.ifpri.org/
publication/enhancing-adaptive-capacity-through-climate-smart-
insurance-theory-and-evidence-india

Lecoutere, E., Spielman, D. J., & Van Campenhout, B. (2020). 
Women’s empowerment, agricultural extension, and digitalization: 
Disentangling information and role-model effects in rural Uganda. 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3505653

Makokha, C., Malambo, S., & Holtkotte, E. (2020). Developing a Digital 
Financial Services Product for Zambian Smallholders: A Zoona Case 
Study [Mercy Corps AgriFin]. https://www.mercycorpsagrifin.org/
wp-content/uploads/2020/04/Zoona-Case-Study.pdf

Maredia, M. K., Reyes, B., Ba, M. N., Dabire, C. L., Pittendrigh, B., 
& Bello-Bravo, J. (2018). Can mobile phone-based animated 
videos induce learning and technology adoption among low-
literate farmers? A field experiment in Burkina Faso. Information 
Technology for Development, 24(3), 429–460.

Mdemu, M., Kissoly, L., Bjornlund, H., Kimaro, E., Christen, E. W., van 
Rooyen, A., Stirzaker, R., & Ramshaw, P. (2020). The role of soil 
water monitoring tools and agricultural innovation platforms in 
improving food security and income of farmers in smallholder 
irrigation schemes in Tanzania. International Journal of Water 
Resources Development, 36(sup1), S148–S170. https://doi.org/10.1
080/07900627.2020.1765746

Mudombi, S. (2013). Role of Information and Communication 
Technologies (ICTs) in Climate Change Awareness in Seke and 
Murewa Districts of Zimbabwe. African Technology Policy Studies 
Network, ATPS. https://media.africaportal.org/documents/wps75.
pdf

Munthali, N., Leeuwis, C., van Paassen, A., Lie, R., Asare, R., van 
Lammeren, R., & Schut, M. (2018). Innovation intermediation in a 
digital age: Comparing public and private new-ICT platforms for 
agricultural extension in Ghana. NJAS - Wageningen Journal of Life 
Sciences, 86–87, 64–76. https://doi.org/10.1016/j.njas.2018.05.001

Muralidharan, K., Niehaus, P., Sukhtankar, S., & Weaver, J. (2018). 
Improving Last-Mile Service Delivery using Phone-Based Monitoring 
(No. w25298; p. w25298). National Bureau of Economic 
Research. https://doi.org/10.3386/w25298
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Murendo, C., Wollni, M., De Brauw, A., & Mugabi, N. (2018). Social Network Effects on Mobile 
Money Adoption in Uganda. The Journal of Development Studies, 54(2), 327–342. https://
doi.org/10.1080/00220388.2017.1296569

Mwantimwa, K. (2019). Use of mobile phones among agro-pastoralist communities in 
Tanzania. Information Development. https://doi.org/10.1177/0266666917739952

Ochieng, Dennis O., Botha, R., & Baulch, Bob. (2020). Market information and access to 
structured markets by small farmers and traders: Evidence from an action research 
experiment in central Malawi. International Food Policy Research Institute (IFPRI).I. https://
doi.org/10.2499/p15738coll2.133613

Sekabira, H., & Qaim, M. (2017). Mobile money, agricultural marketing, and off-farm income 
in Uganda. Agricultural Economics, 48(5), 597–611. https://doi.org/10.1111/agec.12360

Sharma, S., Rout, K. K., Khanda, C. M., Tripathi, R., Shahid, M., Nayak, A., Satpathy, S., Banik, 
N. C., Iftikar, W., Parida, N., Kumar, V., Mishra, A., Castillo, R. L., Velasco, T., & Buresh, R. 
J. (2019). Field-specific nutrient management using Rice Crop Manager decision support 
tool in Odisha, India. Field Crops Research, 241, 107578–107578. PubMed. https://doi.
org/10.1016/j.fcr.2019.107578

Tadesse, G., & Bahiigwa, G. (2015). Mobile Phones and Farmers’ Marketing Decisions 
in Ethiopia. World Development, 68, 296–307. https://doi.org/10.1016/j.
worlddev.2014.12.010

Tambo, J. A., Aliamo, C., Davis, T., Mugambi, I., Romney, D., Onyango, D. O., Kansiime, M., 
Alokit, C., & Byantwale, S. T. (2019). The impact of ICT-enabled extension campaign on 
farmers’ knowledge and management of fall armyworm in Uganda. PloS One, 14(8), 
e0220844. https://doi.org/10.1371/journal.pone.0220844

Van Campenhout, B. (2017). There is an app for that? The impact of community knowledge 
workers in Uganda. Information, Communication & Society, 20(4), 530–550. https://doi.
org/10.1080/1369118X.2016.1200644

