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Saharan Africa and strategies to provide information on innovative agricultural practices to
smallholder farmers. The research in this paper is then discussed within the context of research on
information and communication technologies (ICTS) for development. Next, the paper presents
the ICT-enhanced participatory radio campaign approach and ICT innovations introduced by Farm
Radio International, a Canadian nongovernmental organization. The paper analyzes two partic-
ipatory radio campaigns that use both listening groups and ICTs to engage African farmers.
Research on these radio campaigns in six African countries is reported to examine how the par-
ticipatory approach impacted listenership, knowledge and initial adoption of agricultural tech-
niques and practices presented in the radio campaigns. The authors conclude that the findings of
research on these projects could be highly relevant for increasing awareness and adoption of
agricultural practices in Sub-Saharan Africa. They also appear promising for other development
sectors and for other developing regions.

1. Introduction

Developing regions face many critical challenges, of which the most basic is producing sufficient food for their people. Some 220
million people in Sub-Saharan Africa (SSA) do not have enough to eat; three quarters of them live in rural areas. They depend on farming
to feed themselves and to generate income for other needs on land that is often prone to natural disasters such as drought or floods.
Development agencies such as the UN's Food and Agriculture Organization (FAO) state that Africa is in a food security crisis (FAO, IFAD,
WEFP, 2015).

Radio remains the most widely used medium in rural Africa and a key instrument of strategies attempting to reach people who may
be illiterate and are often without electricity. In the communities participating in the projects described below, approximately 76
percent of households owned a radio (Farm Radio International, 2011b). Radio is therefore an instrument of choice for creating
awareness of best practices to enhance food security among African farmers but it also has the potential to go beyond solely dissem-
ination of information to help increase adoption of innovative agricultural practices.
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With the rapid development and penetration of information and communication technologies (ICTs) in rural Africa, there is now an
increased interest from both the communication-for-development (C4D) and agricultural R&D communities in assessing the potential of
ICTs to contribute to delivery of extension and advisory services and to rural development in Africa (Aker, 2011). In particular, given the
widespread access to radio broadcasts, there is a strong interest in exploring ways in which ICTs can enhance traditional radio pro-
gramming (Gilberds & Myers, 2012; Manyozo, 2009). Within that context, the purpose of this paper is to present an approach that
integrates ICTs with radio programming to enhance interactivity and farmer participation, and thus increase the potential for adoption
and scaling-up of agricultural innovations.

The paper is organized as follows. First, we summarize evidence on food insecurity in Sub-Saharan Africa (SSA) and strategies to
provide information on innovative agricultural practices to smallholder farmers. We then we place the research in this paper within the
context of research on ICTs for development (ICT4D). Next, we present the ICT-enhanced participatory radio campaign (PRC) approach
and ICT innovations introduced by Farm Radio International (FRI), a Canadian nongovernmental organization (NGO) that supports
radio broadcasting for rural development in Africa. Two major FRI projects involving six countries in East and West Africa are then
presented and analyzed to examine how the participatory approach impacted listenership, knowledge and initial adoption of agricul-
tural techniques and practices presented in the radio campaigns. Finally, we present conclusions and lessons for rural development and
communications policies.

2. The challenge of food insecurity in Sub-Saharan Africa

With 13 percent of the world's population, SSA's population includes a disproportionate 27.7 percent of the world's undernourished
(FAO et al., 2015). Although the prevalence of undernourishment in SSA is estimated to have declined from 33 percent to 23 percent
between 1990-92 and 2014-16, with the growing population, the total number of undernourished people has continued to increase to
approximately 220 million in 2014-16 compared to 175.7 million in 1990-92. Thus achieving food security in SSA remains one of the
key challenges facing national governments and the international development community. The majority of people affected by poverty
and food insecurity in SSA live in rural areas; their livelihoods consist primarily of family farms involved in agricultural, fisheries,
pastoral, community forestry, or aquaculture activities (FAO, 2014). Their heavy reliance on natural resources and ecosystem services
and the relative weakness of rural institutions contribute to increasing the vulnerability of these family farms to environmental and
climatic shocks, market volatility, and political unrest - a vulnerability that was clearly demonstrated during the 2007-2008 food crisis
(Headey & Fan, 2010; IFAD 2011; ILO 2012).

The relatively slow progress in reducing food insecurity in SSA thus raises crucial questions about how national governments and the
international community approach food security research and development initiatives (Hickey, Pelletier, Brownhill, Kamau, & Maina,
2012). Despite the development and testing of agricultural innovations that have demonstrated a clear potential to enhance household
food and nutrition security, a major challenge remains to increase the uptake of these practices by smallholder farmers and to scale-up
these practices over larger populations and geographical areas.

3. Facilitating innovation among smallholder farmers

Many agricultural practices have been developed and proposed over the years to address the problem of food and nutrition insecurity
in rural areas. Often presented as components of larger strategies such as climate-smart agriculture (Lipper et al., 2014), agro-ecology
(Altieri, 1999), integrated landscape management (Bailey & Buck, 2016), or resilient agriculture (Bennett et al., 2014), examples of
practices include the diversification of crops and animals within farming systems, the cultivation of more nutritious and drought tolerant
crops, integrated soil fertility and water management practices - e.g., composting, green manure, fertilizer trees, minimum tillage,
improved post-harvest storage and processing methods, integrated pest management, and improved livestock management practices.
Furthermore, in addition to improving agricultural productivity, farmers need appropriate strategies to generate income from their
crops and livestock and access viable input and output markets. Smallholder farmers' access to relevant and timely information
regarding these practices is thus a necessary component to enhancing food security in rural areas. Yet awareness alone is not sufficient;
there is also a need to address the social, institutional and policy processes that affect farmers’ capacity or willingness to implement
these new practices.

Agricultural extension and advisory services (EAS) have the potential to play a vital role in addressing some of these challenges
(Davis, Babu, & Blom, 2014). In effect, in addition to their more traditional role of knowledge broker for the dissemination of agri-
cultural technologies, EAS are playing an increasingly important role in supporting linkage building and facilitation activities that can
contribute to enhancing the institutional and social processes underlying innovation among small-scale farmers (Kilelu, Klerkx, Leeuwis,
& Hall, 2011; Klerkx, Schut, et al., 2012; Muhammad, Maina, Pelletier, & Hickey, 2016). The emphasis is then put on creating an
enabling environment for innovation through the facilitation of social learning and collaboration among farmers and other stakeholders,
and the building of farmers’ capacity to operate within their existing institutional environment (Davis & Heemskerk, 2012; Klerkx, Van
Mierlo, & Leeuwis, 2012; Sulaiman & Davis, 2012).

