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Abstract

In developing countries, incomplete and/or asymmetric informa-
tion contributes to ine�ciencies in food supply chains. Various prod-
ucts and services have emerged that rely on Information and Commu-
nication Technologies (ICTs) to facilitate information �ows between
agro-input providers, farmers, traders and consumers. Examples in-
clude crowd-sourced price information and market intelligence ser-
vices, ICT mediated agricultural advisory services, and user-experience
rating-based quality assurance. However, not all initiatives are equally
e�ective and many struggle to reach scale. We zoom in on some of the
design features that characterize successful ICT enabled agricultural
information initiatives, such as the technology used or the content dis-
seminated. We further explore why ICT applications that address in-
formation ine�ciencies seem to have less impact than innovations that
address other barriers to e�cient and inclusive food supply chains such
as risk or credit constraints. We point out the dangers of bypassing
vulnerable groups and shown how inclusiveness can be increased. We
also discuss how social networks can be leveraged to accelerate infor-
mation dissemination.

*Development Strategy and Governance Division, International Food Policy Research
Institute and LICOS Center for Institutions and Economic Performance, KULeuven, Bel-
gium - b.vancampenhout@cgiar.org. This paper is prepared as a backgroup paper for a
plenary session on "The Transformative Potential of Digital Technologies for Agriculture"
at the 31st International Conference of Agricultural Economists, Aug 17-13, 2021
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Introduction

Economic agents acting independently on the basis of full and relevant in-
formation is one of the cornerstones of neoclassical economic theory. How-
ever, reality is characterized by information ine�ciencies. Fake news is often
harder to debunk than to spread. Information asymmetries are cultivated
and protected to create an advantage for one party. Information gaps are
complemented with heuristics prone to sterotyping and su�er from cogni-
tive biases. Consequently, as is the case with other incomplete or missing
markets, information ine�ciencies often lead to sub-optimal outcomes.

In food supply chains, information �ows related to quantities and the
quality of commodities is central to its e�ciency. Farmers need to know
what standards they should meet and what they can expect in return for
delivering. Processors need to know how much of the raw inputs they can
source to deliver a quality end product consistently to consumers. Traders
need information to predict storage capacity and conditions. Input providers
need to know what inputs and services they should provide to best support
farmers, traders and processors.

In many poor countries, agricultural value chains remain important for
food security. Furthermore, a large share of the population is directly or
indirectly employed in food supply chains. Increasing information �ows to
increase e�ciency and inclusiveness of value chains can thus have a tremen-
dous impact. In this respect, a lot is expected from Information and Com-
munication Technologies (ICT). For instance, Je�rey Sachs, director of the
Earth Institute at Columbia University, has called the cell phone the single
most transformative technology for development (Voight, 2011). The last few
decade has seen the birth (and often failure) of a plethora of ICT mediated
projects that promise to solve information ine�ciencies. Today, some of the
world's leading economists are trying to �nd out just how e�ective all these
initiatives can be. For instance, Michael Kremer co-founded an NGO with
the primary aim of testing ICT application in the �eld (Precision Agriculture
for Development).

In this paper, I highlight some of the ICT applications that provided
insight, point to ongoing initiatives that look promising, and re�ect on future
projects that build on what we have learned. After a brief section that
highlights the primary aims of ICTs, I start by discussing the usefulness of
ICT to match demand and supply of commodities, thereby increasing market
e�ciency. Rooted in the theory of the role of price information in spatial
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arbitrage, this research naturally led to projects that aimed to empower
smallholder farmers with price information to strengthen their bargaining
power vis-a-vis middlemen. The potential of ICT to reach farmers in remote
area also led to a multitude of projects that focus on agricultural extension.
I then turn to more advanced applications to reduce asymmetric information
in input supply chains. After a brief interlude on the role of social networks, I
then review some of the dangers relying on ICTs for information transmission
in agricultural value chains. A last section concludes and contrasts ICTs to
reduce information ine�ciencies to ICT mediated interventions that focus on
other barriers in the sector.

Characteristics of ICTs

One of the primary aims of ICTs is facilitating the �ow of information. The
reduced cost of information transfer as a result of technology works in both
ways. One the one hand, it becomes cheaper to disseminate information. For
instance, using a commercial cloud communication platform, it is possible to
send Short Message Services (SMS) messages with customized information to
1000 farmers in Uganda for about 60 dollar1. But it also becomes cheaper to
obtain information a�ecting search cost in the context of agricultural trans-
actions: A farmer can now simply call a trader in the market to check on the
price instead of having to go there in person (Aker, 2010).

ICTs are also often able to aggregate and process large amounts of data.
This makes it possible to generate customized information and provide tailor
made advise. Such decision support systems have been shown to be more
e�ective than one-size-�ts-all advice that is typically provided by agricultural
extension agents (Arouna et al., 2021).

However, applications that combine increased e�ciency in collection and
dissemination of large amounts of data with processing power are likely to
generate most impact. Such applications look promising in their potential to
reduce asymmetric information and increase coordination between actors in
the value chain.

ICTs are also networked technologies. They become more useful the more
people are using it. These virtual networks partly overlap with the social
networks of the users. As social networks have been found important in
agriculture, the networked nature of ICTs also becomes relevant.