Van Campenhout, B. (2019). The Role of Information in Agricultural Technology Adoption: 
Experimental Evidence from Rice Farmers in Uganda. Economic Development and 
Cultural Change, 000–000. https://doi.org/10.1086/703868

Vasilaky, K., Toyama, K., Baul, T., & Karlan, D. (2018). Learning Digitally: 
Evaluating the Impact of Farmer Training via Mediated Videos. Abdul 
Latif Jameel Poverty Action Lab (J-PAL). https://static1.squarespace.com/
static/593ef400d2b85780fbc82544/t/5d700a036ee674000199d35c/1567623684641/
Learning+Digitally_+Evaluating+the+Impact+of+Farmer+Training+via+Mediated+Videos.
pdf

Wossen, T., Abdoulaye, T., Alene, A., Feleke, S., Ricker-Gilbert, J., Manyong, V., & Awotide, 
B. A. (2017). Productivity and welfare effects of Nigeria’s e-voucher-based input 
subsidy program. World Development, 97, 251–265. https://doi.org/10.1016/j.
worlddev.2017.04.021

Wyche, S., & Steinfield, C. (2016). Why Don’t Farmers Use Cell Phones to Access Market 
Prices? Technology Affordances and Barriers to Market Information Services Adoption 
in Rural Kenya. Information Technology for Development, 22(2), 320–333. https://doi.org/1
0.1080/02681102.2015.1048184

Zanello, G., & Srinivasan, C. S. (2014). Information Sources, ICTs and Price Information in 
Rural Agricultural Markets. The European Journal of Development Research, 26(5), 815–
831. https://doi.org/10.1057/ejdr.2014.1

Ziegler, M., Garg, L., Tiwary, S., Vashistha, A., & Heimerl, K. (2019). Fresh Insights: User 
Research towards a Market Information Service for Bihari Vegetable Farmers. 
Proceedings of the Tenth International Conference on Information and Communication 
Technologies and Development. https://doi.org/10.1145/3287098.3287115
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9. Data charting 

Each paper that is selected for inclusion will undergo a data 
extraction process to  document the following criteria.

Data Extraction Framework

1 Article ID (title if unavailable)

2 Does the article meet all inclusion criteria?

3 Study Name

4 Study type

5 Data type

6 Data collection start year

7 Data collection end year

8 Study flaws identified

9 Publication thoroughness

10
What is ONE delineated country analysed? 
(select multiple countries if data 
aggregated across countries)

11

What is ONE delineated DFS 
intervention(s) OR use(s) analyzed? (select 
multiple options if data is aggregated 
across DFS interventions/uses)

12
If Nigeria, what is ONE delineated state/
union territory analyzed (select multiple 
options if data aggregated across states)

13
If India, what is ONE delineated state 
analyzed (select multiple options if data 
aggregated across states)

14 Were these DFS interventions/uses 
bundled?

15
What is ONE delineated population 
analysed? (select multiple options if data 
aggregated across populations)

16 Is data presented relevant to supplier 
lens?

17 Was the identified population intended or 
unintended users?

18 DFS funder type

19 DFS funder name

20 DFS implementer type

21 DFS implementer name

22 Costs for implementers

23 Revenue for implementers

24 Intent for DFS to be sustained?

25 Year DFS implementation started

26 Year DFS implementation ended

27 DFS sustainability facilitators

28 DFS sustainability constraints

29 Intent for DFS to scale

30 DFS scale facilitators

31 DFS scale constraints

32 Data that powered DFS?

33 Specific dataset that powered DFS?

34 Data powering facilitators

35 Data powering constraints

36 Data generated by DFS

37 Data generation facilitators

38 Data generation constraints

39 Anything else regarding supplier lens?

40 Number of respondents for delineated 
population

41 Proportion of female respondents (for 
delineated population)

42 Age of average respondent for delineated 
population

43 Education level of average respondent for 
delineated population

44 Literacy of average respondent for 
delineated population

45 Income source of average respondent for 
delineated population

46 Digital literacy of average respondent

47 Distance to market of average respondent

48 DFS modality for users

49 Crop/livestock focus of delineated DFS use

50 Farm management practice focus of the 
delineated DFS use

51 Number OR proportion of registered users 
(registered for DFS)

52 Number OR proportion of engaged users 
(know how to use DFS and have done so)

53
Number OR proportion of active users (used 
DFS regularly enough to feel the full benefit 
of the solution)

54 Number OR proportion of DFS disusers 
(select one option)

55 Mobile network costs for DFS user

56 DFS subscription cost (or equivalent)

57 Other use costs for user

58 How was the DFS introduced

59 User ability to shape design of DFS?

60 Evidence that social difference (sex, age etc) 
influenced use?

61 Was the DFS associated with a social 
network?

62 Use facilitators reported

63 Use barriers reported

64 Disuse facilitators

65 Disuse barriers

66 Anything else regarding user lens

67 Is data presented relevant to impact lens?
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68 Outcome evidence [Gender]