4. Radio for development and ICT4D
The theoretical foundations of the research presented below rest on lessons from three inter-related fields of research:

o The effects of mass media, particularly in rural and developing regions
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o The diffusion of innovations
e The role of interactivity in learning and adoption.

Research on the role of broadcasting media in development has been carried out since the 1960s, in sectors including agriculture,
education, health care and economic development (see Schramm, 1964). McAnany (2012) provides a comprehensive review of the field
of communication and social change, focusing primarily on developing regions. Rogers (2003, first edition 1962) defined diffusion as
the means by which an innovation is communicated through certain channels over time to members of a social system. He identified
various steps in the process of adopting an innovation, the role of information at various steps in the process, and channels that included
both mass media and interpersonal communication. Numerous communication researchers have applied diffusion theory in analysis of
the adoption of innovations in developing regions (Zanello, Fu, Mohnen, & Ventresca, 2016).

Radio programs, often in conjunction with agricultural extension and other outreach activities, have been frequent components of
agricultural campaigns. One of the earliest efforts to use radio for rural development was the Canadian Farm Radio Forum beginning in
the 1940s. Interactivity in the form of listening groups where farmers met and discussed the content of the radio broadcasts was part of
the radio farm forum model on the Canadian prairies. In developing regions, radio broadcasts have been included in development
campaigns and as components of distance education curricula since the 1960s. Radio remains an effective means of reaching rural
Africans, as more than 75 percent of households in SSA have radio sets. In the past decade, cellular network coverage has expanded to
include rural areas, and mobile phones have also proliferated, even among low income rural populations. By mid-2014, there were 329
million unique subscribers in SSA, equivalent to a penetration rate of 38 percent (GSMA, 2015). Thus many households, even in rural
regions, have access to a mobile phone.

Interactivity has been found to increase learning and adoption of new practices through such techniques as listening groups and
classroom activities to accompany instructional programs, and more recently through interactive technologies such as mobile phones
(Hudson, 2006, 2014). The value of interactivity also relates to the view that innovation processes, which underlie farmers’ adaptation
capacity and decisions to uptake new practices, could be considered an outcome of learning, reflective, and transformative processes
involving interactions among multiple stakeholders and institutions (Hall, Janssen, Pehu, & Rajalahti, 2006). Development practitioners
and researchers have thus sought to harness the potential of these new Information and Communication Technologies (ICTs) in
development initiatives (e.g., Aker, 2011; Gilberds & Myers, 2012; Meera, Balaji, Muthuraman, Sailaja, & Dixit, 2012; Munyua, Adera,
& Jensen, 2009). Development agencies such as the FAO have drawn attention to the potential of new applications such as radio
streaming and websites and other materials available online (Girard, 2003). Funding agencies have begun to support projects exploring
the potential of ICTs to achieve development goals. Numerous studies, mostly at the macro level, have provided evidence of the impact
on socio-economic development of the rapid diffusion of mobile phones and increasing access to the Internet (see, for example, Katz,
2012; International Telecommunication; Union, 2015; Waverman, 2005; World Bank, 2016).

5. FRI's participatory radio approach

FRI's efforts to integrate interactive ICTs in the radio campaigns are based on lessons from this research on the role of communication
in development: (1) that modern technology can be used for the production of more compelling and entertaining content that can build
and hold an audience's attention over time, and (2) that modern technology can facilitate more substantive interaction from the listening
audience. In turn, based on findings of the research cited above, engaging content and audience interactivity could result in increased
knowledge acquisition and adoption of agricultural practices presented in the radio programs.

For more than 30 years, FRI has developed agricultural content for use by African radio stations, and in recent years, FRI has trained
African broadcasters to produce and deliver development programs for farmers. Building on this experience, FRI has recently under-
taken several initiatives to introduce participation and interactivity in rural radio campaigns as part of a strategy to increase knowledge
and ultimately adoption of improved agricultural practices that could increase food security. The use of ICTs, particularly mobile
phones, has become an important component of this strategy.

The rural radio forums in Canada operated on the principles of “Listen, discuss, act.” Interaction among listeners is a crucial com-
ponent in communication for development. The second step of “discussion” can potentially benefit greatly from the two-way nature of
interactive radio programming incorporating mobile phone technology. The proliferation of mobile phones has made possible imple-
mentation of several innovative strategies to enhance FRI-supported programming in SSA. Technologies ranging from recordable wind-
up radios distributed to community listening groups to interactive voice response (IVR) systems are components of FRI's modern
interactive radio strategies. These innovations enable FRI programs to expand from a one-way information delivery medium to provide a
platform for knowledge exchange and discussion among farmers.

The interactive strategy discussed in this paper is known as a Participatory Radio Campaign (PRC) (Farm Radio International,
2011a). The PRC is a planned series of radio programs broadcast to a targeted farming population over a specified period of time (usually
about four months), and is intended to help farmers adopt a particular farming practice or improvement. PRCs are designed to engage
farmers in the selection of topics and to engage farmers at every step. Farmers are involved in:

selecting the improvement or innovation to be featured;

discussing the pros and cons of adopting it;

making an informed decision about whether or not to take up the improvement;
providing practical advice during the adoption process (Farm Radio International, 2015a).
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Table 1
Technological innovations used in FRI projects.
Problem addressed Technology used Details of intervention
Increasing listenership SMS text message reminders SMS reminders are sent out 30 minutes before the beginning of each weekly broadcast,

reminding listeners to tune in and remind their neighbors.
Ensuring radio coverage in hard- Wind-up radios with SD card Community listener groups, especially in areas with spotty radio coverage, are given wind-up
to- reach locations slots powered radios that are capable of recording broadcasts for later listening sessions. SD cards
can be swapped by staff from radio stations who travel weekly to hard-to-reach locations,
effectively providing radio programs beyond radio coverage.
Ensuring interaction by large Beep-2-vote missed call FRI has developed a simple method of gathering votes from audiences using missed calls. Radio
numbers of audience members technology stations can solicit real-time feedback from their audience on “yes” or “no” (or any binary
question) and aggregate votes using web-based software. This technology is both free for the
user and easy for almost anyone with access to a mobile phone.

Building a local listener database Voice-based registration trees ~ Radio stations in Tanzania and Uganda have used voice registration trees. Listeners call a
number, hang-up and are called back by an interactive voice response (IVR) system to opt-in to
receiving future communications. This technique engages radio audiences to enable more
regular future interaction. Radio stations and development partners are also able to gather
valuable demographic information from registrants.

Ensuring deeper interactions with Interactive voice response (IVR) Like beep-2-vote, farmers can call a number and hang up to initiate a free callback. A voice-

targeted information polls and quizzes based menu provides a platform to deliver more intricate multiple choice polls and quizzes. The
data gathered from these interactions can be used to provide content for future broadcasts as
well as feedback for mid-course corrections for radio producers. This system does not require
literacy and is free-of-charge for the caller.