1https://telnyx.com/pricing/messaging/ug
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ICTs to increase market e�ciency

Probably the earliest research on the impact of ICTs on commodity supply
chains focused on how ICTs a�ect search costs when producers decide where
to sell or traders and processors decide where to buy. In the theory of spa-
tial arbitrage, the law of one price states that the di�erence in price of an
identical commodity in two locations can not exceed the transaction cost2.
In rural settings with poor infrastructure, search costs related to �nding out
where commodities are supplied cheapest or where demand is highest can
be substantial. This could leading to fragmented markets with excessively
high prices in one location and extremely low prices in other areas (Van
Campenhout, 2007).

In a seminal paper, Jensen (2007) found that �shermen use mobile phones
to engage in spatial arbitrage. In Kerala, India, while still at sea, �shermen
use mobile phones to inquire about the market conditions in various markets
within reach and set sail to the most promising market. Jensen shows that
this process greatly reduces price variability and e�ectively eliminates situ-
ations where �sh has to be thrown back into the see because no buyers can
be found. The e�ect of ICT on market performance has also been found in
other contexts. For instance, Aker (2010) �nds that in Niger, mobile phones
signi�cantly reduces the price margin between markets, particularly between
markets with high transaction costs.

The power of ICT to increase outcomes for producers illustrated in the
above landmark studies resulted in a large number of initiatives. Many of
these initiatives aimed to empower farmers with market price information.
In areas characterized by semi-subsistence farming, farmers often sell at the
farm gate to small itinerant traders who then aggregate agricultural com-
modities and sell further downstream to larger traders or processors. The
assumption underlying these initiatives is that traders exploit an informa-
tional advantage as they have a much better idea of the prevailing prices in
di�erent markets. Providing farmers with timely price information in nearby
markets should enable farmers to better evaluate the o�er price of the trader,
and the farmer can exploit this information in the form of a credible treat
to take his produce to the market himself. However, the evidence that these
initiatives can actually increase farmer bargaining power vis-a-vis middlemen

2The transaction cost is the total cost of moving the product from the low price area
to the high price area. Transport cost is only a part of this cost. Transaction cost will
also include search cost, a risk premium, etc.
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seems mixed (Fafchamps and Minten, 2012).
One reason why pushing prices to farmers may have less impact than ex-

pected is related to the fact that complementary information may be neces-
sary to make the price information useful. Knowing the price in some remote
market may, in itself, not a�ect the bargaining power of a farmer vis-a-vis a
single trader, especially in remote areas where there is little competition be-
tween traders and the farmer has no means to transport the commodity him
or herself. Aker, Blumenstock, and Dillon (2020) note that the expansion of
landlines came with additional information in terms of telephone directories.
While mobile phone users in developed countries use internet to look up new
contacts, this may be less straightforward in a developing country context,
as small scale traders and processors may not have a presence on the web.
Aker, Blumenstock, and Dillon (2020) thus test an intervention on the pro-
duction and distribution of a �Yellow Pages� phone directory with contact
information for local enterprises. They �nd a range of e�ects, and also in-
dications that farmers sell crops for weakly higher prices. This suggest that
a complementary intervention where farmers are also provided with contact
details of traders may make price information more actionable. This result
is in line with Goyal (2010) who found that dissemination of wholesale price
information through internet kiosks combined with providing access to an
alternative marketing channel led to a signi�cant increase in the price of soy
bean in the central Indian state of Madhya Pradesh.

Most projects that aim to improve welfare by increasing market e�ciency
target smallholder farmers as the main project bene�ciaries. However, to
increase prices that farmers receive for the commodities they sell at the
farm-gate, it may be more e�ective to increase competition between itin-
erant traders. Unfortunately, in most interventions, these �middlemen� are
often overlooked, vili�ed as exploitative and branded as parasites by farmers
and policymakers alike (Sitko and Jayne, 2014). Worse, many development
interventions explicitly aim to cut out the middleman. An alternative view
would be one where middlemen are considered the grease that keeps the value
chain running. In this view, the problems are created by too few middlemen,
rather than too many. In such a case, more impact may be possible if the
direction of the price information �ow is reversed: Instead of collecting data
at markets and pushing this to individual farmers, it may make more sense
to collect data from farmers at the farm-gate and signal areas of potential
excess supply to traders.

Ochieng and Baulch (2020) report on a proof of concept to use crowd-
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sourcing to obtain maize and soybean farm-gate prices in Malawi. In collabo-
ration with Farm Radio Trust (FRT), farmers were encouraged to report the
prices they received via SMS or by calling a toll-free number whenever they
made a sale during the marketing season. To get su�cient farmers to call in,
targeted SMS messages were sent by FRT to their customers and local radio
stations (Mzati FM, Gaka FM, and Angaliba TV and FM) aired radio jingles
in local dialects throughout the study period. To further encourage farmer
participation, calls and text messages were entered into a weekly ra�e, in
which the winners received a coupon worth MWK25,000, which could be re-
deemed for farm inputs at any Agora farm input outlet. The data obtained
though this crowd-sourcing exercise can be used to investigate price varia-
tion (and underlying di�erences in demand and supply) over time and space.
This is visualized in dynamic maps that are accessible through a portal by
traders and policy makers to identify excess supply and excess demand areas
and start moving product from low price areas to high demand locations (see
snapshots in Figure ).

