
Paying for Digital Information: Assessing Farmers’
Willingness to Pay for a Digital Agriculture
and Nutrition Service in Ghana
melissa hidrobo, giordano palloni, and daniel o. gilligan

International Food Policy Research Institute

jenny c. aker

Tufts University

natasha ledlie

Results for Development

I. Introduction
With the widespread growth of mobile phone coverage and adoption in develop-
ing countries, reductions in the cost of providing and utilizing information and
communication technology (ICT) services have been substantial. This, coupled
with studies showing the impact of ICTs on development outcomes, has gener-
ated considerable enthusiasm over the use of ICTs as a means of overcoming in-
formation constraints (Aker, Ghosh, andBurrell 2016). As a result, the number of
public and private sector ICT for development (ICT4D) initiatives has increased
substantially over the past decade, especially in the agriculture and health sectors,
where previous research has suggested that there are potentially large private and
social returns to overcoming information-related constraints ( Jensen 2007;
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Dupas 2011; Cui et al. 2018). Despite their promise, many ICT initiatives fail
to scale up (World Bank 2016). To be financially sustainable, many initiatives
have introduced fee-based subscription models; however, take-up of these fee-
based models is low (Fabregas, Kremer, and Schilbach 2019). Understanding
the demand for digital information services is thus important for creating sustain-
able ICT4D models.

In theory, individuals should invest in obtaining information if the expected
benefits from that information outweigh the costs. As a result, the observed
low take-up of agricultural and health information services—even at moderate
prices—could simply be explained by low expected returns. If beliefs are accurate,
this equilibrium (low) level of demand is optimal. Alternatively, demand for in-
formation could be suboptimal if the expected returns to information are high
but individuals underestimate the expected benefits or do not trust the informa-
tion, if they are credit constrained, or if they have time-inconsistent preferences.
These possible explanations are often used as motivation for offering price subsi-
dies for new products in general and for digital services more specifically. In con-
trast with traditional health and agricultural products, digital information services
also have quasi-public good properties, as they can be nonrival and nonexcludable
(Fabregas, Kremer, and Schilbach 2019). For ICTsuppliers, thismay be especially
threatening to sustainability, as information service provision typically requires
both incurring up-front costs and maintaining ongoing investment.

An optimal model for financing ICT4D initiatives requires detailed informa-
tion about potential users’ initial price sensitivity as well as the short- and longer-
term relationships between willingness to pay (WTP) and use of the ICTservice.
This paper explores the demand for one digital service, the Vodafone Farmers’
Club (VFC), a nutrition-sensitive agricultural information service in Ghana. Us-
ing the Becker-DeGroot-Marschak (BDM)method (Berry, Fischer, andGuiteras
2020) to elicit WTP, we explore how gender and framing affect WTP and im-
plied demand. We randomly select an adult male or female from each household
and assign them to receive either an agriculture-focused or an agriculture and
nutrition–focused marketing script. Using administrative data on active use of
the service, we also investigate whether initial WTP predicts later service use.

Overall, our results suggest that individuals’ demand for the service is high at
low prices. At the monthly subscription price of 0.5 Ghanaian cedis (GHC; US
$0.10), 95% of individuals would be willing to register for the VFC. However,
this drops markedly as the price increases: at GHC 1.0, 85% would register
for the service; at GHC 2.0, 53% would register; while at GHC 3.0, only
20% would register. Emphasizing the nutritional content of the service leads
to a small increase in WTP, and women have significantly lower WTP than men
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at all prices above GHC 1, with differences concentrated in the Central Region.
Using the post–double selection (PDS) lasso method (Belloni, Chernozhukov,
andHansen 2014) to select controls and interaction terms, we find that the neg-
ative gender gap in WTP in the Central Region is concentrated among women
who live closer to markets, trust short message service (SMS) messages on nutri-
tion,met with a community health worker in the previousmonth, and have some
schooling. These women are more likely to have alternative sources of nutrition,
health, and agriculture information. Last, we find an initial positive relationship
betweenWTP and subsequent use of the service, but this relationship fades over
time.

This paper contributes to fourmain strands of literature. First, it contributes to
literature on the use of digital technology in agriculture and health services in
developing countries. Studies on digital agriculture initiatives suggest that such
services can increase farmers’ knowledge in particular areas but have mixed im-
pacts on other outcomes, such as practices, yields, and incomes (for reviews, see
Nakasone, Torero, and Minten 2014; Aker, Ghosh, and Burrell 2016; Fabregas,
Kremer, and Schilbach 2019). In the area of health, digital technology services are
associated with improvements in disease self-management and treatment compli-
ance (Barnett et al. 2016; Stephani, Opoku, and Quentin 2016), reductions in
risky health behaviors (Barnett et al. 2016), and improved breastfeeding practices
(Flax et al. 2014; Jiang et al. 2014; Lee et al. 2016). While focusing on impacts,
few of these studies in agriculture or health assess individuals’ WTP or estimate
the price sensitivity of demand, which are crucial for understanding the commer-
cial viability or sustainability of ICT4D initiatives. One exception is Cole and
Fernando (2021), who find that farmers in India have a low WTP for a mobile
phone agriculture information service even though it leads to productivity gains.

More broadly, the paper speaks to the technology adoption literature, especially
for technologies that may generate positive externalities (Miguel and Kremer
2004; Dupas 2011; Bryan, Chowdhury, andMobarak 2014; Cole and Fernando
2021). The nonrival and nonexcludable nature of information means that others
may benefit from the ICT technology, making it more difficult for these technol-
ogies to be financially sustainable. For example, Cole and Fernando (2021) find
information spillovers to nonstudy respondents from their ICT agriculture ser-
vice, which may be one reason why farmers in their study were not willing to
pay the full price of the ICT agriculture service even though the benefits out-
weighed the costs. Respondents in our sample are overwhelmingly willing to
pay the subscription cost of GHC 0.50 for the agriculture and nutrition informa-
tion when first introduced to the VFC service. However, the subscription cost
reflects only the variable cost of providing the information and not the fixed costs.



1370 E C O N O M I C D E V E L O P M E N T A N D C U L T U R A L C H A N G E
For the service to be financially sustainable at a low subscription price, the pro-
vider would need to either charge a higher price to cover the fixed cost, excluding
farmers who were willing to pay only the cost of distribution, or obtain a larger
share of subscribers for an extended period of time.

We also contribute to a growing literature that relates WTP to the subsequent
use of products (Kremer and Holla 2009; Ashraf, Berry, and Shapiro 2010;
Dupas 2014a, 2014b, 2014c; Cohen, Dupas, and Schaner 2015; Berry, Fischer,
andGuiteras 2020). Charging higher prices could improvemarkets by improving
the sustainability of existing providers, encouraging new suppliers to enter the
market, or targeting goods to those individuals and households most likely to
use them. Conversely, higher prices may prevent credit constrained or especially
poor individuals from getting access to the product, even if it generates a high ex-
pected return. Knowledge of these relationships—key for determiningwhether to
offer subsidies, which users to subsidize, and how much subsidy to provide for
products and services—is largely absent from the existing literature on ICTs.

Last, this paper provides evidence on the existence of gender gaps in agricultural
production. Many studies show that plots controlled by men have higher yields
than plots controlled by women and attribute the gender gap in production to dif-
ferences in access to inputs, resources, and services (Udry 1996; Croppenstedt,
Goldstein, and Rosas 2013). The differences in access are often explained by dif-
ferences in social norms, property rights, and financial and human capital. How-
ever, few studies examine differences in preferences. An exception is Kramer and
Lambrecht (2019), who examine individual preferences across farming and non-
farming activities inGhana and find that women investmore in nonfarm businesses
than men. Our paper adds to this literature by showing that women’s demand for a
nutrition-sensitive agriculture ICTservice is lower thanmen’s atmost positive prices,
highlighting the importance of explicitly considering gender when exploring the
screening effects of charging higher prices for access to information.

The remainder of the paper proceeds as follows. Section II introduces the con-
text, ICT intervention being studied, and experimental design. Section III dis-
cusses the data and presents baseline summary statistics. Section IV details the
empirical strategy. Section V presents the empirical results. Section VI discusses
potential reasons for the gender gap in WTP in the Central Region. Finally, sec-
tion VII discusses potential threats to our identification strategy, and section VIII
concludes.