Providing content for later Interactive voice response (IVR) IVR systems include an option to “leave a message.” This feature is often included as a way for
programs “leave a message” service farmers to leave open-ended comments or questions for use in future radio programs. It has also
been employed as a means to gather monitoring and evaluation data for radio projects.
Linking listeners with valuable =~ Beep-4-services Using both SMS and voice-based systems, farmers can receive SMS messages or call backs after
services sending a missed call to obtain useful information. Weather information, planting material

procurement locations and contact information for local input providers are delivered by voice
or SMS. These links create a useful extension to radio programs to increase listener engagement
as well as providing a valuable on-demand service.

Capturing voices of farmers Low-cost MP3 recorders Inexpensive MP3 recorders with good quality audio recording capabilities allow radio
broadcasters to include more farmers' voices on the air, helping to add legitimacy to broadcasts.
Previously, stations owned one or two expensive recorders used only by senior staff. This
democratization of field recording has resulted in a major improvement in field recording for
African broadcasts.

A key component is a Community Listening Group (CLG) which listens to the programs and discusses them, and provides regular
feedback. The CLG provides interactivity through discussion along the lines of the original farm radio forum, but also uses ICTs to
provide feedback and interact with the radio programmers and resource people interviewed, such as extension officers.

6. Enhancing participation through interactive ICTs

FRI has developed a suite of ICT tools to both simplify and increase interactions between audiences and broadcasters. Mobile phones
are widely available in rural Africa, with subscribers typically using “pay as you go” pricing models to prepay for service in small
increments. To save money, rather than paying for SMS or voice calls, users may call and let the phone ring once and hang up (known as
beeping) to signal a message to someone they know. The message might be predetermined, such as “I have arrived,” or a request for the
recipient to return the call. FRI has adapted this technique as a means for farmers to provide feedback about radio programs. An example
is Beep-2-vote, in which a broadcaster might ask listeners to vote on what topic they want to hear about the following week by beeping a
different telephone number for each choice. The broadcaster can tally the votes and announce the winning selection on the air (Farm
Radio International, 2015b).

Low-cost software can also be used to build a database of mobile phone numbers. This technique has been used in PRCs to build a
contact list of members of the community listening groups so that they can be reminded to listen to the program. While the station must
pay for the SMS messages, they can be a cost-effective means of encouraging listening and participation. FRI developed an application
using Telerivet, software that can be loaded on an Android phone, to help radio stations track SMS and beeped or missed calls. The
smartphone must be connected to the Internet, for example through a mobile data (3G) connection or Wi-Fi. The station can organize its
contact list using a web browser on a computer, and can set up call outs, such as reminders 30 minutes before a program. The software
can also aggregate responses to Beep-2-vote questions and display them for the broadcaster in real-time (see Farm Radio International,
2015b and Telerivet).

Since some farmers may be illiterate and unable to type an SMS, another feature that can be added to Beep-2-vote is voice messaging.
Farmers’ opinions can be recorded and then played on the radio using the “Beep2LeaveVoice” message service. This service has also
been used for buyers and sellers, who leave their contact details, which are then aired during the radio broadcast. The platform for this
application was developed by a Ghana-based start-up (see Votomobile).

Interactive Voice Response (IVR) systems can be used to provide several forms of interactivity with listeners. Listeners can call a
number, hang up, and be called back by the system so that they do not have to pay to opt-in for future information. IVR systems can also
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be designed with menus for polls or quizzes. The listener can call the IVR number, hang up, and receive a return call offering prompts to
select choices from menus. These IVR call-back systems are free for callers and do not require literacy.

The community listening groups in the projects described below shared a wind-up, solar-powered, radio set with MP3 recording and
playback built in to facilitate group listening. They could also record the programs for later listening and record their discussion or
comments. The radios also have SD card slots so that the cards may be swapped out by radio staff. They can thus provide access to
programs recorded on the cards in areas where reception is poor.

Low-cost MP3 recorders allow broadcasters to collect interviews and wild-sound audio of high quality on field visits. Along with
digital editing technology, this inexpensive but valuable equipment has added a level of professionalism to radio broadcasts.

These technological innovations and applications are summarized in Table 1.

7. Mapping audience coverage and reach

To estimate the impact of rural radio campaigns, it is important to know the reach or population covered by rural radio broadcasts.
This information is generally not available for African radio stations covering rural areas; any available estimates are generally inac-
curate or out-of-date. In order to create reliable estimates of potential listeners, actual listeners, and a radio station's “broadcast zone,”
FRI has developed a process for creating maps that show broadcast coverage zones for its radio station partners.

FRI collected the following information from each station:

the location of the radio station transmitter (using GPS)

the transmitter height above average terrain (HAAT)

the effective radiated power (ERP) of the transmitter (in watts)
the gain of the transmitter (dBi)

These four variables are fed into open-source GIS mapping software that adheres to Federal Communications Commission standards
for determining FM radio contours based on the principles of FM radio signal propagation shown in the Irregular Terrain Model (ITM)
(Longley & Rice, 1968). A detailed description of the mapping methodology can be found in FRI 2015a.

Population maps are overlaid with the radio contour maps produced by this method, and two calculations were made in each
broadcast zone:

e total potential population — the population in the station's broadcast coverage zone, and
o total potential rural population — the rural population in the station's broadcast zone (“rural” is defined as less than 400 people/km?).
Total adult population is calculated using estimates of adult population percentages in each country from UN data.

8. Interactive farm radio services project in East Africa
8.1. Project overview

African farmers need better access to agricultural information to provide sufficient nutritious food for their families and communities
and to help them plan for and cope with climate change. An interactive radio project was designed to help small-scale farmers to increase
production of nutritious food in the context of a changing climate. Though not exclusively directed to women, the project actively
engaged women farmers, invited them to express their information needs regarding farming for nutrition and climate smart agriculture,
and linked them through interactive and participatory radio with the relevant researchers, results, inputs, services and markets.

The fifteen-month project was carried out in Ethiopia, Malawi, Tanzania, and Uganda. A radio station partner in each country was
trained in the PRC approach. A participatory model including listening groups and interactives ICTs was implemented to provide an
opportunity for men and women farmers and researchers to interact to discuss and address agricultural challenges together. In each
country, consultations were thus conducted in the communities to identify the agricultural innovation to be promoted in the PRC. Key
criteria used for the selection of these innovations included: climate-smart, nutrition sensitive, potential to benefit women, linkage to
existing input and output markets. The following practices were selected:

Ethiopia: Improving the production of the staple crop enset (Ensete ventricosum);
Malawi: The use of marker ridges in conservation agriculture;

Tanzania: Improving the production of sorghum (Sorghum bicolor);

Uganda: Introduction of the cassava (Manihot esculenta) NASE 14 variety.