69 Outcome evidence [Other social inclusion]

70 Outcome evidence [Practice change]

71 Outcome evidence [Productivity]

72 Outcome evidence [Yield]

73 Outcome evidence [Income]

74 Outcome evidence [Resiliency]

75 Outcome evidence [Nutrition]

76 Outcome intention [Gender]

77 Outcome intention [Other social inclusion]

78 Outcome intention [Practice change]

79 Outcome intention [Productivity]

80 Outcome intention [Yield]

81 Outcome intention [Income]

82 Outcome intention [Resiliency]

83 Outcome intention [Nutrition]

84 Gender outcome explanation

85 Social inclusion explanation

86 Practice change outcome explanation

87 Productivity outcome explanation

88 Yield outcome explanation

89 Income outcome explanation

90 Resiliency outcome explanation

91 Nutrition outcome explanation

92 Other outcomes evidenced (add effect, 
intention AND explanation)

93 Other outcomes mentioned but 
unevidenced

94 Anything else regarding impact lens?

95 Is this a favourite paper of yours?

96
Did the paper present disaggregated data 
for other DFS interventions OR geographies 
OR populations?

97 Name of DFS program

98 Data extractor (teammate)

99 Did you find additional sources we should 
consider including?

100 if excluded BUT interesting, why? (optional)

101 Any other reflections?

102 Why exclude?

103 Was this DFS informally created by users?

104 Did the DFS deliberately involve an in-
person intermediary?

105 Did the people/organisation that wrote this 
article also implement the DFS?

106 Device(s) used for DFS modality

10. Critical appraisal of individual 
sources of evidence
No formal critical appraisal is conducted for a scoping 
review. We will categorize and map positive, neutral, 
negative and unevidenced outcomes. 
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ANNEX Definitions and examples of use facilitators & barriers

UTAUT 
dimension

Sub-
category Use facilitator Definition Examples

Pe
rf

or
m

an
ce

 e
xp

ec
ta

nc
y

Relevant 
to user 
priorities 
(145)

Bundled_services
Multiple service types 
delivered to farmers 
as one service 

 

Comprehensive_
information

User perceives service 
provides sufficient 
information

“I have been using the chemical fertilisers, so in order to 
make a shift to organic fertilisers I need to know the whole 
process of applying it to the crops”  Palmer, T. (2014) . mKisan 
Midline Evaluation. February – April 2014. GSMA.

Flexible_
applicablility

User perceives service 
to be transferable 
across multiple use 
cases

Grow_
professional_
network

User perceives use of 
service could develop 
new connections with 
other agricultural 
professionals

“We have a larger variety of buyers and even places 
for selling our products. We exchange the contacts of 
traders among ourselves” Krone, M., Dannenberg, P., 
& Nduru, G. (2016). The use of modern information 
and communication technologies in smallholder 
agriculture. Information Development, 32(5), 1503-1512. 
doi:10.1177/0266666915611196

Immediate_benefit
User perceives use 
of service will deliver 
benefits quickly

Improves_
transparency

User perceives use 
of service will enable 
them to monitor 
other agricultural 
organisations and 
professionals

“Everyone in the group will be able to see how much we 
have. That is more important for the group. There is no way 
treasurer can use the money for her own expenses without 
the group knowing” Chidziwisano, G. H., Wyche, S., & Kisyula, 
R. (2020). SmartChama: Designing Collaborative Digital 
Financial Systems for Chama Groups in Kenya. Proceedings 
of the 2020 International Conference on Information 
and Communication Technologies and Development. 
doi:10.1145/3392561.3394641

Incentives
Incentives to use the 
service (unrelated to 
its core function)

Motivation_
supported

Use increases user’s 
motivation

“I like [the actor in the video] as she said we do not need men 
to produce compost manure for us, as women, we can do it 
on our own” Cai, T., Steinfield, C., Chiwasa, H., & Ganunga, T. 
(2019). Understanding Malawian farmers’ slow adoption of 
composting: Stories about composting using a participatory 
video approach. Land Degradation & Development, 30, 1336-
1344.