II. Research Context and Experimental Design
A. Context
The study takes place in the UpperWest and Central regions of Ghana, a lower-
middle-income country whose gross domestic product (GDP) per capita has
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risen from just over US$263 in 2000 toUS$1,517 in 2016 (in 2018US dollars).
Agriculture contributes 19% of GDP and accounts for 45% of total national em-
ployment (World Bank 2018), with yams, cassava, and cocoa beans representing
the threemost important crops in terms of production value (FAO2015).While
some indicators of malnutrition have decreased substantially over the past de-
cade, undernutrition remains a problem, with 18.8% of children under age 5
stunted and 42.4% of women suffering from anemia (GSS, GHS, and ICF In-
ternational 2015). Across the two study regions, there are large socioeconomic
differences, with the Upper West Region being poorer, less literate, and having
lower quality diets but being more engaged in agriculture than the Central Re-
gion (Barnett et al. 2019). While maize is grown in both regions, cocoa and cas-
sava are grown in the Central Region and groundnut in the UpperWest Region.
Cocoa is Ghana’s most important export commodity and operates under a con-
trolled marketing system (World Bank 2017).

Government extension agents are an important traditional source of agricul-
tural information, but the ratio of farmers to extension agents is high, estimated
at one agent for every 2,000–3,000 farmers, and actual reach is low as a result of
poor road conditions, inadequate funding, and low levels of access to transpor-
tation (McNamara et al. 2012). Nutrition has not been a central outcome of tra-
ditional agricultural extension in Ghana, which also has limited capacity for
reaching remote areas and female farmers. Access to nutrition information via
formal health services is also low inGhana. The latest available figures reveal that
the number of community health workers per 1,000 individuals was just 0.19 in
2008 (World Bank 2018). In 2015, Ghana launched the Ghana Community
Health Worker Programme, aimed to achieve universal health coverage by scal-
ing up the number of community health workers, with a goal of 500 individuals
to one community health worker (Government of Ghana 2014).

For mobile phones to be a viable platform to reach farmers, a necessary pre-
condition is access to mobile phones. Mobile penetration in Ghana has risen
dramatically in the past 10 years; according to the Ghana Living and Standards
Survey (GLSS round 6), mobile phone penetration in 2013 was 80%, with
70% of rural households and 88% of urban households reporting that they
owned a phone (GLSS 2014). However, access to mobile phones in Ghana var-
ies dramatically by region, socioeconomic status, and gender. According to our
baseline survey, only 46.8% of females owned a phone (57% in the Central Re-
gion and 37% in the Upper West Region) compared with 79.6% of males
(86% in the Central Region and 74% in the Upper West Region; Billings et al.
2018). While males and females are equally likely to think that agricultural and
nutrition information received via text messages is useful (63.2% and 57.5%, re-
spectively), there are important regional differences, with farmers in the Central
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Region being more likely to report that agriculture- and nutrition-focused text
messages are potentially useful.

B. Vodafone Farmers’ Club (VFC)
The VFC service was a mobile agricultural extension service offering agricultural
and nutrition information via voice and SMS to farmers inGhana. The objective
of Vodafone’s VFC service was to create and scale commercially sustainable mo-
bile services that enable smallholder farmers to improve their household’s nutri-
tional status and increase their productivity. Vodafone began offering the VFC
service in May 2015. Smallholder farmers were the primary target for VFC en-
rolment. The service initially operated in 71 districts of Ghana, which were se-
lected on the basis of network access and crop cultivation patterns to ensure that
farmers could receive messages and that content would be relevant to their loca-
tion and crop choices.

The service package offered to VFC members consisted of a number of com-
ponents, including weather information (three SMSmessages per week on local
weather information), market price information (one SMSmessage per week for
a selected crop and market), agricultural and nutrition tips (one to two recorded
voice messages per week with agricultural and nutrition tips), and free access to a
call center staffed by agricultural experts. All of the SMS messages were in En-
glish, whereas the recorded voice messages were in English or in a local language
selected by the VFCmember. Overall, individuals received four SMS and one to
two voice messages per week for a total of 16 SMS and six voice messages per
month.1 The service also allowed for free calls and SMS with other VFC mem-
bers (all of whom are on the Vodafone network) as well as discounted SMS and
voice to non-VFC members within the Vodafone network. As a result, the ser-
vice was a bundled intervention that provided digital agricultural and nutrition
information as well as discounted telecommunication services.

The content for the VFC service was provided by Esoko, a digital agricultural
information service that has operated in Ghana for over 10 years. The agricul-
tural content included information on planting, cultivation, and harvesting tips
for particular crops. The nutrition content included crop-specific information
on food preparation, food hygiene, safety and storage, and processing in addition
to nutritional information on animal source foods.

The VFC service offered customized information to farmers based on their
self-identified preferences. Each new member was profiled by calling the farmer
helpline and indicating their preferred location for weather and market price
information, their preferred language, and their preferred crop. Until profiling
1 Three agriculture farming tips and three nutrition messages are sent via voice message every month.
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was completed, new members were given default profile options based on their
district of residence, receiving agriculture and nutrition tips on the crops most
widely grown in that district.2

The VFC service was available through a dedicatedVodafone subscriber iden-
tity module (SIM) card.While the initial subscription fee was GHC 2 (US$ 0.45)
per month, from October 2016 to May 2017, the monthly fee was eliminated
to increase take-up of the service. In June 2017, the monthly service fee was
reinstated at GHC 0.5. This final subscription price reflected only the variable
cost in providing the service and not the fixed costs, which included product de-
velopment, marketing, and administrative expenses (Scott and Batchelor 2020).
In December 2018, the VFC service was suspended, and plans to replace the
service with a new revamped service are underway.

C. Marketing Interventions and Experimental Design
At the start of the study, subscriptions to VFC in our intervention area were un-
common, and many individuals had not heard about the service or the price at
which it was offered. To encourage adoption of the VFC service, a marketing in-
tervention was delivered to study households. The marketing intervention con-
sisted of door-to-door promotion of the VFC service, with one of two different
marketing scripts being read to a targeted individual in the household. House-
holds were randomly assigned to receive either the standard VFC script, which
emphasized the potential benefits of the VFC agriculture information (agricul-
ture script), or the standard script with additional information on the potential
benefits of the nutrition information (agriculture 1 nutrition script; app. A;
apps. A–D are available online). The individual targeted for the intervention
was also randomly selected as either the primary adult male or primary adult fe-
male in the household.

Randomization occurred at the household level, stratified first at the region
level and then within each region stratified by two-person and female-only house-
holds.3 Households with two adults were randomly assigned to either the default
agriculture marketing script or the agriculture1 nutrition marketing script, and
either the primary male or the primary female was randomly selected to receive
the marketing script and participate in the WTP exercise. Households with only
a primary female were randomly assigned to the agriculture script or the agri-
culture 1 nutrition script. The marketing interventions were part of a larger
2 In general circumstances without the additional assistance provided to treatment farmers in the
study and described below, very few farmers call the farmer helpline for profiling.
3 Adult male-only households were excluded from the broader study because the primary outcome
for the overall evaluation was women’s dietary diversity.
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randomized control trial to estimate the impact of the VFC service on agriculture
and nutrition outcomes (Billings et al. 2018).

D. Measuring WTP
To assess potential demand for the digital agriculture platform, we designed a
WTP experiment based on the BDM method (Berry, Fischer, and Guiteras
2020). The WTP experiment was conducted in treatment households at the
end of the baseline household questionnaire. Targeted individuals were intro-
duced to the VFC service through one of the marketing scripts described above
and informed that they may have the chance to register for the service but that
the monthly price and whether they were offered the service would be deter-
mined through a game.4

After the scripts were read, we measured WTP and registered users using a
two-step process (for details, see app. B). In the first step, we elicited the respon-
dents’WTP for the initial VFC registration (equal to a month’s subscription) fol-
lowing the method used in Berry, Fischer, and Guiteras (2020). The targeted in-
dividual was asked how much they were willing to pay for the VFC service and
told that once the bidwasfinalized, theywould not be able to change the amount.
We also explained that the bid amount had to be paid on that day and that if the
drawn price was greater than their bid price, then they would not be able to pur-
chase the subscription. After the respondent’s bid was recorded, a random price
was drawn by the targeted individual using buttons in a cup that represented dif-
ferent prices between GHC 0.2 and GHC 3. If the individual’s bid was greater
than or equal to the price drawn, they were offered the product at the randomly
drawn price. If the individual’s bid was below the price drawn, they were not of-
fered the product. For expected utility maximizers, the optimal strategy is to bid
their true valuation for the good. To ensure that the targeted individual under-
stood the exercise, all respondents first practiced the BDM method on a bar of
soap before playing for the VFC service.