In each case, the PRC included the promotion of a basket of practices associated with the selected agricultural innovation.

A total of 151 hours of participatory radio programs was broadcast in the four campaigns. Using the mapping methodology outlined
above, FRI estimated a potential listening audience of more than five million adults in the broadcast zone of the four radio stations, and
approximately 2.2 million farmers listened to at least one PRC episode.

Listening groups were organized in each country, with a total of 82 listening groups consisting of 2313 members, of which 51.5
percent were women. Several of the ICT strategies described above were used in the campaigns. ICTs were employed for a number of
purposes, including:
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Fig. 1. Percentage of listening and non-listening households with a score of 60 percent or more on the knowledge quiz for the Interactive Farm Radio Services project.
Total sample size for each category appears at the bottom of the bar for a grand total of 1931 households.

monitoring (for example, to understand what farmers were learning);
promoting listener participation;

e enabling farmers to ask questions;

e sending out information on request (concerning weather or markets);
e gathering listener and CLG feedback on the quality of the shows.

For example, in Tanzania, SMS alerts were sent out before the programs, and weekly Beep-2-vote questions were included with
follow-up SMS to mobile phones. Also, every week, the radio station received feedback from Community Listening Groups (CLGs) via a
tool called Sauti ya Mkulima Wiki Hii — “Voice of the Farmer This Week.” After discussion, each group's nominated contact person left a
missed call at the call-in telephone number, and received a call back. The contact person sent the feedback by pressing numbers on the
phone. The CLGs were also able to leave comments by recording their voices on the IVR service.

In Malawi, SMS and voice platforms were selected to increase interactivity, share information and gather feedback from farmers
throughout the campaign. In Uganda, farmers own mobile phones, but many are not able to write an SMS. With the use of IVR, farmers’
opinions could be heard using the “Beep2LeaveVoice” message application. This service was also used for buyers and sellers, who left
their contact details, which were then aired during the radio program. In total in the four campaigns, nearly 20,000 SMS alerts were sent
in advance of the programs. There were approximately 25,000 interactions via the “Beep-2-vote” system.

8.2. Research methodology.

Between March and May 2015, an outcome evaluation survey was conducted to assess the effectiveness of the PRCs across the four
project countries. The survey was administered to communities purposefully selected within the area covered by each participating
radio station. In addition, a number of communities were initially selected to act as control communities that did not receive the radio
signal. However, high levels of listening in the regions thought to be outside of the range of the broadcast made it difficult to identify
true controls. Therefore, the assessment of the effect of the PRC was done instead by comparing listening vs. non-listening households
across all communities. In total, the project included 26 communities across the four countries.

In each community, a systematic random sampling of every nth household was performed. The survey concentrated on changes in
knowledge, uptake or trial of the promoted practice, and quality of the radio programs. A total of 1931 respondents were interviewed
with a structured survey instrument. Interviewers entered responses on mobile phones equipped with software that recorded the
responses and sent data to a central site. A one-tailed z-test was used to assess whether a significantly greater percentage of listening
households than of non-listening households scored above 60 percent on the knowledge quiz, and similarly, whether a significantly
greater percentage of listening households than non-listening households implemented at least one of the promoted practices.

8.3. Research findings

Fig. 1 shows the percentage of listeners vs. non-listeners who obtained a score of at least 60 percent on the knowledge quizzes
administered in each country. In Malawi, Tanzania and Uganda, a significantly higher percentage of households listening to the PRC
program obtained a score equal or greater than 60 percent than did non-listening households (p < 0.001). Performance on the
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knowledge quiz was better for Malawi with 76.7 percent of listeners scoring at least 60 percent on the quiz, followed by Tanzania with
59.6 percent of listeners achieving that score. While the difference was also significant in Uganda, less than 30 percent of listeners
achieved that score. In Malawi and Tanzania, non-listeners may have had greater prior knowledge of marker ridges and sorghum,
respectively, compared to the prior knowledge of the cassava variety NASE 14 in Uganda.

Ethiopia displays a pattern different from the other three countries. The level of knowledge is higher than for the other countries with
no apparent effect of the PRC program. With about 87 percent of the households in Ethiopia obtaining a score of 60 percent or higher,
results suggest that the farmers in the project area may have already been quite familiar with enset, a traditional and important staple
crop in the south and southwestern parts of the country (Brandt et al., 1997; Tsegaye & Struik, 2002).

As might be expected, listening to more programs was associated with higher scores on the knowledge quizzes. Those who listened to
half of the programs scored more than 45 percent higher than those who did not listen to any programs, while those who listened to all
the programs scored 68 percent higher on the knowledge quizzes (Fig. 2).

Fig. 3 shows that being a member of a community listening group (CLG) boosted knowledge levels even more, with members of CLGs
scoring slightly higher than all listeners shown in Fig. 1. With the exception of Ethiopia (see discussion above), the difference is sig-
nificant at p < 0.001.

Listening to the PRC also had a significant impact on the number of households implementing at least one of the promoted practices
in Malawi, Tanzania, and Uganda (Fig. 4). In Uganda the percentage of listeners implementing at least one practice was 2.7 times the
percentage of non-listeners, while in Tanzania it was 2.9 times the percentage of non-listeners. In Malawi, 1.9 times the percentage of
listeners compared to non-listeners implemented at least one promoted practice, with significance for all three countries at p < 0.001.
Again, Ethiopia was an outlier, with a much smaller increase among listeners (p = 0.057), and more than 50 percent of both listeners and
non-listeners implementing a promoted practice (see discussion above).

Recognizing women's essential role in farming in SSA, as well as their primary responsibility for feeding their families (World Bank,
FAO, & IFAD, 2009), the project adopted a gender-sensitive approach that facilitated both women and men's participation in project
activities and the selection of agricultural practices that could address their needs and priorities. Responses from the outcome evaluation
survey were therefore disaggregated by gender and analyzed to compare female and male listeners and non-listeners. For female
respondents, 48.4 percent listened to a radio program, compared with 57.9 percent of male respondents (p < 0.001; two-tailed test). In
all cases except Ethiopia, both female and male listeners were significantly more likely to implement at least one of the promoted
practices than non-listeners (all at p < 0.001 except male respondents in Malawi at p = 0.003). No statistically significant differences
were found in the proportion of households implementing at least one practice between female and male listeners (Fig. 5).

More than 80 percent of members of listening groups in Malawi and Tanzania implemented at least one of the practices discussed in
the radio campaigns. While the percentage was much lower in Uganda, almost twice the percentage of group members implemented the
improvement as nonmembers (Fig. 6). The greater proportion of households adopting at least one practice in CLG members compared to
non CLG members was significant at p < 0.001 for Malawi, Tanzania, and Uganda, and at p = 0.013 for Ethiopia.