Priority_sensitive_
general

Aligned with user’s 
priorities (unspecified 
how)

“We are not so much interested in information on prices, 
because the amount we produce is so small that we are not 
really interested in obtaining price information.” Gilissen, S., 
Sommeling, E., Penza-Chona, B., Kirui, L., Pehu, E., Poutianen, 
P., Havimo, T.E., & Vyzaki, M. (2015). Supporting women’s 
agro-enterprises in Africa with ICT : a feasibility study in 
Zambia and Kenya. World Bank

Privacy_supported User’s information 
kept private

“This table for shares should not be there. If one of the 
members sees my shares, it’s a problem. This is similar to 
the same problem we have. If other members know you 
have more shares, they will come to you and request to 
borrow money. You can’t say no because they have seen 
you have more money than them” Chidziwisano, G. H., 
Wyche, S., & Kisyula, R. (2020). SmartChama: Designing 
Collaborative Digital Financial Systems for Chama Groups 
in Kenya. Proceedings of the 2020 International Conference 
on Information and Communication Technologies and 
Development. doi:10.1145/3392561.3394641
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UTAUT 
dimension

Sub-
category Use facilitator Definition Examples

Performance 
expectancy

Relevant 
to user 
priorities 
(145)

Priority_sensitive_general
Aligned with 
user’s priorities 
(unspecified 
how)

“We are not so much interested in information on prices, 
because the amount we produce is so small that we 
are not really interested in obtaining price information.” 
Gilissen, S., Sommeling, E., Penza-Chona, B., Kirui, L., 
Pehu, E., Poutianen, P., Havimo, T.E., & Vyzaki, M. (2015). 
Supporting women’s agro-enterprises in Africa with ICT : a 
feasibility study in Zambia and Kenya. World Bank

Privacy_supported
User’s 
information 
kept private

“This table for shares should not be there. If one of 
the members sees my shares, it’s a problem. This is 
similar to the same problem we have. If other members 
know you have more shares, they will come to you and 
request to borrow money. You can’t say no because 
they have seen you have more money than them” 
Chidziwisano, G. H., Wyche, S., & Kisyula, R. (2020). 
SmartChama: Designing Collaborative Digital Financial 
Systems for Chama Groups in Kenya. Proceedings of 
the 2020 International Conference on Information 
and Communication Technologies and Development. 
doi:10.1145/3392561.3394641

Saves_money
User saves 
money by using 
the service

Saves_time
User saves time 
by using the 
service

Saves_travel
User travels 
less by using 
the service

“Farmers without ICT had great difficulties in accessing 
complex knowledge as it is costly to access since physical 
travel is often required” Krone, M., Dannenberg, P., 
& Nduru, G. (2016). The use of modern information 
and communication technologies in smallholder 
agriculture. Information Development, 32(5), 1503-1512. 
doi:10.1177/0266666915611195

Updated_content
Content 
provided by 
service is 
refreshed

“There is a lot of information in Kulima but Kulima needs 
to be updated always for instance about the varieties of 
maize, Longe 4 is missing on the phone yet it is on the 
market. Information on emerging pest and diseases for 
example the maize armyworm (Fall Armyworm) which 
has been attacking maize yet in the Kulima app it is not 
included therefore it needs to be updated.” Mugabi, 
N., State, A., Omona, J., & Jansson, Birgitta. (2018). 
Revolutionalizing agriculture extension delivery through 
mobile telephony: The experience of village enterprise 
agent model in Greater Masaka area, Uganda. WIT 
Transactions on Ecology and the Environment. 217. 963-
974. 10.2495/SDP180811.

Service_benefits_conveyed
User 
understands 
service’s value 
proposition

“These people (in the video) look healthy and have 
smoothskin because they harvest more. We only eat 
once a day” Cai, T., Steinfield, C., Chiwasa, H., & Ganunga, 
T. (2019). Understanding Malawian farmers’ slow 
adoption of composting: Stories about composting using 
a participatory video approach. Land Degradation & 
Development, 30, 1336-1344.

Relevant 
to user 
strengths 
(139)

Choice_supported
Service offers 
user multiple 
options

“I have the final power when it comes to bargaining 
about the price. Some buyers may just come and 
they want to give you a low price and I don’t agree. 
If we reach that point, then I call other buyers. So I 
have the power in that” Krone, M., Dannenberg, P., 
& Nduru, G. (2016). The use of modern information 
and communication technologies in smallholder 
agriculture. Information Development, 32(5), 1503-1512. 
doi:10.1177/0266666915611195

Discussion_supported

Service helps 
user discuss 
service and its 
content with 
real people

“You can send, but someone can just be silent, so it 
just makes you want to talk” Wyche, S., & Steinfield, C. 
(2015). Why Don’t Farmers Use Cell Phones to Access 
Market Prices? Technology Affordances and Barriers to 
Market Information Services Adoption in Rural Kenya. 
Information Technology for Development, 22(2), 320-
333. doi:10.1080/02681102.2015.1048184
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UTAUT 
dimension

Sub-
category Use facilitator Definition Examples

Performance 
expectancy

Relevant 
to user 
priorities 
(145)

Priority_sensitive_general
Aligned with 
user’s priorities 
(unspecified 
how)

“We are not so much interested in information on prices, 
because the amount we produce is so small that we 
are not really interested in obtaining price information.” 
Gilissen, S., Sommeling, E., Penza-Chona, B., Kirui, L., 
Pehu, E., Poutianen, P., Havimo, T.E., & Vyzaki, M. (2015). 
Supporting women’s agro-enterprises in Africa with ICT : a 
feasibility study in Zambia and Kenya. World Bank