In the second stage, regardless of the outcome of the first stage, the targeted
individual was offered an additional discount and another opportunity to register
for the VFC. The targeted individual was not informed about the second stage
until after they had completed the first-stage procedure. The second-stage price
discount was introduced as being relative to the randomly drawn first-stage price
if they won the BDM game and relative to their bid if they lost the BDM game.
To implement the second stage, the individual selected a button from the cup,
which now contained buttons labeled with the letters A–D. The enumerator en-
tered the letter from the selected button into a tablet, and the final price was
4 Respondents were informed that the monthly price would be between GHC 0 and GHC 3.
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revealed. In practice, the second-stage price was drawn from a degenerate distri-
bution where the only possible price was zero. The two stages were necessary to
first elicit the targeted individual’s WTP and then to offer the product for free to
all individuals in the treatment group.
E. Registering and Activating the Service
Individuals who agreed to participate in the VFC service were registered and
profiled by enumerators. Registration required either migrating the existing
Vodafone phone number of the respondent to VFC or providing the respon-
dent with a new VFC SIM card. When possible, enumerators competed the
registration in the respondent’s home. Respondents were instructed to check
the registration status of their SIM regularly and activate their SIM after it was
registered by checking their balance, sending a text message, or making a call.
In addition, enumerators collected all the information necessary to profile the
respondents’ language preference, preferred location, preferred markets, and a
priority crop for which they would like to receive agricultural tips. The enu-
meration team used this information to profile the registered individuals.

To increase the likelihood that treatment households activated their VFC sub-
scription, enumerators were sent back to revisit all surveyed households in treat-
ment enumeration areas (EAs) between July and August 2017, 2–5months after
the initial survey. The household member initially targeted for the WTP game
was located and asked a series of questions about whether they had activated their
VFCmembership; if not, why; and how they had interactedwith the program (if
they had activated their VFC registration). Study participants who had not ini-
tially registered or activated their VFC membership were assisted through the
registration and activation process.
III. Data
A. Data Sources
We rely on three primary data sets for our analysis: (1) baseline household-
level data, (2) Vodafone administrative data, and (3) Esoko administrative voice
call data.

1. Household Data

The baseline household-level survey was conducted between March and May
2017 and includes the WTP exercise in addition to modules that collected in-
formation on demographic characteristics, agricultural production, farming
and nutrition knowledge, food security, women’s empowerment, and mobile
phone usage. In two-person households, a primary male and a primary female
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were selected,5 and modules on mobile phone usage, market access, and farm-
ing and nutrition knowledge were asked separately to both the primary male
and the primary female. At the end of the baseline survey the randomly selected
primary male or female was asked to participate in the WTP exercise.

The baseline data was collected in five districts in the Upper West and five
districts in the Central Region of Ghana. The districts were selected on the basis
of (1) availability of Esoko market price information for crops and (2) low VFC
subscription rates. In each selected district, 20–21 EAs were randomly selected
from a list of EAs within a 10-mile radius of a Vodafone cell phone tower. A total
of 207 EAs (104 in the treatment arm and 103 in the control arm) are part of the
broader study. In this paper, we use data from the 104 treatment EAs where the
WTP exercise was conducted. In each EA, 19 or 20 households were randomly
sampled. The inclusion criteria into the sample were that householdsmust (1) be
a farming household, (2) own a mobile phone, (3) not be a current member of
VFC, and (4) have at least one female member age 15–60. To identify eligible
households, a community listing exercise was conducted in selected EAs prior
to the baseline survey (see Billings et al. 2018).

We focus our analysis on two-person households in treatment EAs that had an
eligible primarymale and female respondent. These households qualified for both
the framing and the targeting interventions.Of the 1,979 households in the treat-
ment EAs, 1,703 households were two-person households. Of these, 86 house-
holds did not consent to receive additional information on VFC and therefore
did not participate in the WTP exercise. An additional nine households partici-
pated in the first stage of the WTP exercise but were unwilling to participate in
the second stage.6 The final sample included in the analysis consists of the
1,608 two-person households that completed the two-stage WTP exercise.

Each respondent’s bid for access to the service in the first stage of the WTP
exercise is our measure of WTP. Bids ranged from GHC 0 to GHC 100, with
91% equal to or below 3 GHC. To reduce the impact of large outliers, we
winsorize the top 5% of the distribution, which yields a WTP outcome that
ranges from GHC 0 to GHC 5. Results are also robust to winsorizing at the
1% level (results available on request).
5 If the household head was male, he was designated as the primary male. If he was married, his
first-order wife was the primary female. If unmarried, an adult female member who participated
in decision-making around farming and household expenditure was identified as the primary female.
If the household head was female, she was designated as the primary female. If she was married, her
husband was identified as the primary male. If unmarried, an adult male who also participated in
decision making around farming and housing expenditure was selected as the primary male.
6 The first row of table 1 reveals that approximately 6% of two-person households did not finish the
WTP exercise, but this was not significantly different across treatment arms (either male vs. female or
agriculture vs. agriculture 1 nutrition).
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2. Vodafone Administrative Data

The second data set is Vodafone’s administrative data, which identify whether
study participants are activated or on the VFC service in June 2017, September
2017, and each month fromDecember 2017 through April 2018.7We create in-
dicators for each month that are equal to 1 if a respondent had activated their
VFC SIM and was still on the service. In order to be on the VFC service in June
2017, respondents had to incur the additional time and effort cost to activate their
SIMs after SIMs had been registered by agents during the baseline survey by
checking their balance, making a phone call, or sending an SMS. As mentioned
above, we conducted a follow-up visit during whichwe assisted study participants
who had not activated their SIM card to do so in July and August 2017. The Sep-
tember 2017 rates thus also reflect the extra assistance received from enumerators
to activate the VFC service during the follow-up visit, which led to almost uni-
versal SIM activation rates. Changes in VFC service registration after September
2017 are largely the result of deactivations from respondents who no longer want
to be part of the service. As seen in figure 1, the activation rate, or the share of
respondents on the service, increases to around 90% after the follow-up survey
in September 2017 and then declines to roughly 40% by April 2018.

3. Esoko Administrative Data

The third data set contains administrative data from Esoko Ghana. These data
contain information on the outcome of each attempt to send a recorded voice
message to the SIMs of study participants. Eachmonth, Esoko attempted to send
four to six unique messages with either agriculture or nutrition tips. Multiple at-
tempts were made to send the same voice message if the targeted SIM card was
not successfully reached on the first attempt. The status of each attempt was re-
corded by Esoko as a hang-up, answered, no answer, voice mail, or disconnected.
We have complete data on voice messages starting December 2017, and thus we
generate a variable with the share of unique voice calls that were answered by
each study participant for each month from December 2017 through April
2018.8We view this as a goodmeasure of the true dissemination of the informa-
tion in the voice messages. Themedian voice call was 35 seconds long, and some
were over a minute in length; listening to a full message and being exposed to the
information content of the call thus required incurring a nontrivial time cost. As
seen in figure 1, the share of voice messages listened to is low in December 2017
(at around 12%) and remains low throughout the study period.
7 Informed consent to access information on phone usage from mobile network was obtained during
the baseline data collection.
8 We assume that missing SIMs from Esoko data means that the SIM was not activated and receiving
messages. Thus, we code missing SIMs as zeros.
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B. Summary Statistics
Table 1 displays baseline summary statistics by treatment status and displays
two measures of balance for each of the subrandomizations: the p-value from a t-
test of the null hypothesis that there is no difference in means between the two
groups as well as the normalized difference.9 Overall, the randomizationwas suc-
cessful in creating comparable groups. For the marketing subrandomization, the
normalized differences are small in magnitude: none are above 0.10 in absolute
value, well below the 0.25 threshold suggested by Rubin (2006) as being indic-
ative of imbalance. We also reject the null of no difference for only one of the
20 characteristics tested: on average, households in the agriculture script have
a larger household size (5.68) than those in the agriculture 1 nutrition script
(5.45).

Male and female targeted households are also well balanced with respect to
household-level characteristics: none of the eight household-level variables
have a normalized difference above 0.10, and only two of the primary male
and female characteristics have a normalized difference above 0.10. We also
Figure 1. Share of farmers on VFC service and share of voice calls answered. Plotted are the share of sample re-
spondents who were registered for the VFC service in the months between June 2017 and April 2018, based on
administrative data from the service provider, and the share of unique voice calls that were answered and listened
to on the registered mobile phone in the months between December 2017 and April 2018.
9 Normalized differences offer a metric that is sample size and scale free, and we therefore use them as
our primary measure of balance along with the rule of thumb that normalized differences below 0.25
in absolute value are indicative of good balance (Imbens and Wooldridge 2009). The normalized dif-
ference for characteristic x is defined as Dx 5
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reject the null of no difference for only two primarymale and female variables—
the nutrition knowledge score of the primary male and the farming knowledge
score of the primary female—yet this is roughly what we should expect to see by
chance when we hold gender constant. Treatment arms are also well balanced
within regions, with all normalized differences below 0.25 (see tables C1 and C2;
tables C1–C9 are available online).