However, a more pro-active approach would target farmers with detailed
information on time and location sensitive arbitrage opportunities. More in
particular, crow-sourced price data could be combined with data obtained
from satellites, hyper-local weather stations and market intelligence into a
real-time decision support system designed to forecast arbitrage opportuni-
ties. Information about these opportunities can then be sent to registered
traders depending on their location with respect to where the opportunity
occurs. Nudging traders to exploit arbitrage opportunities at such local lev-
els would increase competition at the farm gate, leading to higher farm-gate
prices.

ICTs and Agricultural advisory

A second area where we see a lot of excitement on the usefulness of ICT is
in agricultural extension. Agricultural advisory services provide information
about the availability and use of quality inputs such as improved seed vari-
eties or inorganic fertilizer. They are also used to promote good agronomic
practices such as row planting and irrigation. As agricultural extension in-
formation is assumed to be a public non-rival good, extension services are
generally organized by the government. However, there are many challenges,
including failure to reach farmers in remote places, motivation of extension

6



Figure 1: Farm-gate prices in May, June and July
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agents and monitoring more generally. ICTs have been hailed as a technology
that can solve most if not all of these problems (Spielman et al., 2021).

A range of applications and technologies are used to facilitate agricultural
extension provision. We will discuss approaches that have been studied most,
which include SMS messaging, Iterative Voice Response systems and related
call-centers, and video based interventions. We then look at some more
holistic interventions that bundle a range of services and/or rely on various
technologies.

SMS is probably one of the cheapest ways to deliver personalized informa-
tion3. While SMS is rather top-down and probably too short to provide new
information, research in various areas found it may be useful as reminders or
to make particular information more salient (eg. Lester et al., 2010; Kar-
lan et al., 2016). As a result, various projects and initiatives use SMS to
encourage farmer to adopt a particular technology or practice, or to remind
farmer about important practices at particular points in time. Fabregas et al.
(2019) report on six �eld experiments in Kenya and Rwanda, where farmers
were targeted with SMS messages to encourage them to use agricultural lime
against acidic soil conditions. The �nd a 20 percent increase in the adoption
of the recommendation, but the messages needed to be resent every season.
Van Campenhout, Spielman, and Lecoutere (2021) �nd no additional e�ect
of sending SMS messages to maize farmers in Uganda at targeted points in
time to remind them about important agronomic practices such as fertilizer
application and weeding, over and above the e�ect found of showing a short
video demonstrating a range of important practices.

One step up from SMS messages are more demand driven interactive
setups where farmers can indicates what information they require. This
could be text based, for instance through Unstructured Supplementary Ser-
vice Data (USSD) code-based menus. However, as farmer may be illiterate,
Interactive Voice Response (IVR) systems or hotlines have been used as al-
ternatives. For example, Cole and Fernando (2020) evaluate Avaaj Otalo, a
mobile phone-based technology service geared towards cotton farmers that
allows users to call a hotline, ask questions and receive a pre-recorded re-

3It is fairly straightforward to send customized messages to individuals subscribers
through a commercial SMS Application Programming Interface (API) platform. For ex-
ample, as part of an information clearing house set up to test asymmetric information
about seed quality between small agro-input dealers and farmers, we sent out almost
30,000 messages to farmers informing them about how customers rate seed dealers in their
vicinity (Sparrow et al., 2021).
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sponse from agricultural scientists and local extension workers. The inter-
vention signi�cantly increased the adoption of recommended agricultural in-
puts for cotton cultivation. E�ects on yield and pro�ts are positive, but the
data seemed too noisy to draw conclusions. Van Campenhout, Spielman,
and Lecoutere (2021) also add an IVR treatment to their short video that
provides information on a range of important agronomic practices to maize
farmers in Uganda, but �nd no incremental e�ect, perhaps because uptake
is extremely low.

A further step up are video based extension approaches. Video is used
in many formats and settings. They can be shown privately to individuals,
much like youtube videos are consumed (Vandevelde, Van Campenhout, and
Walukano, 2021) or they can be used in Farmer Field School-type mediated
video-based trainings, projected using battery powered pico projectors (Vasi-
laky et al., 2015). They can be a formal recording of an authoritative �gure
(an extension o�cer) giving technical information, or a model farmer that
recounts a success story where farmers can connect to, as farmers appear to
learn more from farmers they can identify with (BenYishay and Mobarak,
2018).

The main intervention in Van Campenhout, Spielman, and Lecoutere
(2021) referred to above consisted of a short and engaging video in which
farmers explain what they did to become successful farmers. The video com-
bines technical information such as optimal timing for planting, instructions
for row planting and optimal seed rate, frequency of weeding, etc. It also
recommends the use of improved seed varieties and inorganic fertilizers. The
video also takes the farmer through some simple inter-temporal cost-bene�t
calculations driving home the point that one has to invest now to get more
in the future. They �nd a range of positive e�ects along the causal impact
chain, including a signi�cant increase in maize yields.