Privacy_supported
User’s 
information 
kept private

“This table for shares should not be there. If one of 
the members sees my shares, it’s a problem. This is 
similar to the same problem we have. If other members 
know you have more shares, they will come to you and 
request to borrow money. You can’t say no because 
they have seen you have more money than them” 
Chidziwisano, G. H., Wyche, S., & Kisyula, R. (2020). 
SmartChama: Designing Collaborative Digital Financial 
Systems for Chama Groups in Kenya. Proceedings of 
the 2020 International Conference on Information 
and Communication Technologies and Development. 
doi:10.1145/3392561.3394641

Saves_money
User saves 
money by using 
the service

Saves_time
User saves time 
by using the 
service

Saves_travel
User travels 
less by using 
the service

“Farmers without ICT had great difficulties in accessing 
complex knowledge as it is costly to access since physical 
travel is often required” Krone, M., Dannenberg, P., 
& Nduru, G. (2016). The use of modern information 
and communication technologies in smallholder 
agriculture. Information Development, 32(5), 1503-1512. 
doi:10.1177/0266666915611195

Updated_content
Content 
provided by 
service is 
refreshed

“There is a lot of information in Kulima but Kulima needs 
to be updated always for instance about the varieties of 
maize, Longe 4 is missing on the phone yet it is on the 
market. Information on emerging pest and diseases for 
example the maize armyworm (Fall Armyworm) which 
has been attacking maize yet in the Kulima app it is not 
included therefore it needs to be updated.” Mugabi, 
N., State, A., Omona, J., & Jansson, Birgitta. (2018). 
Revolutionalizing agriculture extension delivery through 
mobile telephony: The experience of village enterprise 
agent model in Greater Masaka area, Uganda. WIT 
Transactions on Ecology and the Environment. 217. 963-
974. 10.2495/SDP180811.

Service_benefits_conveyed
User 
understands 
service’s value 
proposition

“These people (in the video) look healthy and have 
smoothskin because they harvest more. We only eat 
once a day” Cai, T., Steinfield, C., Chiwasa, H., & Ganunga, 
T. (2019). Understanding Malawian farmers’ slow 
adoption of composting: Stories about composting using 
a participatory video approach. Land Degradation & 
Development, 30, 1336-1344.

Relevant 
to user 
strengths 
(139)

Choice_supported
Service offers 
user multiple 
options

“I have the final power when it comes to bargaining 
about the price. Some buyers may just come and 
they want to give you a low price and I don’t agree. 
If we reach that point, then I call other buyers. So I 
have the power in that” Krone, M., Dannenberg, P., 
& Nduru, G. (2016). The use of modern information 
and communication technologies in smallholder 
agriculture. Information Development, 32(5), 1503-1512. 
doi:10.1177/0266666915611195

Discussion_supported

Service helps 
user discuss 
service and its 
content with 
real people

“You can send, but someone can just be silent, so it 
just makes you want to talk” Wyche, S., & Steinfield, C. 
(2015). Why Don’t Farmers Use Cell Phones to Access 
Market Prices? Technology Affordances and Barriers to 
Market Information Services Adoption in Rural Kenya. 
Information Technology for Development, 22(2), 320-
333. doi:10.1080/02681102.2015.1048184
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Relevant 
to user 
strengths 
(139)

Extension_access_
sensitive

Complements users’ 
level of (in)access 
to formal and non-
digital Extension 
service(s)

“I am happy and feel special [when I receive a VFC voice 
message], because […] I personally have not had any 
encounter with the agriculture extension officers. I have not 
really enquired or sought for any help elsewhere. I also […] do 
not have many friends to whom I could talk” (6014)

Interactive Responsive to user 
input

“This table for shares should not be there. If one of the 
members sees my shares, it’s a problem. This is similar to 
the same problem we have. If other members know you 
have more shares, they will come to you and request to 
borrow money. You can’t say no because they have seen 
you have more money than them” Chidziwisano, G. H., 
Wyche, S., & Kisyula, R. (2020). SmartChama: Designing 
Collaborative Digital Financial Systems for Chama Groups 
in Kenya. Proceedings of the 2020 International Conference 
on Information and Communication Technologies and 
Development. doi:10.1145/3392561.3394641

Learning_supported
User perceives 
service could 
increase user’s 
knowledge

“If anything [new comes out] in research, we are informed 
through the forums we have like telegrams and tablets. 
That information [is] updating our knowledge in the field of 
agriculture extension” (6014)

User_respected User feels respected 
by the service

“The moderators and talk show participants respect our 
questions and answer it very politely. This makes us very 
happy and we always yearn for the next talk show to 
come.” Gebru, B., Mworozi, E., Kibaya, P., & Kaddu, J. (2018). 
Enhancing Resilience to Water-related Impacts of Climate 
Change in Uganda’s Cattle Corridor (CHAI ll). IDRC Uganda.