Progress out of poverty index (PPI) scores—which provide a method for
mapping 10 household characteristics to the probability that households fall
below different national or international poverty lines—indicate that around
19% of sample households are below 150% of the national poverty line in
Ghana, and 3% are living on less than US$2.00 per day in 2005 US dollars.
Households cultivate, on average, three crops and have an average dietary di-
versity score (count of the number of food groups they consumed from in the
day preceding the survey) of 5.9 out of a possible 12. Approximately 42% of
households have a Vodafone SIM at baseline. EAs are 34 minutes from a mar-
ket, and around 74% have strong Vodafone network coverage.

There are some important differences between primarymales and females in
our study sample. Literacy rates and education levels are lower for females than
for males: 41.2% of males are literate and 57.9% have some formal education
as compared with just 19.4% of females who are literate and 41.9% with some
formal education. On average, female respondents answered 61% of the nutri-
tion knowledge and 54% of the farming knowledge questions included in the
baseline survey correctly; male respondents answered 56% of the nutrition and
58% of the farming questions correctly. Assets and mobile phone ownership
and access also differ importantly by gender: the share of assets solely owned
by the primary male is around 68% and only 15% for the primary female;
42% of females report owning and 84% report having access to a mobile phone
as compared with 82% ownership and 93% access to mobile phones among
males.

IV. Empirical Strategy
We begin by plotting the inverse demand for the VFC service at all prices be-
tween GHC 0 and GHC 3. The inverse demand at price p is calculated as the
share of individuals i from household h and region r with WTPihr ≥ p, or the
share of individuals who would be willing to register for the VFC service at
price p. We plot the inverse demand curve for all individuals who participated
in the WTP exercise and then disaggregate by treatment status, separately dis-
playing the inverse demand for the different marketing scripts and gender tar-
geting subtreatments. We do not adjust the demand curve for any baseline co-
variates. We also plot the difference in demand across the two subtreatment
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arms on the basis of the gender of the targeted individual and the marketing
script, along with the 95% confidence interval from tests of whether the differ-
ence is equal to zero. Given the observable differences between the two study
regions in terms of farming practices, diets, and access to mobile phones and to
the Vodafone service, we disaggregate impacts by region.

In addition to plotting inverse demand curves, we estimate the following
specification to explore the impacts of the marketing scripts and gender target-
ing on WTP for the VFC service, controlling for household characteristics:

WTPihr 5 a 1 X 0
ihrb 1 dnutritionhr 1 gfemalehr 1 Cr 1 uihr , (1)

where WTPihr is the WTP of individual i from household h and region r, mea-
sured as their stated bid in the BDM exercise; Xihr is a vector of baseline house-
hold characteristics; nutritionhr is an indicator for whether the respondent re-
ceived the agriculture 1 nutrition marketing script; femalehr is an indicator
for whether the female was targeted within the household; and Cr is a stratifi-
cation indicator for whether the household was in the Central Region. Because
of random assignment, we can interpret d as the causal effect of adding the nu-
trition description on WTP, and g captures the differential valuation of the
VFC service for females relative to males. Included in the vector of baseline
characteristics in the main analyses are household- and EA-level controls, such
as household size, number of children younger than age 5, the PPI score, nor-
malized value of the total asset index,10 the log value of agriculture production,
the household dietary diversity score, an indicator for whether the household
had a Vodafone SIM, an assessment of the strength of Vodafone coverage in the
EA, and indicators for whether the EA falls into each of the first three quartiles
for distance to the nearest market (with the quartile including the most remote
EAs left as the omitted category). In some specifications, we also include an
interaction between whether the targeted respondent was female and whether
the household was randomly assigned to receive the nutrition script; the point
estimate on this interaction captures whether female respondents differentially
value the additional nutrition information. We estimate equation (1) for the
full analysis sample and separately by region, and we correct standard errors
for heteroskedasticity.

Last, we use the Vodafone and Esoko administrative data to investigate
whether there are screening effects. Testing for screening effects allows us to
assess whether the individuals whowould select into participating in the service
at different positive prices would also be differentially likely to use the service.
10 The normalized asset index was created by demeaning each total index score by the mean score in
the sample and scaling by the standard deviation.
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This involves estimating the following specification:

useihr 5 a 1 X 0
ihrb 1 dnutritionhr 1 gfemalehr 1 Cr 1 vWTPihr 1 uihr , (2)

where useihr is a measure of the degree of VFC use—either an indicator for be-
ing an active VFC member or the share of voice calls answered. WTPihr is the
individual’s WTP as measured during the baseline survey, and the other vari-
ables are as described above. As WTP is not randomly assigned, estimates of
v include the impact of any unobserved or imperfectly measured determinants
of WTP that also influence subsequent use.

V. Results
A. Inverse Demand for VFC
Figure 2 displays the unadjusted inverse demand curve at all monthly prices
between GHC 0 and GHC 3. The median monthly price that individuals
are willing to pay for the service is GHC 2.0. This is approximately equal to
the initial monthly subscription price VFC charged for the service, even though
only a quarter of individuals had heard of the program prior to the survey. Un-
surprisingly, the share of individuals who are willing to pay at least as much
as price p for the service decreases with price, with considerable bunching at
Figure 2. Inverse demand curve for VFC service. Plotted are the share of sample respondents who would be willing
to register for the VFC at prices between GHC 0 and GHC 3. At each price, respondents are categorized as being
willing to register for the VFC if their WTP elicited through the BDM exercise is greater than or equal to the price
being considered. Dashed line shows the monthly market price of the VFC.
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intervals ofGHC0.5. AtGHC1.0, the share of individuals willing to pay for the
service is 85%, whereas at GHC 3.0, the share is just 20%.11 After GHC 3.0,
demand drops dramatically. At the monthly subscription price of GHC 0.5,
95% of individuals report that they would be willing to pay for the VFC ser-
vice, a sharply higher figure than the 50% who reported being willing to par-
ticipate at the initial market price charged by Vodafone (GHC 2).

Figures 3 and 4 explore whether there are differences inWTP by marketing
and gender. On average, there are no differences in WTP by marketing script:
the inverse demand curves for the two groups closely track one another, espe-
cially at lower prices (fig. 3a), and we never reject that the difference in demand
between the two is equal to zero (fig. 3b). There are obvious gaps in WTP by
gender. At prices between GHC 0 and GHC 1, a similar share of male and fe-
male respondents would be willing to participate in the VFC service; however,
at prices above GHC 1, the inverse demand curve for males lies above the in-
verse demand curve for females (fig. 4a), and the gap is statistically significant
throughout the GHC 1–3 price range (fig. 4b).

To explore differences inWTP by region, we plot the sex-region-specific in-
verse demand curves (fig. 5a). Demand for the VFC service for females and
males in the Upper West Region and males in the Central Region are nearly
indistinguishable. Demand for females in the Central Region drops substan-
tially more at GHC 1 than it does for the other three groups, and it remains
visibly lower at all prices above GHC 1. Consistent with figure 5a, the Central
Region shows a larger female-male gap in demand than the pooled results, with
a statistically significant difference in demand at all prices aboveGHC1 (fig. 5b).
The point estimates in the Central Region indicate that implied demand for VFC
among male respondents is roughly 10 percentage points higher than among
female respondents at prices in the GHC 1–3 range. In contrast, there is no sig-
nificant female-male difference in demand at any price in theUpperWest Region,
and the point estimates are always small (<0.05) in magnitude (fig. 5c).