A particularly powerful feature of content that is delivered in audio visual
format is the potential to challenge norms and increase aspirations through
role models (Bernard et al., 2015). This could be particularly useful for mak-
ing agricultural extension systems more gender inclusive. Female role models
have been shown to increase aspirations for women to entry male dominated
sectors (Porter and Serra, 2020). Role models featured in movies, television
series and videos seem to a�ect aspirations and subsequent behviour (Riley
et al., 2017; La Ferrara, Chong, and Duryea, 2012). In Lecoutere, Spielman,
and Van Campenhout (2020), we assess the impact of agricultural extension
videos featuring a female role model. We �nd some support that female role
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models in the extension videos challenge men's beliefs and stereotypes about
women's roles in agriculture, and encourage the adoption of recommended
practices by women.

SMS, IVR and video are probably the most common simple technolo-
gies used for agricultural extension. But over time, developers have started
combining approaches to develop complete decision support systems that
integrate and process data from various sources. An early example comes
from Uganda, where the Grameen Foundation experimented with Commu-
nity Knowledge Workers (CKW). Modeled after the success of equipping
community health workers with mobile phone�based tools in India (Flam-
ing et al., 2015), the project equipped resident community members with an
Android smartphone, pre-loaded with an in-house developed mobile applica-
tion. CKWs can then use this application to look up information requested
by farmers about farming and crop marketing, including location speci�c
weather forecasts or price information in nearby markets. Despite initial ex-
citement and evidence that the intervention increased market orientation of
farmers, the project was discontinued (Van Campenhout, 2017).

These days, various startups o�er cloud-based platforms that involve com-
plete digitization of farms and data-driven decision-making supported by ar-
ti�cial intelligence and machine learning. Examples include CropIn's Smart-
Farm platform that promises complete farm management solutions including
satellite and weather input based advisory. As these platforms combine vari-
ous components, it is hard to learn from impact evaluations. Furthermore, as
these are often private for-pro�t initiatives, independent and credible impact
evaluations are often not available.

ICTs have not only been used to get information to farmers more ef-
�ciently. An important problem with agricultural advisory services is re-
lated to extension agent motivation and performance monitoring. Also here,
ICT provides some opportunities. Equipping extension agents with fancy
smart-phones or tablet computes may already increase motivation in itself.
Namyenya et al. (2021) report on the development of electronic diaries with
the primary aim of increasing monitoring. Other ICT mediated applications
to increase extension agent monitoring include: The use of geolocation to
determine whether extension workers visited certain locations (Dal Bó et al.,
2021) and the use of video to allow extension workers to document their e�ort
(Du�o, Hanna, and Ryan, 2012).
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ICTs to reduce asymmetric information

ICTs are also powerful means to address the type of asymmetric informa-
tion with respect to quality prevalent in agricultural service delivery and
agro-input provision. Agricultural inputs are often experience goods as it is
di�cult to assess quality by simply examining it at the time of the trans-
action in the agro-input shop. In Uganda, Bold et al. (2017) argue that
agricultural yields are noisy and farmers' ability to learn about quality of in-
puts is limited, leading to an equilibrium characterized by low quality inputs
being marketed. ICTs can be used to assist farmers in learning about inputs
and technologies, in turn driving out poor quality inputs.

One hypothesis is that agro-input dealers engage in widespread coun-
terfeiting. In Uganda, Gilligan, Karachiwalla, and Thai (2019) evaluate an
e-veri�cation intervention, which involves labeling agricultural inputs with
a scratch-o� label that provides an authentication code that can be used
to con�rm that the labeled product is genuine though a simple message of
phone call. They �nd that the veri�cation program caused a broad increase
in the adoption of high-quality agricultural inputs, thereby showing that such
a veri�cation scheme has potential to foster technology adoption. No e�ects
were found on yield or net income, but the data is noisy.

We have seen above that the ability of ICTs to obtain large quantities
of data through crowd-sourcing, aggregate this data and then feed it back
to users can potentially solve coordination problems between farmers and
traders. Also at the input- or service provider farmer link in the value chain,
the ability of ICTs to collect, process and disseminate information in near
real-time provides a powerful way to reduce information asymmetry.

In Pakistan, Hasanain, Khan, and Rezaee (2017) implement an infor-
mation clearing house to reduce asymmetric information in the market for
veterinary services. To do so, they crowd-source success rates for arti�cial
insemination of livestock, as well as prices charged by vets, and this informa-
tion is aggregated and fed back to farmers. They �nd that the intervention
leads to 37 percent higher arti�cial insemination success rate. Interestingly,
they �nd that this e�ect should be attributed to increased e�ort by the
vets, as few farmers seem to switch to other vets. The study illustrates how
clearing house mechanisms can be used to address problems of motivation of
extension services and increase accountability also mentioned in the previous
section.