User_involvement User involved in 
supply of the service

“All these conferences, round tables, blah blah blah. Experts 
assume farmers’ needs, design solutions for them and the 
solutions fail.” Rivera, A., Moore, A. (2020). Digital Agricultural 
Extension in Malawi: Working Draft 11/6/2019 Rollout of the 
Extension Helper App. USAID.

Trusted 
(103)

Credible_source
User perceives 
supplier of service to 
be credibl

“I do not answer questions on AO because farmers cannot 
give proper answers to people’s questions. Only an expert 
can do that. I know some answers but they are not pukka 
[authoritative] and there are pukka answers on AO, that is 
why I like AO. [A DSC staffer] gives accurate answers that 
work for [farmers] and so I prefer listening to him” Patel, N., 
Chittamuru, D., Jain, A., Dave, P., & Parikh, T. S. (2010). Avaaj 
Otalo: A field study of an interactive voice forum for small 
farmers in rural India. Proceedings of the 28th International 
Conference on Human Factors in Computing Systems - CHI 
’10, 733. https://doi.org/10.1145/1753326.1753434

Information_reliability
User perceives 
service information 
to be reliable

Ease_of_testing

User can quickly and 
cheaply test using 
service and/or its 
content on a small-
scale

“You know not everybody is to be trusted. So even if you 
call someone and they tell you there is grass and water in 
their area, you must go and confirm before you move your 
cattle.” Asaka, J. O., & Smucker, T. A. (2016). Assessing the 
role of mobile phone communication in drought-related 
mobility patterns of Samburu pastoralists. Journal of Arid 
Environments, 128, 12-16. doi:10.1016/j.jaridenv.2015.12.001

Relatable_source
User perceives 
supplier of service to 
be relatable

Trust_general
User trusts the 
service (unspecified 
how)



74

UTAUT 
dimension Sub-category Use facilitator Definition Examples

Pe
rf

or
m

an
ce

 e
xp

ec
ta

nc
y

Relevant to user 
constraints (145)

Capital_access_sensitive
Aligned with 
user’s constraints 
regarding access to 
capital

Constraint_sensitive_
general

Aligned with 
user’s constraints 
(unspecified how)

“Blended fertilizer and improved seeds are 
relatively unambigu-ous practices, since the 
benefits of mineral fertilizer and quality seeds 
are rather common knowledge among farmers. 
For these two technologies, supply and liquidity 
shortages appear to be much more decisive than 
information constraints” Hörner, D., Bouguen, 
A., Frölich, M,. Wollni, M.(2019). The Effects of 
Decentralized and Video-Based Extension on the 
Adoption of Integrated Soil Fertility Management 
– Experimental Evidence from Ethiopia . NBER 
Working Paper No. w26052.

Input_access_sensitive
Aligned with 
user's constraints 
regarding access to 
agricultural inputs

Labour_access_sensitive
Aligned with 
user's constraints 
regarding access to 
labour

Localized_or_site-specific
Service and/or its 
content adapted to 
user's geography

Market_access_sensitive

Aligned with 
user's constraints 
regarding access to 
markets for farm 
produce

“price information is useless if there are no 
alternatives to the trader the farmer is bargaining 
with” Campenhout, B. V. (2013). Is There an App 
for That? The Impact of Community Knowledge 
Workers in Uganda. SSRN Electronic Journal. 
doi:10.2139/ssrn.2405695

Fa
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g 
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ns

Facilitating 
conditions (236)

Aware_of_service User aware of 
service's existence

Device_access
User can access 
device at required 
time to use service

Device_quality
User can access 
device of required 
quality to use 
service

Service_sustained Service supply is 
sustained over time

Electricity_access
User can access 
electricity required 
to use service

“Pastoralists there must travel more than forty 
kilometres to Dillo town to recharge their phones 
at one of the few phone recharging businesses” 
Debsu, N. D., Little, P. D., Waktole Tiki, Guagliardo, 
S. A. J., & Kitron, U. (2016). Mobile phones for 
mobile people: The role of Information and 
Communication Technology (ICT) among livestock 
traders and Borana pastoralists of southern 
Ethiopia. Nomadic Peoples, 20(1), 35–61. CABDirect. 
https://doi.org/10.3197/np.2016.200105
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Relevant to user 
constraints (145)

Capital_access_sensitive
Aligned with 
user’s constraints 
regarding access to 
capital

Constraint_sensitive_
general

Aligned with 
user’s constraints 
(unspecified how)

“Blended fertilizer and improved seeds are 
relatively unambigu-ous practices, since the 
benefits of mineral fertilizer and quality seeds 
are rather common knowledge among farmers. 
For these two technologies, supply and liquidity 
shortages appear to be much more decisive than 
information constraints” Hörner, D., Bouguen, 
A., Frölich, M,. Wollni, M.(2019). The Effects of 
Decentralized and Video-Based Extension on the 
Adoption of Integrated Soil Fertility Management 
– Experimental Evidence from Ethiopia . NBER 
Working Paper No. w26052.