We next plot the script-region-specific inverse demand curves (fig. 6a). De-
mand for the VFC service with the agriculture1 nutrition script is very similar
across the Upper West and Central regions, but there are large differences
across regions for the agriculture script: respondents in the Upper West Region
allocated to the agriculture script arm have higher WTP compared with their
counterparts in the Central Region. In the Central Region, the difference in
demand across scripts is large and significant; between GHC 1 and GHC 3,
the share of farmers who would purchase the VFC service for the agriculture 1
11 The inverse demand curve is plotted until a price of GHC 3, the highest price that could be drawn
by the farmer.
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nutrition script is approximately 7 percentage points higher than the share pur-
chasing for the agriculture script, and the difference is significant at the 95%
level between GHC 2 and GHC 3 (fig. 6b). In contrast, there is no significant
difference in demand across scripts at any price in theUpperWest Region (fig. 6c).
This suggests that either respondents in this region are not willing to pay any
Figure 4.WTP and respondent gender. a, Inverse demand for the VFC service by gender. b, Difference in share pur-
chasing by gender. In a, the graph plots the share of sample households that would be willing to register for the VFC
at prices between GHC 0 and GHC 3 separately by whether they were randomly assigned to the female-targeted
arm or the male-targeted arm. At each price, respondents are categorized as being willing to register for the VFC
if theirWTP elicited through the BDMexercise is greater than or equal to the price being considered. Vertical dashed
line shows the current monthly market price of the VFC. In b, the graph plots the difference in the share of respon-
dents whowould bewilling to register for the VFC at each price between those in the female-targeted arm and those
in themale-targeted arm (solid line) and the 95% confidence interval from a test of whether the difference is equal to
zero. The difference and confidence interval are based on regressions of an indicator for whether the respondent
would register at each price between GHC 0.1 and GHC 3.0 (at increments of GHC 0.1) on an indicator for whether
the respondent was randomly assigned to the female-targeted arm with heteroskedasticity robust standard errors.
Figure 3. WTP and VFC framing. a, Inverse demand for the VFC service by framing treatment arm. b, Difference in
share purchasing by framing treatment arm. In a, the graph plots the share of sample respondents who would be
willing to register for VFC at prices between GHC 0 and GHC 3 separately by whether they were randomly assigned
to receive the agriculture VFC marketing script or the agriculture and nutrition VFC marketing script. At each price,
respondents are categorized as beingwilling to register for the VFC if their WTP elicited through the BDMexercise is
greater than or equal to the price being considered. Vertical dashed line shows the current monthly market price of
the VFC. In b, the graph plots the difference in the share of respondents who would be willing to register for the VFC
at each price between those in the agriculture marketing arm and those in the agriculture and nutrition marketing
arm (solid line) and the 95% confidence interval from a test of whether the difference is equal to zero. The difference
and confidence interval are based on regressions of an indicator for whether respondents would register at each
price between GHC 0.1 and GHC 3.0 (at increments of GHC 0.1) on an indicator for whether the respondent was
randomly assigned to the agriculture and nutrition marketing script with heteroskedasticity robust standard errors.
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additional amount to receive the nutrition information in the VFC program or
that the nutrition information is not a primary driver of demand.

B. WTP for VFC
Table 2 presents estimates from equation (1). Column 1 shows the estimates
for the framing and targeting interventions, controlling only for region fixed
effects, while column 2 adds the household- and EA-level control variables.
Column 3 adds an interaction between the agriculture1 nutrition marketing
script indicator and the female targeted indicator to explore whether female
respondents differentially value the nutrition information. The results in col-
umn 1 are consistent with the relationships shown in figures 2 and 3: in the
Figure 5. WTP by respondent gender and region. a, Inverse demand for VFC service by respondent gender and
region. b, Gender differences in share purchasing, Central Region. c, Gender differences in share purchasing, Upper
West Region. In a, the graph plots the share of sample households that would be willing to register for the VFC at
prices between GHC 0 and GHC 3 separately by whether they were randomly assigned to the female-targeted arm
or themale-targeted arm in the Central Region and UpperWest Region. At each price, respondents are categorized
as being willing to register for the VFC if their WTP elicited through the BDM exercise is greater than or equal to the
price being considered. Vertical dashed line shows the currentmonthlymarket price of the VFC. In b, the graph plots
the difference in the Central Region in the share of respondents who would be willing to register for the VFC at each
price between those in the female-targeted arm and those in the male-targeted arm (solid line) and the 95% confi-
dence interval from a test of whether the difference is equal to zero. In c, the graph does the equivalent for the Upper
West Region. The difference and confidence interval are based on regressions of an indicator for whether the re-
spondent would register at each price between GHC 0.1 and GHC 3.0 (at increments of GHC 0.1) on an indicator
for whether the respondent was randomly assigned to the female-targeted arm with heteroskedasticity robust stan-
dard errors.
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specification with limited controls, framing has no impact on WTP for the
VFC service, but females have significantly lower WTP. If a female household
member is randomly selected, WTP is GHC 0.17 lower, on average, a differ-
ence that is statistically significant at the 1% level. Adding control variables
(col. 2) increases themagnitude of the agriculture1 nutrition coefficient, mak-
ing it marginally statistically significant and suggesting that the nutrition mar-
keting increases WTP by GHC 0.11. The statistically significant and negative
association between the female indicator andWTP remains virtually unchanged.
In column 3, the female indicator decreases in size to20.14, while the interaction
between the female targeted indicator and the agriculture1 nutrition indicator
is small in magnitude and not statistically significant, suggesting that females
do not differentially value the VFC nutrition information. Across the last two
Figure 6.WTP by script and region. a, Inverse demand by script and region. b, Marketing differences in share pur-
chasing, Central Region. c, Marketing differences in share purchasing, Upper West Region. In a, the graph plots the
share of sample households that would be willing to register for the VFC at prices between GHC 0 and GHC 3 sep-
arately by whether they were randomly assigned to receive the agriculture VFC marketing script or the agriculture
and nutrition VFC marketing script in the Central Region and Upper West Region. At each price, respondents are
categorized as being willing to register for the VFC if their WTP elicited through the BDM exercise is greater than or
equal to the price being considered. Vertical dashed line shows the current monthly market price of the VFC. In b,
the graph plots the difference in the Central Region in the share of respondents who would be willing to register for
the VFC at each price between those in the agriculture marketing arm and those in the agriculture and nutrition
marketing arm (solid line) and the 95% confidence interval from a test of whether the difference is equal to zero.
In c, the graph does the equivalent for the Upper West Region. The difference and confidence interval are based
on regressions of an indicator for whether the respondent would register at each price between GHC 0.1 and
GHC 3.0 (at increments of GHC 0.1) on an indicator for whether the respondent was randomly assigned to the
female-targeted arm with heteroskedasticity robust standard errors.
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specifications, the only controls that also significantly predict WTP are from the
Central Region and a household’s dietary diversity score.

Table 3 presents estimates from equation (1) separately for the Upper West
(cols. 1–3) and Central regions (cols. 4–6). Differences inWTP by gender and
TABLE 2
IMPACT OF FRAMING AND TARGETING ON WTP

(1) (2) (3)

Female targeted 2.167 2.164 2.136
(.061)*** (.061)*** (.084)

Agriculture and nutrition script .083 .109 .137
(.061) (.061)* (.090)

Central Region 2.095 2.254 2.254
(.061) (.085)*** (.085)***

Household size .021 .021
(.018) (.018)

Household has child under age 5 2.061 2.062
(.062) (.062)

Total PPI score .003 .003
(.003) (.003)

Household total asset index 2.013 2.013
(.038) (.038)

Number of crops cultivated .022 .022
(.028) (.028)

Household has Vodafone SIM card 2.012 2.011
(.067) (.067)

Log total value of production 2.014 2.014
(.022) (.022)

Household dietary diversity score (1–12) .133 .133
(.019)*** (.019)***

Strong Vodafone network coverage 2.084 2.085
(.076) (.076)

Distance to market:
First quartile 2.056 2.057

(.082) (.082)
Second quartile 2.044 2.045

(.088) (.088)
Third quartile 2.045 2.045

(.089) (.089)
Female targeted � nutrition script 2.054

(.121)
Constant 1.896 1.051 1.036

(.060)*** (.269)*** (.269)***
Control mean WTP 1.835 1.835 1.835
R 2 .01 .04 .05
N 1,608 1,608 1,608
Note. Shown are OLS coefficient estimates of the relationship between WTP and being in a female-
targeted household and a household that received the agriculture and nutrition marketing script. Col-
umn 1 includes no controls other than region fixed effects. Column 2 adds the displayed household-level
controls. Column3additionally adds an interactionbetween the female-targeted indicator and the agriculture
and nutrition marketing script indicator. The control meanWTP is themeanWTP amongmales in households
that did not receive the agriculture and nutrition marketing script. Robust standard errors are in parentheses.
* p < :10.
*** p < :01.



TABLE 3
IMPACT OF FRAMING AND TARGETING ON WTP BY REGION

Upper West Central

(1) (2) (3) (4) (5) (6)

Female targeted 2.059 2.081 2.063 2.285 2.242 2.241
(.079) (.080) (.113) (.094)*** (.095)** (.128)*

Agriculture and nutrition script 2.074 2.065 2.047 .256 .287 .288
(.079) (.079) (.117) (.093)*** (.093)*** (.138)**

Household size .039 .039 2.010 2.010
(.024)* (.024)* (.025) (.025)

Household has child under age 5 2.051 2.052 2.024 2.024
(.082) (.082) (.094) (.094)

Total PPI score .001 .001 .004 .004
(.004) (.004) (.004) (.004)

Household total asset index .012 .012 2.128 2.128
(.041) (.041) (.120) (.120)

Number of crops cultivated 2.058 2.058 .111 .111
(.039) (.039) (.045)** (.045)**

Household has Vodafone SIM card .132 .132 2.154 2.154
(.086) (.086) (.116) (.117)

Log total value of production 2.019 2.019 2.012 2.012
(.044) (.044) (.026) (.026)

Household dietary diversity score
(1–12) .126 .127 .168 .168

(.026)*** (.026)*** (.030)*** (.030)***
Strong Vodafone network coverage .076 .075 2.211 2.211

(.108) (.108) (.112)* (.112)*
Distance to market:

First quartile 2.029 2.030 2.083 2.083
(.111) (.111) (.120) (.120)

Second quartile .093 .092 2.213 2.213
(.113) (.113) (.144) (.144)

Third quartile .082 .081 2.116 2.116
(.109) (.109) (.150) (.150)

Female targeted � nutrition script 2.034 2.002
(.158) (.185)

Constant 1.921 1.099 1.091 1.772 .425 .425
(.070)*** (.414)*** (.415)*** (.082)*** (.443) (.441)

Control mean WTP 1.921 1.921 1.921 1.742 1.742 1.742
R2 .00 .05 .05 .02 .09 .09
N 842 842 842 766 766 766
Note. Values are OLS coefficient estimates of the relationship between WTP and being in a female-
targeted household and a household that received the agriculture and nutrition marketing script, sepa-
rately by region. Columns 1 and 4 include no controls. Columns 2 and 5 add the displayed household-level
controls. Columns 3 and 6 additionally add an interaction between the female-targeted indicator and the
agriculture and nutrition marketing script indicator. The control meanWTP is the meanWTP among males
in households that did not receive the agriculture and nutrition marketing script in the relevant region.
Robust standard errors are in parentheses.
* p < :10.
** p < :05.
*** p < :01.
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script are small and not statistically significant for the Upper West Region and
large and significant for the Central Region. In the Central Region, randomly
selecting a female household member leads to a WTP that is GHC 0.29 lower,
on average, a difference that is statistically significant at the 1% level. Similarly,
randomly receiving the agriculture 1 nutrition script leads to a WTP that
is 0.26 higher, on average, a difference that is statistically significant at the
1% level. Adding household and EA level control variables leads to little change
in the coefficients which remain significant at the 5% level.

C. Screening Effects: WTP, VFC Activation, and Use
Figures 7 and 8 display the coefficient estimates on the WTP measure from
equation (2) for each month of data for the full sample and disaggregated by
region.12 Apart from the September 2017 activation rate, figure 7 finds little
correlation between WTP and the share of farmers on the VFC service for the
full sample or across regions. Thus, at most WTP is positively correlated with
VFC activation in the short term, with this association fading over time as those
households with higher baseline WTP that were more likely to remain in the
program 2–3 months after their initial activation begin dropping out at an in-
creasing rate. Females also have significantly lower activation rates than males,
a relationship that is concentrated in the Central Region (tables C3, C4), but
the marketing script does not affect activation rates.

In terms of the share of unique voice calls answered, WTP is positively and
significantly correlated with the share of voice calls answered in January and
February 2018, but after February, the correlation becomes statistically insig-
nificantly different from zero (fig. 8). Females listen to a statistically significantly
smaller share of voice messages than males but only in December and January
(tables C5, C6), with the female association varying in size and not statistically
distinguishable from zero thereafter.

This pattern of a short-term association between WTP and subsequent use
that disappears over time could be consistent with several explanations. Indi-
viduals with higher WTP may have been more likely to try the VFC service
by listening to voice messages in the first few months after receiving access
but then learned that they did not value the information the service provided
and stopped answering the voice calls. Their voice message answer rates would
then converge toward the smaller rates of those with lower initial WTP for
the service. Alternatively, the expected return to information could be higher
12 We report 90% confidence intervals in figs. 7 and 8, consistent with one-sided tests of the null
hypothesis that WTP has no effect on VFC activation or use, against the alternative hypothesis that
higher WTP is associated with higher probability of activation or use.
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during the January and February months of the growing season if critical de-
cisions—for example, when to harvest cocoa plants or how to store or sell har-
vested cocoa beans in the Central Region—need to be made during that time
period. Screening effects might then be more pronounced during those months
and smaller or even not present during time periods where the expected return
to information, including for higher WTP individuals, is lower.

VI. Exploring the Gender Gap in Demand
There are many potential explanations for why female respondents were
willing to pay less for the VFC service than male respondents. While the ran-
dom selection of a male or female respondent from each two-adult household
ensures that household-level characteristics are balanced across the two treat-
ment arms, male and female individuals differ from one another in various
Figure 7. Association betweenWTP and share of farmers on VFC service over time. Plotted are point estimates and
90% confidence intervals from OLS regressions of whether respondents were registered for the VFC service in dif-
ferent months on their WTP for the service for the full sample, the Upper West Region only, and the Central Region
only. Controls are included for whether the household was assigned to the female- or male-targeted arm, whether
they were randomly assigned to receive the agriculture and nutrition VFC marketing script, region of residence (in
the pooled sample), household size, whether there is a child under age 5, the PPI score, a total asset index score, the
number of crops farmed, whether the household had an existing Vodafone SIM card, the log of the total value of
agricultural production, the household dietary diversity score, an indicator for whether the EA had strong Vodafone
network coverage, indicators for the EA’s quartile of distance to amarket, and flags for whether controls weremissing
and imputed.WTP is winsorized at the 95th percentile (GHC5). Confidence intervals are based on heteroskedasticity
robust standard errors.
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ways, as seen in table 1. Individual-level characteristics could therefore be re-
lated to both WTP and treatment group assignment, and consequently their
inclusion could affect the estimated relationship between the female indicator
and WTP. These differences and how they relate to demand for agricultural
and nutrition information services are of interest for both policy and broader
learning-related purposes.

To identify the characteristics that are predictive of the WTP gender gap,
we explore different ways of selecting the control variables included in the Xihr

matrix of equation (1). We conduct our analysis in the Central Region only,
where the gender gap is concentrated. To begin, we add individual-level base-
line covariates that we expect to be correlated with both WTP and respondent
gender to the household- and EA-level controls included in column 2 of table 2.
The individual-level characteristics include age, education, marital status, liter-
acy level, share of household assets owned, nutrition and farming knowledge,
Figure 8. Association between WTP and share of voice calls answered. The graph plots point estimates and
90% confidence intervals from OLS regressions of the share of unique VFC voice calls that were listened to in dif-
ferent months on their WTP for the service for the full sample, the Upper West Region only, and the Central Region
only. Controls are included for whether the household was assigned to the female- or male-targeted arm, whether
they were randomly assigned to receive the agriculture and nutrition VFC marketing script, region of residence (in
the pooled sample), household size, whether there is a child under age 5, the PPI score, a total asset index score,
the number of crops farmed, whether the household had an existing Vodafone SIM card, the log of the total value of
agricultural production, the household dietary diversity score, an indicator for whether the EA had strong Vodafone
network coverage, indicators for the EA’s quartile of distance to a market, and flags for whether controls were miss-
ing and imputed. WTP is winsorized at the 95th percentile (GHC 5). Confidence intervals are based on heteroske-
dasticity robust standard errors.
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mobile phone ownership, monthly airtime spending, prior knowledge of VFC,
engagement in agricultural production, trust in agriculture or nutrition infor-
mation received via SMS, and indicators for having met with a community
health worker or agriculture extension agent.13 We also include an indicator
for whether the enumerator was the same sex as the respondent, since women
or men may report differently if interviewed by a male or female enumerator.14

Next, instead of basing covariate selection purely on our priors, we imple-
ment the PDS lasso estimator of Belloni, Chernozhukov, and Hansen (2014)
to select from the high-dimensional set of possible controls. Under a sparsity as-
sumption—that controlling for relatively few unknown characteristics is suffi-
cient to reduce the size of any bias to the point of ignorability—PDS lasso allows
for inference about a treatment indicator while considering a high-dimensional
set of potential controls whose dimensionality exceeds the sample size. As the
name suggests, PDS lasso relies on penalized regression methods to select two
sets of controls: characteristics that are associated with whether the selected re-
spondent is female and characteristics that are predictive of WTP. The final es-
timate is then based on ordinary least squares (OLS) using the union of controls
identified in these two steps.We implement PDS lasso restricting the set of con-
trols considered to all first- and second-order terms excluding interactions with
the female indicator and then again after allowing for interactions.15

Table 4 presents the coefficient estimates on the female-targeted indicator
and the agriculture and nutrition script indicator from these exercises (see ta-
ble C8 for the full estimation results, including the coefficients for all controls
selected in the PDS lasso exercise). Column 1 introduces individual-level var-
iables that we identified as being likely correlates of bothWTPand whether the
respondent was female. Adding individual controls increases the gender gap to
20.31. Interestingly, the coefficients displayed in table C8 suggest that the
13 To acknowledge the possibility that differences in mobile phone ownership could play an outsize
role in explaining the gender gap, in table C7 we additionally replicate the main (table 2) results sep-
arately by whether the BDM participant themselves owned a mobile phone. Similarly, fig. D1 plots
the inverse demand curves and gender gap in demand for mobile phone owners and non–mobile
phone owners. In short, we observe a gender gap for both groups, those who own and do not
own a mobile. The gender gap is larger for the group that owns a mobile phone, although the dif-
ference is not statistically different.
14 In fact, we find that when comparing unadjusted means, WTP is higher by GHC 0.14 if the enu-
merator is the same sex as the respondent, and this difference is larger in the Central Region com-
pared with the Upper West Region (GHC 0.19 vs. GHC 0.11).
15 Forcing the OLS specification to include all first- and second-order interactions, even without also
allowing for interactions between the controls and the female indicator, quickly exhausts the available
degrees of freedom (there are 418 potential controls) and yields extremely imprecise estimates for all
variables. Allowing for interactions with the female indicator results in 764 potential controls, ren-
dering the estimates even more imprecise and uninformative.
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share of assets owned by the respondent and meeting with a community health
worker are negatively associated with WTP for the service, while farming
knowledge is positively associated withWTP. Column 2 presents the PDS lasso
results when considering the full set of possible first- and second-order terms
for an extended set of household- and individual-level variables relative to those
included in column 1. Of the 418 characteristics included in the potential set
of controls for PDS lasso, 19 are identified in one of the two selection models
and therefore included in the final OLS specification. The gender gap in WTP
remains similar in columns 1 and 2.