When disaggregating the results for the listening groups by gender and using a two-tailed z-test, among CLG members, the per-
centage of respondents implementing at least one of the practices was higher for men (73.9%) than for women (50.9%) in Ethiopia
(p = 0.005) and higher for women (86.6%) than for men (66.7%) in Malawi (p = 0.021). The difference was not statistically significant
in Tanzania and Uganda (p = 0.889 and p = 0.952, respectively).

It is not possible to disaggregate from the available data whether any specific interactive ICT strategy made a difference to adoption.
However, all listeners were exposed to the participatory model of the radio campaigns. In addition, the members of the listening groups
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Fig. 2. Relationship between average score on knowledge quiz and listening frequency of PRC episodes for the Interactive Farm Radio Services project. Total sample
size = 1931.
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were able to interact with each other to discuss the programs and to provide feedback via the IVR systems.

The value of the participatory model is illustrated by some of the comments from those interviewed during the evaluation. An
extension officer in Tanzania said the radio programs had been helpful in sharing knowledge and informing farmers: “The usual way of
extension services would require me to visit farmers at their fields and it would take me forever to reach all farmers, but with radio and
ICT, now I can reach so many farmers in a very short time.” In Uganda, farmers said that radio staff visited them and recorded their
voices. Many farmers heard their voices on the radio, which they liked and helped them to feel empowered. In Ethiopia, although may
knew about enset as a traditional crop, they were not aware of some new farming practices. An extension worker noted: “Enset is in
danger of extinction in Kembata area due to severe diseases. Farmers have not got any training [or] information on enset as on other
crops. With the coming of the radio program, I heard them say ‘the forgotten crop is reviving.” They are motivated by the program”
(Farm Radio International, 2015a). In some regions, women who did not have a radio at home listened to the program in their neighbors'
houses during coffee ceremonies. An extension worker explained that, “Women take care of all the processes after planting enset. The
program enables women to better take care of their enset farm.”

In summary, results from the outcome evaluation survey and farmers' individual and group interviews indicate that the ICT-
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enhanced PRC was effective at increasing awareness and at facilitating farmers' decisions to uptake the promoted practices. The effect of
the PRC on farmers' uptake of the promoted practices was similar among women and men even though men had slightly more access to
the radio programs. Results from the listening groups, however, in particular in Malawi, highlighted the potential of this approach to
enhance women's participation and access to information. Differences in the results obtained in the four countries appear to reflect the
particular social, institutional, cultural and technological context within which the selected practices were promoted, highlighting the
need to acknowledge these local specificities in developing and assessing the PRC.

9. Reducing vitamin A deficiency with orange fleshed sweet potato

Vitamin A deficiency is a widespread health challenge in SSA (WHO, 2009), which can lead to anemia, decreased growth rate and
xerophthalmia; increase the vulnerability to infections, in particular measles, diarrhea, and respiratory diseases; and reduce childhood
survival (Sommer & West, 1996). As many as 43 million children under age 5 in SSA are considered at risk for vitamin A deficiency
(Aguayo & Baker, 2005). Furthermore, vitamin A deficiency is also known to contribute to maternal mortality and poor health outcomes
during pregnancy and breastfeeding (Sommer & West, 1996; Thorne-Lyman & Fawzi, 2012).

Orange foods are rich in beta-carotene, necessary for vitamin A production. In many parts of SSA, sweet potatoes are a staple crop for
farming families, but the traditional African sweet potato is pale yellow with a low content in beta-carotene compared to the bright
orange varieties consumed in North America (Hagenimana, Carey, Gichuki, Oynuga, & Imungi, 1999). New varieties of African sweet
potato have thus been bred that contain much more beta-carotene while also addressing consumers’ preference for flavor and texture
(Hagenimana & Low, 2000; Low et al., 1997). This “Orange Fleshed Sweet Potato” (OFSP) is a highly nutritious crop with demonstrated
health benefits for pregnant women, new mothers and young children (Hotz et al., 2012; van Jaarsveld et al., 2005).

To scale-up the production and consumption of OFSP, FRI launched a three-year initiative using participatory radio and ICT
strategies. The project was implemented in Burkina Faso, Ghana, Tanzania, and Uganda, working with 15 radio stations and with
national OFSP champions. The OFSP project used similar approaches to the project discussed above, namely the PRC model, including
involving target audience members in project design, establishing listening groups, and using a variety of interactive ICTs to enhance
program quality and encourage listening and ultimately adoption of various techniques to improve cultivation, marketing, preparation,
nutrition and consumption.

9.1. Research methodology

Participating communities were divided into Active Listening Communities (ALCs) and Passive Listening Communities (PLCs). ALCs
were defined as communities that received the radio signal and in which there was significant interaction with the OFSP program, either
through listening clubs, regular visits from radio station or project staff, or other types of interaction. PLCs were communities that could
receive the radio signal, but had no other interaction with the project. Within a radio station's coverage area, ALCs and PLCs were
selected purposefully by 1) targeting sweet potato-growing areas, and 2) choosing communities which allowed for travel that fitted
within the project budget and timeline. Between April and July 2013, a baseline survey was administered to a random sample of 2219
households located in ALCs and PLCs using a systematic random sampling of every nth household in each community.

Similar to the Interactive Farm Radio Services project in East Africa described above, an outcome evaluation survey (endline survey)
was conducted between June and August 2016 to assess the effectiveness of the PRCs across the four project countries. The endline
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survey was administered to a new random sample of 3281 households from ALCs and PLCs but also from a number of Control Com-
munities (CCs) that were similar to ALCs and PLCs in terms of agricultural practices and demographics but where it appeared that the
communities could not receive the radio signal, again using a systematic random sampling of every nth household in each community. In
total, the survey was administered to 58 communities across the four countries. However, the results of the survey in the control
communities showed that numerous residents actually did listen to the radio programs. Therefore, the data were re-analyzed to compare
all listeners with all non-listeners. We used a one-tailed z-test to assess whether listening households had a greater percentage of
households than non-listening households for scores on knowledge quizzes, growing OFSP, or consuming OFSP.

9.2. Research findings

In Uganda, the percentage of households in the ALCs that had listened to at least one PRC episode was significantly higher than the
percentage in the PLCs (p < 0.001) (Fig. 7). In Ghana, the percentage of the listeners in the ALCs was also higher, but the difference was
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not significant. In Tanzania and Burkina Faso, the percentage of listeners was actually slightly higher in the PLCs, but the difference was
not significant.