Input_access_sensitive
Aligned with 
user's constraints 
regarding access to 
agricultural inputs

Labour_access_sensitive
Aligned with 
user's constraints 
regarding access to 
labour

Localized_or_site-specific
Service and/or its 
content adapted to 
user's geography

Market_access_sensitive

Aligned with 
user's constraints 
regarding access to 
markets for farm 
produce

“price information is useless if there are no 
alternatives to the trader the farmer is bargaining 
with” Campenhout, B. V. (2013). Is There an App 
for That? The Impact of Community Knowledge 
Workers in Uganda. SSRN Electronic Journal. 
doi:10.2139/ssrn.2405695
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Facilitating 
conditions (236)

Aware_of_service User aware of 
service's existence

Device_access
User can access 
device at required 
time to use service

Device_quality
User can access 
device of required 
quality to use 
service

Service_sustained Service supply is 
sustained over time

Electricity_access
User can access 
electricity required 
to use service

“Pastoralists there must travel more than forty 
kilometres to Dillo town to recharge their phones 
at one of the few phone recharging businesses” 
Debsu, N. D., Little, P. D., Waktole Tiki, Guagliardo, 
S. A. J., & Kitron, U. (2016). Mobile phones for 
mobile people: The role of Information and 
Communication Technology (ICT) among livestock 
traders and Borana pastoralists of southern 
Ethiopia. Nomadic Peoples, 20(1), 35–61. CABDirect. 
https://doi.org/10.3197/np.2016.200105

UTAUT 
dimension Sub-category Use facilitator Definition Examples

Facilitating 
conditions

Facilitating 
conditions 
(236)

Mobile_network_availability
User is located where there is 
an available mobile network 
with speed and reliability 
required to use service

“actions include (1) hanging their mobile 
phones on high objects inside the house to 
pick up better reception and/or (2) calling 
from elevated areas outside the home where 
connectivity may be better”

Mobile_network_
affordability

User can afford to mobile 
network costs required to use 
service

Organizational_support Use supported by organization 
that user is part of

Mobile_network_
affordability

User can afford to mobile 
network costs required to use 
service

Organizational_support Use supported by organization 
that user is part of

Effort 
expectancy

Accessibility 
(319)

Affordable_service_cost User perceives service fee to 
be affordable

Digital_illiteracy_sensitive Aligned with user's skill-level 
operating digital devices

Eyesight_sensitive Aligned with user's eyesight 
constraints

Familiar_language
User understands the 
language(s) used by the 
service

Familiar_terminology
User understands the 
terminology (including metrics 
and technical terms) used by 
the service

Illiteracy_sensitive Aligned with user's (in)ability 
to read and write

No_technical_bugs Service free of technical bugs

Social_network_access
Extent to which user is socially 
connected to other people 
that can facilitate use of the 
service
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Effort 
expectancy

Facilitating 
conditions 
(236)

Aesthetic_interface
User perceives service's digital 
interface(s) to be aesthetically 
pleasing

Entertaining User perceives service 
experience to be entertaining

“I liked the audio a lot because of the family 
discussion” Awaaz De. (2018). Mobile-Based Digital 
Agricultural Advisory Service Boosts Adoption of 
Sustainable Practices for Smallholder Farmers in 
Andhra Pradesh, India. Awaaz De.

Spam_avoided User is not disrupted by 
service at undesired times

Effort 
expectancy Ease (278)

Mathematical_
calculations_
facilitated

User avoids performing 
mathematical calculations by 
and/or when using the service

Ease_of_first_use User perceives their first use 
of the service to be easy

Ease_of_
interpretation

User perceives service and 
its content to be easy to 
understand

“Having received information on Amaranths, I did not 
know what the plant was nor could I explain about 
it to someone else” Palmer, T. (2015). Airtel Kilimo 
project update: Insights from the midline. GSMA.

Ease_of_payment User perceives service to be 
easy to (re)subscribe to

Ease_of_reference
User perceives service 
content to be easy to refer to 
on-demand

“illiterate users find the voice-based explanations on 
agronomy practices especially valuable, but prefer 
to have a back-up text message with the same 
information they can refer to and share with others.” 
Palmer, T. (2014) . mKisan Midline Evaluation. 
February – April 2014. GSMA.