Column 3 adds interactions between the controls included in column 2 and
the indicator for whether the household was assigned to the female treatment
arm. Of the 764 variables included in the potential set of controls with inter-
actions, 42 are selected. The point estimate on being female is now positive
(0.49) and not statistically significant. Several of the PDS lasso-selected female
TABLE 4
EXPLAINING GENDER GAP IN WTP AND NUTRITION PREMIUM IN CENTRAL REGION

Household and
Individual Controls PDS Lasso

PDS Lasso with
Female Interaction

Female targeted 2.307 2.295 .494
(.137)** (.132)** (.493)

Agriculture and nutrition script .291 .303 .276
(.092)*** (.089)*** (.132)**

Constant .567 1.783 1.298
(.545) (.157)*** (.276)***

Control mean WTP 1.742 1.742 1.742
N 765 765 765
Note. Column 1 includes household- and individual-level baseline controls. The household controls are
household size, number of children under age 5, PPI score, an asset index score, number of crops culti-
vated by the household, whether the household has a Vodafone SIM card, log of the total value of house-
hold agricultural production, household dietary diversity score, an indicator for whether the EA has strong
Vodafone network coverage, and quartile indicators for distance to the nearest market. The individual (re-
spondent) controls are age, whether they have any formal education, an indicator for whether they are
unmarried, a literacy indicator, share of household assets they own, whether they are the same sex as
the enumerator, their nutrition knowledge score, their agricultural knowledge score, whether they own
a mobile phone, the log of the monthly amount they spend on mobile phone airtime, whether they
had heard of VFC, whether their main activity is crop production, whether they report being likely to trust
agriculture information received through SMS, whether they report being likely to trust nutrition informa-
tion received through SMS, whether they met with an agricultural extension worker in the past month, and
whether they met with a community health worker in the past month. Column 2 displays estimates based
on implementing the PDS Lasso method of Belloni, Chernozhukov, and Hansen (2014), with the full set of
first- and second-order terms and their interactions (excluding the interaction with the female treatment)
based on the controls in col. 1. Column 3 does the same but includes interactions between the female
treatment and all other terms as potential controls. We display only the selected coefficients in cols. 2
and 3. The control mean WTP is the mean WTP among males in households that did not receive the ag-
riculture and nutrition marketing script in the Central Region. Robust standard errors are in parentheses.
* p < :10.
** p < :05.
*** p < :01.
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interactions shown in table C8 are intuitively signed and meaningful in size
in the final OLS specification—whether the household has any child under
age 5; the squared value of household dietary diversity score; indicators for be-
ing in the first, second, and third quartiles of distance to the market; whether
the respondent has any formal schooling; whether the respondent trusts SMS
nutrition information; and whether the respondent met with a health worker
in the past 3 months. The interactions between the female indicator and indi-
cators for distance, having any formal education, trusting SMS information on
nutrition, and having met with a health worker are all negative, suggesting that
these characteristics are associated with a decrease in female WTP relative to
their association with male WTP. This could plausibly be a result of female de-
mand for new information being more elastic to alternative information sources
or simply indicative of these female subgroups having better access to other
sources of information. Though only suggestive, this points toward the gender
gap inWTP potentially being driven by heterogeneity across genders in the crowd-
ing out of demand for the service from access to alternative nutrition and agri-
culture information.

VII. Threats to Identification
The main results suggest that adding nutrition information to the VFC mar-
keting script leads to a marginal increase inWTP, while females are significantly
less likely to be willing to participate in the service at all prices above GHC 1.
There are several potential threats to the interpretation of these findings. First,
the WTP results could in part be driven by the modified BDM design that
we used to elicit individual WTP for the first month of VFC service. This mod-
ified BDMdesign—which added a second-stage price discount to ensure that all
participating individuals would receive access to the service for free—could com-
promise the incentive compatibility of the BDMmechanism.While the second-
stage offer occurred after the initial BDMgame that generates theWTPmeasure
for all respondents, if individuals surveyed earlier shared information about the
second-stage price discount with their friends and neighbors who were visited
later, it could have affected their incentive to report true WTP. Second, as with
any data collection activity, it is possible that enumerator characteristics could
have impacted individual WTP. Third, by requiring respondents to show that
they could pay their bid amount for the first month of VFC service, the elicited
WTP could be affected by liquidity constraints and therefore reflect ability to
pay as opposed to WTP. We address each of these potential threats below.16
16 Figure D2 also plots the inverse demand curves separately for male respondents, for the female re-
spondents from two-adult households that are included in the analysis for this paper, and for the
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To explore whether the spread of information regarding the second-stage
price discount had any impact on our WTP estimates, we use data on the in-
terview order within each EA. Fieldwork in each EA typically took 1–2 days,
and for all 104 treatment EAs, we can identify the time and date of the base-
line interview and classify households by whether they were interviewed in
the first or second half of the fieldwork in that EA. If relevant, we should expect
the spread of information to have a larger impact on stated WTP for those
households that were surveyed later, potentially generating a difference in
WTP over time. To test this, we calculate the difference in inverse demand be-
tween early- and late-surveyed households at each price between GHC 0 and
GHC 3 by regressing the indicator for whether each individual would be
willing to participate in the service (1fWTPihr ≥ pg) on an indicator for whether
the household was interviewed during the first half of field work in their EA.
Figure D3 (figs. D1–D5 are available online) displays these results. At no price
between GHC 0 and GHC 3 are the inverse demand curves statistically signif-
icantly different for early and late respondents. Further, the point estimates al-
ways have a magnitude smaller than 0.02 in absolute value, suggesting that—at
most—there is a 2 percentage point difference in the share of households that
would purchase at any price. The evidence therefore does not support the idea
that the spread of information about the second-stage price randomization in-
fluenced respondent’s stated WTP for VFC. Table C9 shows the regression-
based analog, which similarly indicates that there is no relationship between
WTP and whether respondents were interviewed early in the EA-level field
work.

To test whether enumerator characteristics could be driving the variation
in elicited WTP, we plot two versions of the range of inverse demand curves
across enumerators at each price between GHC 0 and GHC 3. For each enu-
merator, we calculate the share of individuals interviewed in treatment villages
who would be willing to register for the VFC service at each price. We then
identify the minimum share and the maximum share at each price to generate
bounds on the overall share of households that would purchase. Similarly, we
identify the enumerator with the third highest share and the third lowest share
at each price to generate bounds that can be interpreted as a 90% interval for
the overall share that would purchase.17 Because enumerators completed only
female respondents from female-only households that are excluded from the analysis data. The two
female inverse demand curves are indistinguishable at all prices.
17 With 40 total enumerators, the third and thirty-seventh highest shares contain the central 90% of
the enumerator price-specific shares.
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28–63 household surveys in treatment villages, both sets of bounds based on
enumerator-specific inverse demand curves are noisy. Still, they provide useful
information about the likelihood that enumerator characteristics impacted
stated WTP. Figure D4A presents these minimum–maximum bounds on
the inverse demand curve, together with the inverse demand curve for the full
sample, while figure D4B does the same for the enumerator-specific 90% con-
fidence interval.

Though the bounds are quite wide—beginning around a monthly price of
GHC 0.5, the difference between the minimum and maximum share exceeds
0.3—the minimum–maximum bounds in figure D4A illustrates the same pat-
tern as the overall inverse demand curve. A high fraction of households would
be willing to register at monthly prices below GHC 0.5, while few would be
willing to register at monthly prices above GHC 2.0. Unsurprisingly, the 90%
bounds are substantially narrower and track the overall mean share that would
purchase at each price quite closely. For example, at the current monthly price
of GHC 0.5, even the lower bound of the 90% interval indicates that over
80% of individuals would register for the VFC. The results therefore do not ap-
pear to be overly sensitive to the enumerator conducting the fieldwork.