In Ghana and Tanzania, scores on knowledge quizzes were more than twice as high for listeners as for non-listeners. Scores were
more than three times as high in Burkina Faso among listeners, although their overall scores were much lower. Those who did not listen
to at least one program scored significantly lower in each country (p < 0.001) (Fig. 8).

In all four countries, the percentage of listeners who cultivated OFSP was significantly greater than the percentage of non-listeners
(p < 0.001), although again, Burkina Faso's percentages were much lower. The increase in Ghana was greatest, with 8.9 times the
percentage of adopters in listening vs. non-listening communities, followed by 2.3 times the percentage in Tanzania. Overall adoption
was highest in Uganda and lowest in Burkina Faso (Fig. 9).

Women play a major role in growing food for their families, and some studies have highlighted how the introduction of OFSP in rural
communities may have an important gender dimension such as potential economic and health impact on women compared to men
(Mudege, Mayanja, & Muzhingi, 2017; Quisumbing et al., 2015). Data were therefore disaggregated to compare results for female and
male listeners and non-listeners. For females, 43.7 percent of respondents listened to a PRC program, compared with 51.0 percent of
male respondents (p < 0.001; two-tailed test). In all cases, a higher percentage of women who listened to a PRC program tried growing
OFSP compared to non-listeners, with the difference particularly striking in Ghana and Tanzania (both at p < 0.001). In Tanzania and
Uganda, a higher percentage of women listeners planted OFSP than male listeners (p = 0.006 and p = 0.001, respectively). A similar
trend was observed for Burkina Faso but was not found to be statistically significant (p = 0.153) (Fig. 10).

The percentage of listeners who consumed OFSP in their household within the past week was significantly greater than the per-
centage of non-listeners, with consumption highest in Tanzania and Uganda (p < 0.001 and p = 0.004, respectively) (Fig. 11). There may
be several explanations for the relatively low consumption of OFSP compared to the percentage of farmers cultivating them. Many
farmers may decide to grow OFSP primarily to sell, so that the crop is being consumed, but primarily by the people who purchase it in
the marketplace, rather than by the farmers. Families may also need time to become accustomed to the new food (Low et al., 2015;
Yanggen & Nagujja, 2006).

Data were pooled from all four countries to compare the percentages of households that (1) had a score of 70 percent or higher in the
knowledge quiz; (2) were growing OFSP; and (3) fed OFSP to their family in the last seven days before the surveys between the baseline
and endline surveys (Fig. 12). For each of these three variables, the listening households in the endline survey had higher percentages
than households in the baseline survey and non-listening households in the endline survey (p < 0.001), suggesting that the interactive
PRC initiative may have had a positive impact on knowledge and adoption of the practices of both growing and consuming OFSP.

The Scaling-up OFSP Project provided evidence that the ICT-enhanced PRC model contributed to increasing knowledge about,
planting, and consumption of OFSP. Important differences among the four countries, however, highlighted the importance of appro-
priately considering the context-specific factors influencing farmers’ decisions to grow and consume OFSP - such as food preferences,
market access, post-harvest storage, and previous extension messages (Low et al., 2015; Mudege et al., 2017; Yanggen & Nagujja, 2006).

10. Conclusions
The results obtained from the projects described in this paper demonstrate the potential of the ICT-enhanced participatory radio

approach to enhance food security of smallholder farmers in SSA. Broadcast radio remains an important means of reaching rural
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Fig. 10. Percentage of listening and non-listening female and male respondents growing OFSP for the Scaling-up OFSP project. Total sample size for each category
appears at the bottom of the bar for a grand total of 3281.

Africans. Community listening groups, similar to those pioneered in early farm radio forums, can help engage listeners and increase
knowledge. The research indicated that participatory strategies including the use of interactive ICTs can help to engage audiences,
increase knowledge of agricultural improvements and innovations, and contribute to higher levels of adoption than result from listening
alone. The focus on interactivity also has the potential to contribute to women's empowerment by giving them a voice, facilitating their
involvement in decision-making, and strengthening their social capital (Farnworth & Colverson, 2015). These strategies build on earlier
field research that showed that interactivity in the form of discussion groups, feedback to extension agents, and other activities could
increase knowledge and adoption of practices and skills promoted in mass media broadcasts. In most cases, significantly more listeners
adopted the agricultural practice that was the focus of the participatory radio campaign than non-listeners, with this result holding for
both female and male listeners. Although some caution should be taken in attributing the observed behavior changes solely to the
interactive radio programs, the results obtained in these two projects do suggest the potential of the PRC approach to enhance
knowledge and facilitate the uptake of improved technologies by smallholder farmers (see also Hampson, Leclair, Gebru, Nakabugo, &
Huggins, 2016; Oyaro & Farm Radio International, 2013).

In order to gain a better understanding of the diffusion, sharing, and utilization of information, future field research could be
designed to ask respondents how they gained information about the new practice (which might include learning from others who had
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listened to the program as well as from other sources). Further research is also needed to determine what other factors influence
adoption, particularly where overall levels remained low. For example, respondents should be asked to identify barriers to adoption
(such as cost, availability of inputs, weather, etc.). Finally, there is also a need for future research to address the methodological
challenges associated with assessing the impact of extension services and social learning initiatives, which are implemented in very
complex social and institutional environments (Aker, 2011; Davis, 2008; Kristjanson, Harvey, Van Epp, & Thornton, 2014).

Considering the widespread coverage of radio broadcasting and availability of mobile phones in Africa, the approach analyzed here
shows great potential to contribute to scaling-up initiatives. In general, the findings of FRI's participatory media projects, showing the
effectiveness of mobile phones and software that can be used for feedback, comments, dissemination of additional information on
demand, and aggregation and analysis of user data, could be highly relevant for increasing awareness and adoption of agricultural
practices in SSA. They also appear promising for other development sectors such as health and community development, and for other
developing regions.

There are also implications for telecommunications policy makers. First, radio, including local or community radio, remains an
effective means of increasing knowledge in rural areas. Second, widespread rural mobile coverage and affordable mobile services can
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facilitate development of participatory strategies that can help to improve food security in SSA. Therefore, policy makers should rec-
ognize the ongoing importance of broadcast radio and should adopt policies to extend mobile telephony coverage in rural areas.

Acknowledgments

Support for the Interactive Farm Radio Services project was provided by Irish Aid. The Orange Fleshed Sweet Potato project was
supported by the Bill & Melinda Gates Foundation, Helen Keller International, The International Potato Centre and Sweet Potato Action
for Security and Health in Africa (SASHA). The authors would also like to acknowledge the contributions of FRI staff and the field
interviewers.

References

Aguayo, V. M., & Baker, S. K. (2005). Vitamin a deficiency and child survival in Sub-Saharan Africa: A reappraisal of challenges and opportunities. Food and Nutrition
Bulletin, 26(4), 348-355.