In Van Campenhout et al. (2021), a sample of farmers are asked to rate
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Figure 2: Agro-input Advisor

the quality of maize seed that agro-input shops in their vicinity sell. This
information is then used to assign scores to agro-input dealers and this in-
formation is then fed back to both the farmers and the agro-input dealers
(Figure 2). In particular, farmers receive scores for each input dealers in
their neighborhood. Input dealers receive a slightly more elaborate report
with their own score, and compares this to average scores of all agro-input
dealers in their immediate neighborhood. The report that input-dealers re-
ceive also doubles as a certi�cate that agro-input dealers can advertise in
their shops if they choose to do so. Midline data collection is scheduled
for the beginning of 2022 and endline data will be collected after two full
agricultural seasons in the second half of that year.
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Networks and ICT

By now, there is ample evidence about the importance of learning through
social networks for agricultural technology adoption (Bandiera and Rasul,
2006; Conley and Udry, 2010). As a result, researchers have started to ex-
plore ways to leverage existing social networks to make agricultural advisory
systems more e�ective and inclusive. The networked nature of ICTs provide
a natural way to further cash in on these network e�ects.

In developed countries, dissemination of information through virtual so-
cial networks such as Facebook or Instagram, where people can follow, like
and share, has become very important. Drawing on such a model, Digital
Green encourages farmers to showcase farming techniques in short youtube-
like videos, in the hope that the most promising farmers develop into in�u-
encers (Gandhi et al., 2007). While initiatives at this scale are rare, farmers
do often use virtual networks, albeit at a modest scale, such as WhatsApp
groups for farmer cooperative members. In this way, content can be dis-
cussed among peers to make it more salient. This is particularly the case
for uncovering potential returns to investment in the new technology (Van
Campenhout, 2021).

The e�ectiveness of using social networks to increase agricultural tech-
nology adoption also depends on that structure of the network. Targeting
central nodes in the network has been found to lead to better results than
just randomly disseminating information (Beaman et al., 2021). User data
obtained from virtual social networks may be useful to learn about network
structure and identify optimal nodes to insert information into the network.

Social networks are also important for commodity movement within the
value chain. We already referred to the study by Aker, Blumenstock, and
Dillon (2020) on how farmers can increase their network of potential buyers.
However, in areas with weak institutions to enforce contracts, social networks
are also important to facilitate trade relationships (Fafchamps and Minten,
2001). Networked technologies that allow for frequent contact and easy shar-
ing of experiences with particular traders (eg through facebook groups) is
likely to strengthen social ties and increase networks.
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Pitfalls and dangers

Even though ICTs�and mobile phones in particular�have been hailed as the
solution to reach the last mile in for example agricultural extension, there is
often inherent selection bias as a result of access to the technology. Indeed,
the poorest in society who are likely to bene�t most from a particular ICT
mediated intervention, may not have access to mobile phones. And even if
they have a phone, it is likely to be a very simple phone which is only used
for receiveing phone calls. It is thus important to develop ICT tools that
can be used with the technologies accessible to the target group. Examples
include IVR or interventions that just send SMS or use USSD codes for
basic user input, hybrid extension models where there are still visits from
extension workers who have devices to show videos etc. Access to mobile
phones and technology more in general may be unequally distributed among
particular groups. For instance, Aker, Ghosh, and Burrell (2016) note that
ICT mediated information exchange platforms should be designed with the
gender digital divide in mind.

In addition to the selection bias, the fact that there are still vast areas
that lack cellular coverage, and even if they do, connectivity is spotty and
data transfer is slow, has implications for the e�ectiveness of ICTs. The
ability to customize advice with, for instance, time sensitive feedback and
hyper local information, one of the key comparative advantages of ICTs, is
likely to su�er. Second best solutions include o�ine applications that are able
to perform basic analysis on devices locally instead of through an API and
distributed solutions where data stored locally automatically synchronized
once connectivity is established.

In addition to low excludability and non-rivalry, information as a com-
modity is also di�cult to evaluate. Indeed, one generally acquires information
because of a lack of knowledge. As a result, it is often di�cult to assess the
quality of the information itself. Interestingly, it seems that the more in-
formation that becomes available, the more di�cult it becomes to �lter out
good information from �fake news�.

There are also many reasons to be wary about information clearing mech-
anism based on crowd-sourced data. If crowd sourced data is thin, outliers
may drive drive the information that is fed back into the system. Public
review platforms are prone to manipulation (Mayzlin, Dover, and Chevalier,
2014). But even if su�cient data is available from crowd-sourcing, implicit
bias may lead to unfair competition. Research in other areas has shown, for
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example, that female academics are evaluated less favorably than their male
counterparts. If these evaluations are then used to inform decisions on promo-
tion or hiring, this could lead to discrimination (Mitchell and Martin, 2018).
In De, Miehe, and Campenhout (2021), we test for systematic di�erence in
the crowd sourced rating of agro-input dealers and �nd that female agro-
input dealers receive signi�cantly lower scores than male agro-input dealers.
To avoid creating unfair competition, this bias should be corrected when
scores are fed back.

Walter et al. (2020) point out problems with IVR through a thorough
analysis of the call logs. One of the main problems that IVR systems need
to overcome is user impatience. IVR systems rely typically on two-way in-
formation exchange and the IVR system needs to collect a minimum level of
information about farmers. This often means lengthy registration processes
users have to go through on their �rst call, leading many farmers to drop the
call. Therefore, it is better to ask only the most important data upfront and
ask for additional input as users navigate further through the menu. The
low cost of dissemination means that there may also be a lot of unsolicited
content and robotcalls, up to a point where it renders the ICT unusable.