Ease_of_use_general User perceives service to be 
easy to use (unspecified how)

How_to_use_
explained

User perceives adequate 
explanation supplied 
regarding how-to-use the 
service

Human_support
Service's digital interface is 
complemented with support 
for users from a real person 
(remotely and/or in-person)

Familiar_interface_or_
service

User perceives service and/
or it’s digital interface to be 
familiar

“Participants consistently compared the interactions 
with SmartChama to other mobile-based systems 
they had used. For example, they said that the 
system was similar to SportsPesa—Kenya’s popular 
mobile-based sports betting system. Similar to 
SportsPesa, SmartChama is integrated with M-Pesa, 
and both systems require a phone number and a 
password to login. Participants said these similarities 
made it easy for them to use SmartChama.” 
Chidziwisano, G. H., Wyche, S., & Kisyula, R. (2020). 
SmartChama: Designing Collaborative Digital 
Financial Systems for Chama Groups in Kenya. 
Proceedings of the 2020 International Conference on 
Information and Communication Technologies and 
Development. doi:10.1145/3392561.3394641
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Effort 
expectancy

Ease 
(278)

Multiple_digital_
interfaces

User perceives they can 
access the service via 
more than one digital 
interface

"The different channels through which we receive information 
are also very useful. We usually prefer radio broadcasts, but 
we cannot save the information from radio for future use. The 
information we receive through our phones can be saved and 
we can use it at later time as a reference. The communication 
channels are very balanced" Gebru, B., Mworozi, E., Kibaya, P., & 
Kaddu, J. (2018). Enhancing Resilience to Water-related Impacts 
of Climate Change in Uganda's Cattle Corridor (CHAI ll). IDRC 
Uganda.

Password_not_
required

User does not need to 
remember a password to 
use service

Reminders
Service reminds users 
of information they are 
already familiar with and 
at relevant times

Speed_of_use
User perceives use of 
service to be not overly 
time-consuming

"People like us are in kitchen—all the time, and the goats, the 
children, the shamba, we don’t have time [to use this service]" 
Wyche, S., & Olson, J. (2018). Gender, Mobile, and Mobile 
Internet| Kenyan Women’s Rural Realities, Mobile Internet 
Access, and “Africa Rising”. Information Technologies and 
International Development, 14, 15.

Timeliness
User perceives service to 
be supplied at relevant 
times of day and/or 
season

Visual_interface Service's digital interface 
is visual  
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Social 
influence

Social 
influence 
(52)

Social influence 
(52)

User received 
assistance to use 
service from members 
of their community

“Within two months after the training, the videos that were 
copied on 75 trainee farmers’ mobile phones, were shown by 
farmers to 566 other farmers, and transferred on 239 other 
mobile phones. About 17% of farmers who shared the videos 
reported sharing it with farmers from other villages” Maredia, 
M. K., Reyes, B., Ba, M. N., Dabire, C. L., Pittendrigh, B., & Bello-
Bravo, J. (2017). Can mobile phone-based animated videos 
induce learning and technology adoption among low-literate 
farmers? A field experiment in Burkina Faso. Information 
Technology for Development, 24(3), 429-460. doi:10.1080/02681
102.2017.1312245

Culturally_
sensitive

Aligned with user's 
culture

“cultural norms may prevent [women] from using mobile 
phones and the internet and, in some cases, farming in the 
fields.” (7047)

Ease_of_sharing
User perceives service 
to be easy to share with 
people in user's social 
network

“Apart from messages creation, mobile phones now allow me 
to create and share content through Facebook and WhatsApp. 
Within a short time I can see feedback in form of comments 
and arguments raised by other users.” Mwantimwa, K. (2017). 
Use of mobile phones among agro-pastoralist communities 
in Tanzania. Information Development, 35(2), 230-244. 
doi:10.1177/0266666917739952

Embarrassment_
avoided

User perceives service 
to not create a risk of 
embarrassment

Improve_status
User perceives use of 
service could increase 
user's social status

“I’m always the first one [in the village] to implement new 
methods and technology in agriculture. I have everything in 
terms of technology here. Everybody comes to see things at 
my place. Even Avaaj Otalo — I am the first one to get it in 
this place. So many experts and scientists are friends with 
me and I tell them about AO. When they are here they ask to 
see it and I show them how AO works. They are impressed by 
how much modern technology and knowledge I have. It is a 
matter of pride for [my family].” Patel, N., Chittamuru, D., Jain, 
A., Dave, P., & Parikh, T. S. (2010). Avaaj Otalo: A field study 
of an interactive voice forum for small farmers in rural India. 
Proceedings of the 28th International Conference on Human 
Factors in Computing Systems - CHI ’10, 733. https://doi.
org/10.1145/1753326.1753434

Involuntary_
adoption

User perceives use of 
service is compulsory

Maintain_
relationships

User perceives use of 
service could improve 
user's personal 
relationships
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