Aker, J. C. (2011). Dial “a” for agriculture: A review of information and communication technologies for agricultural extension in developing countries. Agricultural
Economics, 42(6), 631-647.

Altieri, M. A. (1999). The ecological role of biodiversity in agroecosystems. Agriculture, Ecosystems & Environment, 74, 19-31.

Bailey, I., & Buck, L. E. (2016). Managing for resilience: A landscape framework for food and livelihood security and ecosystem services. Food Security, 8(3), 477-490.

Bennett, E., Carpenter, S. R., Gordon, L. J., Ramankutty, N., Balvanera, P., Campbell, B., et al. (2014). Toward a more resilient agriculture. Solutions for a Sustainable and
Desirable Future, 5(5), 65-75.

Brandt, S. A., Spring, A., Hiebsch, C., McCabe, J. T., Tabogie, E., Diro, M., et al. (1997). The ‘tree against hunger’. Enset-based agricultural systems in Ethiopia. Washington
DC: American Association for the Advancement of Science.

Davis, K. (2008). Extension in Sub-Saharan Africa: Overview and assessment of past and current models and future prospects. The Journal of International Agricultural and
Extension Education, 15(3), 15-28.

Davis, K., Babu, S. C., & Blom, S. (2014). Building the resilience of smallholders through extension and advisory services. In S. Fan, R. Pandya-Lorch, & S. Yosef (Eds.),
Resilience for food and nutrition security. An IFPRI 2020 book (pp. 127-135). Washington, DC: IFPRI.

Davis, K., & Heemskerk, W. (2012). Module 3: Investment in extension and advisory services as part of agricultural innovation systems. In Agricultural innovation systems:
An investment sourcebook (pp. 179-193). Washington, DC: World Bank.

Farm Radio International. (2011a). Participatory campaigns and food security: How radio can help farmers make informed decisions. Ottawa: Farm Radio International.

Farm Radio International. (2011b). The new age of radio: How ICTs are changing rural radio in Africa. Ottawa: Farm Radio International.

Farm Radio International. (2015a). Final Report: Developing ongoing demand-led interactive farm radio services. Ottawa: Farm Radio International.

Farm Radio International. (2015b). How to use information and communication technologies (ICTs) to interact with your listeners: Three methods. March 24.

Farnworth, C., & Colverson, K. (2015). Building a gender-transformative extension and advisory facilitation system in Africa. Journal of Gender, Agriculture and Food
Security, 1(1), 20-39.

Food and Agriculture Organization. (2014). The state of food and agriculture: Innovation in family farming. Rome: FAO.

Food and Agriculture Organization, International Fund for Agricultural Development, & World Food Programme. (2015). The state of food insecurity in the world 2015.
Meeting the 2015 international hunger targets: Taking stock of uneven progress. Rome: FAO.

Gilberds, H., & Myers, M. (2012). Radio, ICT convergence and knowledge brokerage: Lessons from Sub-Saharan Africa. IDS Bulletin, 43(5), 76-83.

Girard, B. (Ed.). (2003). Radio, new ICTs and interactivity. Rome: FAO.

GSMA. (2015). The mobile economy 2014: Sub-Saharan Africa. London: GSMA.

Hagenimana, V., Carey, E. E., Gichuki, S. T., Oynuga, M. A., & Imungi, J. K. (1999). Carotenoid contents in fresh, dried and processed sweet potato products. Ecology of
Food and Nutrition, 37, 455-473.

Hagenimana, V., & Low, J. (2000). Potential of orange-fleshed sweet potatoes for raising vitamin A intake in Africa. Food and Nutrition Bulletin, 21(4), 148-414.

Hall, A., Janssen, W., Pehu, E., & Rajalahti, R. (2006). Enhancing agricultural innovation: How to go beyond the strengthening of research systems. Washington, DC: World
Bank.

Hampson, K., Leclair, M., Gebru, A., Nakabugo, L., & Huggins, C. (2016). “There is no program without farmers™: Interactive radio for forest landscape restoration in
Mount Elgon Region, Uganda. Society and Natural Resources. http://dx.doi.org/10.1080/08941920.2016.1239148.

Headey, D., & Fan, S. (2010). Reflections on the Global Food Crisis: How did it happen? How has it hurt? And how can we prevent the next one? Research Monograph 165.
Washington, DC: International Food Policy Institute.

Hickey, G. M., Pelletier, B., Brownhill, L., Kamau, G. M., & Maina, I. N. (2012). Preface: Challenges and opportunities for enhancing food security in Kenya. Food Security,
4(3), 333-340.

Hotz, C., Loechl, C., Lubowa, A., Tumwine, J. K., Ndeezi, G., Masawi, A. N, ... Gilligan, D. O. (2012). Introduction of p-carotene-rich orange sweet potato in rural
Uganda resulted in increased vitamin A intakes among children and women and improved vitamin A status among children. The Journal of Nutrition, 142(10),
1871-1880.

Hudson, H. E. (2006). From rural village to global village. New York: Routledge.

Hudson, H. E. (2014). Information technologies for rural development in Africa: New paradigms from radio to broadband. In J. O'Neill, E. Noam, & D. Gerbarg (Eds.),
Broadband as a video platform: Strategies for Africa (pp. 117-128). Geneva: Springer.

International Fund for Agricultural Development. (2011). Rural poverty report 2011-new realities, new challenges: New opportunities for tomorrow's generation. Rome: IFAD.

International Labor Organization. (2012). Global employment trends 2012 preventing a deeper jobs crisis. Geneva: ILO.

International Telecommunications Union (ITU). (2015). Measuring the information society report. Geneva: ITU.

Katz, R. (2012). The impact of broadband on the economy: Research to date and policy issues. An International Telecommunication Union (ITU) Broadband Report. Geneva:
ITU.

Kilelu, C. W., Klerk, L., Leeuwis, C., & Hall, A. (2011). Beyond knowledge brokering: An exploratory study on innovation intermediaries in an evolving smallholder
agricultural system in Kenya. Knowledge Management for Development Journal, 7(1), 84-108.

Klerkx, L., Schut, M., Leeuwis, C., & Kilelu, C. (2012). Advances in knowledge brokering in the agricultural sector: Towards innovation system facilitation. IDS Bulletin,
43(5), 53-60.

Klerkx, L., Van Mierlo, B., & Leeuwis, C. (2012). Evolution of systems approaches to agricultural innovation: Concepts, analysis and interventions. In I. Darnhofer,
D. Gibbon, & B. Dedieu (Eds.), Farming systems research into the 21st century: The new dynamic (pp. 457-483). Dordrecht, The Netherlands: Springer.