Unfortunately, relying in social networks to disseminate information can
also lead to the exclusion of certain groups of people. When these net-
works are gender-speci�c and gender-segregated, problems associated with
asymmetric information persist (Beaman and Dillon, 2018). Social networks
between traders along ethnic lines may lead to barrriers to entry for other
traders (Fafchamps, 2003). Furthermore, leveraging virtual social networks
may also result in ine�ective or even harmful information about agricultural
inputs or technologies being ampli�ed, and it is well known that social media
are a particularly fertile breeding ground for fake news.

Conclusion

This paper provided an overview of a selection of what I consider the most
informative studies on the e�ectiveness of ICTs to tackle information ine�-
ciencies in agricultural value chains to date. It also highlighted some ongoing
studies that explore new directions in this area. From what we have learned
so far, I pointed out some of the typical pitfalls that need to be consid-
ered when developing ICT mediated solutions to information ine�ciencies in
agricultural value chains. I conclude that the initial excitement was perhaps
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somewhat overblown: While we have witnessed many mobile phone-based
interventions in the agricultural sector over the past two decades, there is
mixed evidence on the impact (Aker and Ksoll, 2016). Many of the apps
developed by startups to empower farmers with information seem to struggle
to reach scale.

However, despite the mixed evidence, I would still argue that ICTs are
powerful means to increase information transmission and to reduce asymme-
tries in information between actors in the agricultural value chain. But the
way in which farmers, traders, processors and input providers bene�t seems
much more informal and bottom-up. For example, instead of subscribing to
daily price updates delivered through a fancy price dissemination app on a
smartphone, farmers do seem to use their mobile phone to call relatives in
urban areas to get an idea of the going price. Or, instead of using arti�cial in-
telligence powered decision support systems to give customized advice, co�ee
farmers may form a WhatsApp group of cooperative members to share ex-
perience and best practice on co�ee farming. The informal use of ICTs may
also explain why studies that rely on quasi-experimental methods such as
di�erence-in-di�erence (Svensson and Yanagizawa, 2009; Jensen, 2007; Aker,
2010) or �xed e�ects (Muto and Yamano, 2009; Sekabira and Qaim, 2017)
generally seem to �nd signi�cant impact, while case studies and experimen-
tal studies that focus on a particular application seem to less successful in
detecting e�ects.

The reason why many of the ICT mediated projects and initiatives fail
is, in my view, also partly related to the mindset of people and organizations
involved in ICT for development. I get the impression that many organiza-
tions often think too much like startups from California and develop complex
apps that require a constant broadband internet connection and fast smart-
phones with geo-location capabilities. In light of this, it may be instructive
to compare ICTs in agriculture to innovations in mobile phone-based money
transfer, payments and micro-�nancing services. Here, initiatives such as M-
pesa seem to be much more successful in generating broad impact (Suri and
Jack, 2016).

I see two key di�erences here. First, mobile money evolved in a very
bottom-up way, where network operators attempted to formalize and expand
how pre-paid customers used the scratch card system to transfer money in
the form of phone credit (eg. I can buy a scratch card in one place and
put mobile phone credit on the phone of someone in a di�erent location.
The latter would then often convert the phone credit back to money by
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charging relative or neighbours for phone use). The bottom-up nature means
that a product was created for which there was a real demand4. It also
resulted in a solution that acknowledged the limits of technology, preferring
USSD and SMS based technologies that are also accessible with cheap cell
phones to applications that require smartphones. A second key di�erence
is related to the fact that �nancial mediation can be priced much easier
than information provision. ICT applications that provide information often
cling to subscription based business models. However, the ability and/or
willingness to pay for a non-rival good such as information at farm level
may be low. For ICT applications to become more successful in agriculture,
particularly in the area of agricultural advisory services, a di�erent business
model may be needed.

The most promising applications of ICT for development are those that
solve complex coordination problems and reduce asymmetric information. In
rich countries, the use of such applications requires access to a smartphone
or a computer. The challenge will be to develop applications that are able to
solve these complex information problems using technology available to and
accessible by the poor. This will likely involve some combination of simple
technologies (SMS, IVR, USSD) and human mediation where community
members or government agents facilitate the interface between technologies
and users.

Acknowledgments

This research was funded by the CGIAR Research Program on Policies, Insti-
tutions, and Markets (PIM), led by the International Food Policy Research
Institute (IFPRI) and carried out with support from the CGIAR Fund con-
tributors (https://www.cgiar.org/funders/), under the project on �Innovat-
ing for E�cient and Inclusive Value Chains in Africa (302015.002.001).

References

Aker, J. C. 2010. �Information from markets near and far: Mobile phones
and agricultural markets in Niger.� American Economic Journal: Applied

4Again, information as a commodity is special as people will generally not realize or
admit that they lack information.

17



Economics 2 (3): 46�59.

Aker, J. C. and C. Ksoll. 2016. �Can mobile phones improve agricultural
outcomes? Evidence from a randomized experiment in Niger.� Food Policy
60: 44�51.

Aker, J. C., I. Ghosh, and J. Burrell. 2016. �The promise (and pitfalls) of
ICT for agriculture initiatives.� Agricultural Economics 47 (S1): 35�48.

