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Abstract

Forecasting the adoption of technological innovations is difficult but potentially
impactful, particularly in rural low-income communities worldwide. This paper tests
a novel method to measure mobile money adoption by employing behavioral measures
to elicit preferences for saving or remitting using mobile money. I link these game
decisions to individual-level mobile money administrative transaction data; my findings
show that while willingness to remit through mobile money strongly predicts adoption
in the second and third years after mobile money was introduced, willingness to save
in the mobile money game is a strong predictor of future mobile money cash-in and

any mobile money transaction in the first, second, and third years.

*Updated version of Masters thesis defended at Nova School of Business and Economics on January 10th,
2024. I thank my advisor Professor Catia Batista for invaluable comments and guidance during this project.



1 Introduction

Sub-Saharan Africa has achieved radical gains in mobile phone adoption (Aker and Cariolle,
2023)and has experienced an increase in the number of mobile telephone subscriptions from
approximately 87 million in 2005 to over 1 billion subscribers in 2023.} The extensive
ownership of mobile phones across Sub-Saharan Africa has improved communication between
rural and urban households, and across borders (Monga et al., 2015). Further, it has also
catalyzed a wave of low-cost innovations across critical sectors such as finance (Suri, 2017),
agriculture (Fabregas et al., 2019),education (Aker and Ksoll, 2020; Angrist et al., 2022),
and health aiming at improving people’s lives in one of the poorest regions of the world 2.

One notable example is mobile money, a technology that has been revolutionary in pro-
moting financial inclusion through lowered transaction costs. Mobile money provides a se-
cure platform for poor people to save (e.g. (Suri and Jack, 2016; Batista and Vicente, 2020b;
de Mel et al., 2022; Batista et al., 2022) , instantly transfer funds across a country (e.g. (Jack
et al., 2013; Jack and Suri, 2014; Riley, 2018; Lee et al., 2021; Batista and Vicente, 2023), or
access credit (Suri, 2017). Furthermore, mobile money is widely accessible through its agent
network, and owing to this, the share of adults with a mobile money account in Sub-Saharan
Africa has nearly tripled from 12 % to 33% in 2021, yet growth in the traditional banking
system has been relatively stagnant?

Mobile money transaction data from telecommunication companies allows researchers
to observe which individuals adopted it and their usage patterns accurately *. In practice,

researchers are either constrained by telecommunication companies or governments to access

!Source: The International Telecommunication Union (ITU) 2023 database, December 17, 2023.
The dataset covers mobile phone subscriptions and internet penetration across the globe, Re-
trieved from https://www.itu.int/en/ITUD/Statistics/Documents/facts/ITU_regional_global_Key_
ICT_indicator_aggregates_Nov_2023.x1lsx

2For a detailed explanation on innovations in the health sector read the article “How
digital tools could boost efficiency in African health systems.” McKinsey Company, ac-
cessed  December 17,2023, https://www.mckinsey.com/industries/healthcare/our-insights/
how-digital-tools-could-boost-efficiency-in-african-health-systems#/

3Demirgiic-Kunt et al. (2021), The Global Findex Database 2021.

4see for example (Blumenstock et al., 2015; Khan and Blumenstock, 2017; Batista and Vicente, 2020a;
Aggarwal et al., 2020; Lee et al., 2021)
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individual-level transactions data due to privacy concerns. In such cases, most researchers
frequently rely on self-reported adoption elicited through questions embedded in surveys to
track mobile money adoption e.g (Jack and Suri, 2014; Munyegera and Matsumoto, 2016;
Ahmed and Cowan, 2021)

However, a large body of prior research on technology adoption particularly, in agricul-
ture, has found that surveys are unreliable measures of adoption due to misreporting, social
desirability status, and social norms (for a summary of recent studies see (Abay et al., 2023)).
For example Jayachandran et al. (2017) an RCT evaluating the effectiveness of payment for
ecosystem services on forest conservation in Uganda, combines both satellite and survey
data to measure adherence to their intervention and found that treated individuals under
reported the number of trees they felled in the household surveys. It is worth noting that
such a measurement error, which cannot be easily noticed in the absence of an alternative
data collection method, introduces a bias in survey data, affecting the quality of the collected
data, which could misguide policymaking.

In this paper, I advance the knowledge of mobile money and technology adoption by
asking an important question. Can games measure mobile money adoption? My results
show that measured behavior in mobile money adoption games is a strong predictor of real-
life adoption and usage patterns of mobile money, contributing in terms of measurements
to the mobile money literature. First, I found that willingness to use mobile money to save
measured during each survey round strongly predicts any mobile money transaction will take
place in the future (at the end of each year). I also show that the behavioral willingness to
save using mobile money as measured in a game strongly predicts the probability of making
a mobile money cash-in. Furthermore, in another specification, I found that willingness to
save using mKesh in the game predicts an increase in the amount stored in the mobile money
account in 2012 and 2014.

Second, in the remittance game, I found that willingness to remit using mobile money is

a strong predictor of making any mobile money transaction in 2013 and 2014. Also, I find



that the behavioral willingness to remit using mobile money measured in a game predicts
well, with some delay, the likelihood of sending remittances through their mKesh account.
Finally, I show that the marginal willingness to remit using mobile money as measured in
the game strongly predicts receiving remittances in 2013 while its predictive power becomes
weak in 2014.