Kristjanson, P., Harvey, B., Van Epp, M., & Thornton, P. K. (2014). Social learning and sustainable development. Nature Climate Change, 4(1), 5-7.

Lipper, L., Thornton, P., Campbell, B. M., Baedeker, T., Braimoh, A., Bwalya, M., et al. (2014). Climate-smart agriculture for food security. Nature Climate Change, 4(12),
1068-1072.

Longley, A. G., & Rice, P. L. (1968). Prediction of tropospheric radio transmission over irregular terrain, A computer method-1968. ESSA Tech. Rep. ERL 79-ITS 67.
Washington, DC: U.S. Government Printing Office. July 1968.

Low, J., Ball, A., van Jaarsveld, P. J., Namutebi, A., Faber, M., et al. (2015). Assessing nutritional value and changing behaviours regarding orange-fleshed sweetpotato
use in Sub-Saharan Africa. In J. Low, M. Nyongesa, S. Quinn, & M. Parker (Eds.), Potato and sweetpotato in Africa: Transforming the value chains for food and nutrition
security (pp. 551-579). Wallingford, UK: CAB International.

14



H.E. Hudson et al. Telecommunications Policy xxx (2017) 1-15

Low, J., Kinyae, P., Gichuki, S., Oyunga, M. A., Hagenimana, V., & Kabira, J. (1997). Combating vitamin A deficiency through the use of sweetpotato. Lima. Peru: Inter-
national Potato Center.

Manyozo, L. (2009). Mobilizing rural and community radio in Africa. Ecquid Novi: African Journalism Studies, 30(1), 1-23.

McAnany, E. (2012). Saving the world: A brief history of communication for development and social change. Champaign, IL: University of Illinois Press.

Meera, S. N., Balaji, V., Muthuraman, P., Sailaja, B., & Dixit, S. (2012). Changing roles of agricultural extension: Harnessing information and communication technology
(ICT) for adapting to stresses envisaged under climate change. In B. Venkateswarlu, A. K. Shanker, C. Shanker, & M. Maheswari (Eds.), Crop stress and its Man-
agement: Perspectives and strategies (pp. 585-605). Amsterdam: Springer.

Mudege, N. N., Mayanja, S., & Muzhingi, T. (2017). Women and men farmer perceptions of economic and health benefits of orange fleshed sweet potato (OFSP) in
Phalombe and Chikwawa districts in Malawi. Food Security. http://dx.doi.org/10.1007/512571-017-0651-9.

Muhammad, L. W., Maina, I. N., Pelletier, B., & Hickey, G. M. (2016). A participatory and integrated agricultural extension approach to enhancing farm resilience
through innovation and gender equity. In L. Brownhill, E. M. Njuguna, K. L. Bothi, B. Pelletier, L. W. Muhammad, & G. M. Hickey (Eds.), Food security, gender and
resilience: Improving Smallholder and subsistence farming (pp. 17-43). London: Earthscan.

Munyua, H., Adera, E., & Jensen, M. (2009). Emerging ICTs and their potential in revitalizing small-scale agriculture in Africa. Agricultural Information Wordlwide, 2(1),
3-9.

Oyaro, N. A., & Farm Radio International. (2013). Impact of an SMS augmented participatory radio campaign (PRC) in Atanga sub-county of northern Uganda. Nokoko,
3, 133-143.

Quisumbing, A. R., Rubin, D., Manfre, C., Waithanji, E., van den Bold, M., Olney, D., et al. (2015). Gender, assets, and market-oriented agriculture: Learning from high-
value crop and livestock projects in Africa and Asia. Agriculture and Human Values, 32, 705-725.

Rogers, E. M. (2003). Diffusion of innovations, fifth edition. New York: Free Press.

Schramm, W. (1964). Mass media and national development. Stanford, CA: Stanford University Press.

Sommer, A., & West, K. P., Jr. (1996). Vitamin a Deficiency: Health, survival, and vision. New York: Oxford University Press.

Sulaiman, R., & Davis, K. (2012). The “new extensionist”: Roles, strategies, and capacities to strengthen extension and advisory services. Lindau, Switzerland: Global Forum for
Rural Advisory Services.

Telerivet. https://telerivet.com (Accessed 9 February 2017).

Thorne-Lyman, A. L., & Fawzi, W. W. (2012). Vitamin A and carotenoids during pregnancy and maternal, neonatal and infant health outcomes: A systematic reviewand
meta-analysis. Paediatric and Perinatal Epidemiology, 26(Suppl. 1), 36-54.

Tsegaye, A., & Struik, P. C. (2002). Analysis of enset (Ensete ventricosum) indigenous production methods and farm-based biodiversity in major enset-growing regions of
southern Ethiopia. Experimental Agriculture, 38, 291-315.

van Jaarsveld, P. J., Faber, M., Tanumihardjo, S. A., Nestel, P., Lombard, C. J., & Spinnler Benade, A. J. (2005). p-carotene-rich orange-fleshed sweet potato improves the
vitamin A status of primary school children assessed with the modified-relative-dose-response test. American Journal of Clinical Nutrition, 81, 1080-1087.

Votomobile. www.votomobile.org. (Accessed 9 February 2017).

Waverman, L. (2005). Africa: The impact of mobile phones. Vodafone Policy Paper Series. Number 2, March.

WHO. (2009). Global prevalence of vitamin A deficiency in populations at risk 1995-2005. WHO global database on vitamin a deficiency. Geneva: World Health Organization.

World Bank. (2016). Digital dividends. World bank development report. Washington, DC: World Bank.

World Bank, FAO, & IFAD. (2009). Gender in agriculture sourcebook. Washington, DC: World Bank.

Yanggen, D., & Nagujja, S. (2006). The use of orange-fleshed sweet potato to combat Vitamin A deficiency in Uganda. A study of varietal preferences, extension strategies and
post-harvest utilization. Lima. Peru: International Potato Center (CIP).

Zanello, G., Fu, X., Mohnen, P., & Ventresca, M. (2016). The creation and diffusion of innovation in developing countries: A systematic literature review. Journal of
Economic Surveys, 30(5), 884-912.

15



	Using radio and interactive ICTs to improve food security among smallholder farmers in Sub-Saharan Africa
	1. Introduction
	2. The challenge of food insecurity in Sub-Saharan Africa
	3. Facilitating innovation among smallholder farmers
	4. Radio for development and ICT4D
	5. FRI's participatory radio approach
	6. Enhancing participation through interactive ICTs
	7. Mapping audience coverage and reach
	8. Interactive farm radio services project in East Africa
	8.1. Project overview
	8.2. Research methodology.
	8.3. Research findings

	9. Reducing vitamin A deficiency with orange fleshed sweet potato
	9.1. Research methodology
	9.2. Research findings

	10. Conclusions
	Acknowledgments
	References