Aker, J. C., J. E. Blumenstock, and B. Dillon. 2020. �How Important is the
Yellow Pages? Experimental Evidence from Tanzania.� .

Arouna, A., J. D. Michler, W. G. Yergo, and K. Saito. 2021. �One size �ts
all? Experimental evidence on the digital delivery of personalized extension
advice in Nigeria.� American Journal of Agricultural Economics 103 (2):
596�619.

Bandiera, O. and I. Rasul. 2006. �Social Networks and Technology Adoption
in Northern Mozambique*.� The Economic Journal 116 (514): 869�902.

Beaman, L. and A. Dillon. 2018. �Di�usion of agricultural information within
social networks: Evidence on gender inequalities from Mali.� Journal of
Development Economics 133: 147�161.

Beaman, L., A. BenYishay, J. Magruder, and A. M. Mobarak. 2021. �Can
Network Theory-Based Targeting Increase Technology Adoption?� Amer-
ican Economic Review 111 (6): 1918�43.

BenYishay, A. and A. M. Mobarak. 2018. �Social Learning and Incentives for
Experimentation and Communication.� The Review of Economic Studies
86 (3): 976�1009.

Bernard, T., S. Dercon, K. Orkin, and A. Seyoum Ta�esse. 2015. �Will video
kill the radio star? Assessing the potential of targeted exposure to role
models through video.� The World Bank Economic Review 29 (suppl_1):
S226�S237.

Bold, T., K. C. Kaizzi, J. Svensson, and D. Yanagizawa-Drott. 2017. �Lemon
Technologies and Adoption: Measurement, Theory and Evidence from
Agricultural Markets in Uganda.� The Quarterly Journal of Economics
132 (3): 1055�1100.

18



Cole, S. A. and A. N. Fernando. 2020. �`Mobile'izing Agricultural Advice
Technology Adoption Di�usion and Sustainability.� The Economic Journal
131 (633): 192�219.

Conley, T. G. and C. R. Udry. 2010. �Learning about a New Technology:
Pineapple in Ghana.� American Economic Review 100 (1): 35�69.

Dal Bó, E., F. Finan, N. Y. Li, and L. Schechter. 2021. �Information Tech-
nology and Government Decentralization: Experimental Evidence From
Paraguay.� Econometrica 89 (2): 677�701.

De, A., C. Miehe, and B. V. Campenhout. 2021. �Gendered Perceptions in
Maize Supply Chains Evidence from Ugandan maize farmers, agro-input
dealers, assembly traders, and processors.�

Du�o, E., R. Hanna, and S. P. Ryan. 2012. �Incentives Work: Getting
Teachers to Come to School.� American Economic Review 102 (4): 1241�
78.

Fabregas, R., M. Kremer, M. Lowes, R. On, and G. Zane. 2019.
�SMS-extension and farmer behavior: lessons from six RCTs in
East Africa.� Online at: https://www. atai-research. org/wp-
content/uploads/2020/05/textfarmers1. pdf .

Fafchamps, M. 2003. �Ethnicity and networks in African trade.� Contribu-
tions in Economic Analysis & Policy 2 (1): 1�51.

Fafchamps, M. and B. Minten. 2001. �Social Capital and Agricultural Trade.�
American Journal of Agricultural Economics 83 (3): 680�685.

���. 2012. �Impact of SMS-based agricultural information on Indian farm-
ers.� The World Bank Economic Review 26 (3): 383�414.

Flaming, A., M. Canty, G. Javetski, and N. Lesh. 2015. �The CommCare
evidence base for frontline workers.� .

Gandhi, R., R. Veeraraghavan, K. Toyama, and V. Ramprasad. 2007. �Dig-
ital green: Participatory video for agricultural extension.� In �2007 Inter-
national conference on information and communication technologies and
development,� 1�10. IEEE.

19



Gilligan, D. O., N. Karachiwalla, and G. Thai. 2019. �EVALUATION OF
THE IMPACT OF E-VERIFICATION ON COUNTERFEIT AGRICUL-
TURAL INPUTS AND TECHNOLOGY ADOPTION IN UGANDA.� .

Goyal, A. 2010. �Information, Direct Access to Farmers, and Rural Mar-
ket Performance in Central India.� American Economic Journal: Applied
Economics 2 (3): 22�45.

Hasanain, A., Y. Khan, and A. Rezaee. 2017. �No bulls: Crowdsourc-
ing away asymmetric information in the market for arti�cial insemina-
tion in Pakistan.� Unpublished manuscript]. https://armanrezaee. github.
io/pdfs/livestock_ 3sept2019. pdf, last accessed March 9: 2020.

Jensen, R. 2007. �The digital provide: Information (technology), market per-
formance, and welfare in the South Indian �sheries sector.� The quarterly
journal of economics 122 (3): 879�924.

Karlan, D., M. McConnell, S. Mullainathan, and J. Zinman. 2016. �Getting
to the top of mind: How reminders increase saving.� Management Science
62 (12): 3393�3411.

La Ferrara, E., A. Chong, and S. Duryea. 2012. �Soap Operas and Fertility:
Evidence from Brazil.� American Economic Journal: Applied Economics
4 (4): 1�31.