Because we required respondents to be able to pay the amount of their bid
during the interview, subjects facing short-term liquidity constraints could
have stated aWTP less than their true WTP. This would suggest that our mea-
sures are a lower bound on true WTP. That is, if anything, more than 95% of
households would register for the service at the current monthly price, reinforc-
ing the conclusion that initial price subsidies may not be necessary to increase
initial interest in experiencing the VFC service. Further, given respondents’
spending patterns on airtime, we do not believe that liquidity constraints are
a relevant issue for most of the sample. The maximum random price draw of
GHC 3 is just 33% of the mean monthly spending on airtime in a typical
month for female respondents and less than 14% for males. For households
where we collected mobile phone usage information from both the primary fe-
male and the primary male, GHC 3 represents 9.5% of total monthly airtime
in a typical month. While high monthly expenditures on mobile airtime cer-
tainly do not preclude the existence of short-term liquidity constraints, they
do emphasize how small the immediate cash requirement was, decreasing the
likelihood that the liquidity constraint was binding for participating individuals.
In table 3, we also find no relationship between stated WTP and the household
PPI score. Under the assumption that liquidity constraints aremore likely for less
wealthy households (those with lower PPI scores), we would expect to find an
important positive correlation betweenWTP and PPI score if liquidity constraints
were important for the sample.
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VIII. Conclusion
In this paper, we use a variant of the BDMmethod to elicit farmers’WTP for a
nutrition-sensitive agriculture information service—the VFC—among farming
households in rural Ghana. We find that participating individuals are overwhelm-
ingly willing to pay the monthly subscription price for the service: nearly 95%
of respondents stated a WTP of at least GHC 0.5. However, the monthly sub-
scription price for the service reflects only the variable cost of providing the ser-
vice and not the fixed costs. The share of farmers willing to pay for VFC service
decreases rapidly as the price increases. At GHC 1.0, 85% would register for the
service; at GHC 2.0, 50% would register; and at GHC 3.0, just 20% would still
be willing to register.

Farmers’ demand for the VFC service depends on how the service was mar-
keted to them and whether the targeted individual is female. When a nutrition
emphasis is added to the marketing script, farmers are willing to pay more for
the service, but women have lowerWTP for the service than men. The gender
gap in WTP and the nutrition premium are concentrated in the Central Re-
gion. Using the PDS lasso method (Belloni, Chernozhukov, and Hansen
2014), we find that the gender gap in WTP in the Central Region is concen-
trated among women who live closer to markets, trust SMS messages on nu-
trition, met with a community health worker in the previous month, and have
some schooling. These women are more likely to have alternative sources of
nutrition, health, and agriculture information.

We link WTP estimates with administrative data on the activation rates of
the VFC service and the share of voice calls answered to explore whether indi-
viduals who are willing to pay more for the service are subsequently more likely
to use the service. The results suggest that respondents with higher WTP are
initially more likely to use the VFC service, but this fades quickly over time,
and even the initial differences in use are small in magnitude. Thus, there
may be some initial trade-off for policy makers with respect to making the ser-
vice available at a lower price and ensuring that the individuals who are sent the
content use the information they receive, but this small short-term screening
effect is dominated by the increase in access to the information that would be
generated through lower prices.

From the standpoint of identifying a price that enables the operating orga-
nization to recover some of their costs while still reaching as many interested
farmers as possible, the results suggest that small positive monthly prices
(GHC 0–1) for the VFC service are not likely to substantially decrease de-
mand. However, the low price of GHC 0.5 reflects only the variable costs of
providing the service and not the fixed costs of product development, market-
ing, and administrative expenses. At the price of GHC 0.5, Vodafone would
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need around 200,000 subscribers over 4 years in order to have an internal rate
of return greater than zero (Scott and Batchelor 2020).18 While Vodafone was
able to initially reach 200,000 subscribers, they were not able to sustain these
numbers over the necessary 4-year period to be financially viable, and thus the
service was eventually suspended in December 2018. Thus, beyond ensuring a
price that subscribers are initially willing to pay, for ICT services to be finan-
cially sustainable at low prices, it is important to ensure high rates of subscrip-
tions over time. This is likely to require continuously updating content to en-
sure that it is current, dynamic, and relevant so that subscribers continue to pay
the fee or that the service has the capacity to continuously reach new clients
over time.

Our WTP results are similar to those in Cole and Fernando (2021) in that
they both raise questions about the financial sustainability of ICT services.
Cole and Fernando (2021) find that farmers in India are not willing to pay
the cost of the ICT service; however, their service is different from the VFC
service in that the cost of the service entails only distributional costs associated
with airtime, staff, and technology fees and not larger fixed costs of product
development and marketing essential for taking a service to scale. In our study,
farmers are willing to pay the distributional cost of providing the information.
This could indicate that respondents do not fully adjust their valuations to ac-
count for the possibility of information sharing with friends and neighbors,
that respondents internalize the potential benefits to their friends and neigh-
bors from any future sharing of the VFC information, or that there are time
or ability costs to information sharing that make information sharing less
attractive.

There are several limitations to our study that are worth noting. The first is
that although we find high demand for the VFC service at the subscription
price of GHC 0.5, take-up of the program outside our study area is much
lower. One possible reason for such high WTP in our sample is that our inter-
vention included door-to-door marketing of the service, which is much more
intense marketing than the typical Vodafone promotional campaigns involv-
ing community-level events or asking marketing agents to stand on street cor-
ners and search for new customers. Moreover, we elicitedWTP after spending
2 hours with farmers asking them questions related to their farming. This could
have increased their interest for a farming information service or signaled some-
thing about the quality of the service, thereby increasing their WTP for the ser-
vice relative to the situation where VFC is offered with little or no prior face-to-
face interaction.
18 These estimates are based on projected revenue over 4 years from subscription rates and airtime.
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Second, the VFC service was a bundled service that offered discounted call-
ing and SMS rates in addition to agriculture and nutrition information. While
the advertisement scripts used to elicit WTP did not mention the discounted
rates to those outside the network, we cannot rule out the possibility that respon-
dents were aware of and valued the potential price discounts. If so, our WTP
estimates reflect not just the agriculture and nutrition information service but
also the discounted telecommunication service. While we cannot disentangle
WTP for the agriculture and nutrition services from the discounted telecom-
munication, we are able to disentangle the premium individuals are willing to
pay for the nutrition information and can conjecture that the premium for the
agriculture information would be at least as large as the nutrition information.

Last, the VFC service was an information service tied to a mobile network
operating company. Farmers who already had a Vodafone SIM could port their
number to the newVFC service; however, this aspect was not made apparent to
farmers during the WTP exercise. Regardless, farmer’s WTP for the service
likely reflects their preference for the network and phone number. We show in
figure D5 that while WTP is slightly lower for respondents with non-Vodafone
service for their main mobile phone, these differences are small and have no ef-
fect on the main findings.

Despite these limitations, our findings hold several lessons for policy makers
and the private sector. First, when faced with strong marketing campaigns that
include face-to-face interaction, farmers are willing to pay small positive prices
for access to an ICT focused on agriculture and nutrition. Second, there are
large gender differences in demand for ICT services and subsequent use, with
women having lower WTP and being less likely to use the service than men.
Thus, services that wish to target women need to take these differences into
account and find ways to make the service more attractive to female farmers.
Third, while individuals with a higher WTP for the ICT are more likely to
use the service initially—providing some evidence of a short-term screening ef-
fect—this association fades over time. This suggests that reducing prices may
not importantly change the likelihood that individuals who selected into reg-
istering for the program listen to the information provided, at least in the me-
dium to long term.

Fourth, although farmers are initially willing to pay low prices for an ICT
focused on agriculture and nutrition, they will likely not be willing to contin-
ually pay for the service if the information provided is not easily accessible, rel-
evant, dynamic, and up to date. For an ICTservice to be financially sustainable
at low prices, a large number of farmers must be willing to pay for the service
over a longer period to distribute the fixed cost of developing the product over
a longer payment period.



1400 E C O N O M I C D E V E L O P M E N T A N D C U L T U R A L C H A N G E
Therefore, while mobile-based agricultural advisory services can be a prom-
ising solution to overcoming information constraint–related problems under
certain circumstances, if farmers are not actively using the service, it may not
be effective as a stand-alone channel for providing information and changing
behavior, and moreover, it may not be financially sustainable for private com-
panies to provide the service. The challenge for policy makers and the private
sector is thus to create a digital service that a large number of farmers are willing
to pay for and use on a continuous basis in order to effectively improve agricul-
ture and nutrition outcomes.
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