Lecoutere, E., D. J. Spielman, and B. Van Campenhout. 2020. Women's em-
powerment, agricultural extension, and digitalization: Disentangling infor-
mation and role-model e�ects in rural Uganda. Intl Food Policy Res Inst.

Lester, R. T., P. Ritvo, E. J. Mills, A. Kariri, S. Karanja, M. H. Chung,
W. Jack, J. Habyarimana, M. Sadatsafavi, M. Najafzadeh et al. 2010.
�E�ects of a mobile phone short message service on antiretroviral treatment
adherence in Kenya (WelTel Kenya1): a randomised trial.� The Lancet
376 (9755): 1838�1845.

Mayzlin, D., Y. Dover, and J. Chevalier. 2014. �Promotional Reviews: An
Empirical Investigation of Online Review Manipulation.� American Eco-
nomic Review 104 (8): 2421�55.

Mitchell, K. M. and J. Martin. 2018. �Gender bias in student evaluations.�
PS: Political Science & Politics 51 (3): 648�652.

20



Muto, M. and T. Yamano. 2009. �The Impact of Mobile Phone Coverage
Expansion on Market Participation: Panel Data Evidence from Uganda.�
World Development 37 (12): 1887�1896.

Namyenya, A., T. Daum, P. B. Rwamigisa, and R. Birner. 2021. �E-diary:
a digital tool for strengthening accountability in agricultural extension.�
Information Technology for Development 0 (0): 1�27.

Ochieng, D. and B. Baulch. 2020. Report on a study to crowdsource farmgate
prices for maize and soybeans in Malawi. Tech. rep.

Porter, C. and D. Serra. 2020. �Gender Di�erences in the Choice of Major:
The Importance of Female Role Models.� American Economic Journal:
Applied Economics 12 (3): 226�54.

Riley, E. et al. 2017. �Increasing students' aspirations: the impact of Queen
of Katwe on students' educational attainment.� In �CSAE Working Paper
WPS/2017-13,� .

Sekabira, H. and M. Qaim. 2017. �Can mobile phones improve gender equality
and nutrition? Panel data evidence from farm households in Uganda.� Food
Policy 73: 95�103.

Sitko, N. J. and T. Jayne. 2014. �Exploitative briefcase businessmen, para-
sites, and other myths and legends: assembly traders and the performance
of maize markets in eastern and southern Africa.� World Development 54:
56�67.

Sparrow, R., C. Miehe, D. Spielman, B. V. Campenhout, P. Ntakyo,
F. Bagamba, and G. Otim. 2021. �Demand and supply factors constrain-
ing the emergence and sustainability of an e�cient seed system - three
experiments in Uganda.� AEA RCT Registry .

Spielman, D., E. Lecoutere, S. Makhija, and B. Van Campenhout. 2021. �In-
formation and Communications Technology (ICT) and Agricultural Ex-
tension in Developing Countries.� Annual Review of Resource Economics
13 (1): null.

Suri, T. and W. Jack. 2016. �The long-run poverty and gender impacts of
mobile money.� Science 354 (6317): 1288�1292.

21



Svensson, J. and D. Yanagizawa. 2009. �Getting Prices Right: The Impact
of the Market Information Service in Uganda.� Journal of the European
Economic Association 7 (2-3): 435�445.

Van Campenhout, B. 2007. �Modelling trends in food market integration:
Method and an application to Tanzanian maize markets.� Food policy
32 (1): 112�127.

���. 2017. �There is an app for that? The impact of community knowledge
workers in Uganda.� Information, Communication & Society 20 (4): 530�
550.

���. 2021. �The Role of Information in Agricultural Technology Adop-
tion: Experimental Evidence from Rice Farmers in Uganda.� Economic
Development and Cultural Change 69 (3): 1239�1272.

Van Campenhout, B., C. Miehe, D. Spielman, R. Sparrow, P. Ntakyo,
F. Bagamba, and G. Otim. 2021. Demand and supply factors constraining
the emergence and sustainability of an e�cient seed system - three experi-
ments in Uganda. Tech. rep.

Van Campenhout, B., D. J. Spielman, and E. Lecoutere. 2021. �Information
and communication technologies to provide agricultural advice to small-
holder farmers: Experimental evidence from Uganda.� American Journal
of Agricultural Economics 103 (1): 317�337.

Vandevelde, S., B. Van Campenhout, and W. Walukano. 2021. �Accounting
for spillovers in assessing the e�ectiveness of video messages to improve
potato seed quality: evidence from Uganda.� The Journal of Agricultural
Education and Extension 1�32.

Vasilaky, K., K. Toyama, T. Baul, M. Mangal, and U. Bhattacharya. 2015.
�Learning Digitally: Evaluating the Impact of Farmer Training via Medi-
ated Videos.� In �Northeast Universities Development Consortium Con-
ference, Providence, RI,� vol. 7.

Voight, K. 2011. �Mobile phone: Weapon against global poverty.�

Walter, T. F., M. Kremer, O. Reich, Z. Sun, S. van Herwaarden, and H. Yesi-
gat. 2020. �Using Data for Development: Evidence from a Phone System
for Agricultural Advice.� .

22