My study is relevant to researchers and policymakers thinking of potential strategies to
increase the adoption and utilization of mobile money to perform transactions. Based on
my approach, adopters and never-adopters of mobile money can be identified and followed
up to understand their reasons for rejecting mobile money before it is rolled out on a large
scale. It is worth noting that, despite the high rates of mobile money adoption, there are
significant disparities in the usage patterns of mobile money across Africa; for instance,
in 2020 mobile money transactions in East Africa were worth $475 billion while Southern
Africa lagged with only $3 billion ®°. Furthermore, other technologies in health care such as
contraceptives, water purifiers, and the use of fertilizers, pesticides, and high-quality seeds
in agriculture have low adoption rates in Africa. Lastly, researchers could employ games to
measure the adoption of mobile money when there is a possibility of being denied access to
administrative data.

The rest of the article proceeds as follows: Section 2 explores related literature and
highlights our contributions to this literature. Section 3 summarizes background Information
and the context of our study. Section 4 explains our mobile money adoption game design in
detail. Section 5 explains data sources and provides descriptive statistics. Section 6 explains
our estimation strategy. Section 7 describes and discusses our results. Finally, Section 8

provides policy recommendations and conclusions.

SGSMA(2021). State of the Industry Report on Mobile Money 2021, accessed De-
cember 17,2023, https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2021/03/GSMA_
State-of-the-Industry-Report-on-Mobile-Money-2021_Full-report.pdf
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2 Literature Review

In the spirit of Carletto (2021), I believe that innovating new ways to collect quality data is
necessary for effective policymaking. My findings make a methodological contribution to the
mobile money and technology adoption literature by suggesting an alternative approach to
measure adoption. According to Camerer (2003), behavioral games are defined as scenarios
that mimic real-world settings. This implies that by observing someone’s behavior in the
game, I can infer their preferences towards mobile money adoption. I confirm this assumption
by showing that behavior in the games predicts actual mobile money adoption and usage in
the administrative mobile money data. Economists and psychologists have used economic
games to measure personality and economic preferences such as risk aversion, loss aversion,
and trust. Furthermore, some technology adoption studies have for a long time mainly
employed a behavioral approach to measure willingness to pay for new technologies (Berry
et al., 2020). New evidence from a randomized field experiment in Mozambique, Armand
et al. (2023), shows a correlation between revealed corruption tendencies in the game and
real-world corruption behavior. However during my survey of the literature, I did not find
any study that has ever attempted to use games to predict technology adoption. I expand
this literature by measuring the predictive power of behavioral measurements of technology
adoption with administrative data on actual mobile money adoption.

My study is part of the overall mobile money literature. One strand of the mobile money
adoption literature highlights the importance of mobile money as a savings tool. The poor
in Sub-Saharan Africa, particularly in rural areas, have limited access to formal financial
services (Karlan and Morduch, 2010). Experimental impact evaluations have documented
the effect of using mobile money accounts to achieve saving goals. For example, Habyarimana
and Jack (2024)found that mobile money accounts boost savings, human capital investment,
and the likelihood of secondary school attendance using a randomized field experiment in
Kenya. Existing studies have also found that having a mobile money account increases

the level of savings (e.g.(Suri and Jack, 2016; 7; Aggarwal et al., 2020; de Mel et al., 2022;



Batista and Vicente, 2020b). Batista and Vicente (2020b) implemented a randomized control
trial to show that farmers who were given access to interest-bearing mobile money accounts
increased their savings and led to their investment in fertilizers. Another strand of this
literature shows the role of mobile money as a remittance tool. A study by (Lee et al.,
2021) suggests that treated urban migrants with more information and access to a mobile
money account send more remittances to their families in the village. Earlier studies by
Jack and Suri (2011) and Munyegera and Matsumoto (2016) showed that having a less risky
tool to send remittances, mobile money, improves consumption smoothing in rural Uganda
and Kenya, respectively. Additionally, mobile money has been shown as an effective tool
for financial support to households affected by a severe drought (Aker et al., 2016). Yet
poor households are vulnerable to idiosyncratic and aggregate shocks. In the absence of
government or International aid, non-experimental studies (e.g. (Jack et al., 2013; Jack
and Suri, 2014; Riley, 2018) and experimental studies (Batista and Vicente, 2023) find that
households with mobile money accounts are less vulnerable to negative shocks such as natural

disasters through their ability to share risks.

3 Background Information, Study Context

My study was conducted in Mozambique, a country located in the southeastern part of
Africa with a population of approximately 33 million yet is estimated that over 60% of this
population resides in rural areas®.

Most of this rural population depends on rain-fed subsistence agriculture as a source of
livelihood. In addition, most people in rural areas are in low-income households with little
or no income-generating activities and limited acess to formal financial products (Dupas

and Robinson, 2013). Exclusion from the formal financial systems means a lack of access to

secure savings or credit. Consequently, in the absence of formal financial institutions, this

6The World Bank in Mozambique Country Overview December 12,2023 https://www.worldbank.org/
en/country/mozambique/overview
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part of the population often resorts to informal finance, such as keeping their money at home
“under the mattress”, rotating and saving cooperation (ROSCA), or with a shop owner.

Remittances are a very powerful source of financial support especially for the rural popu-
lation in Africa for example during adverse events such as droughts, and floods. However, in
Mozambique, they are often sent through risky channels, namely bus or taxi drivers, friends,
and relatives. This format of sending urgently needed support leads to a loss of money if the
support does not reach the person it was intended to help or when there are several delays
in delivering the money or traveling to pick it up (Jack and Suri, 2011). Furthermore, a
less risky avenue involves very high costs such as time and transport when a migrant takes
the money by him/herself to their relatives in the village. In the context of Mozambique,
Batista and Vicente (2023) reported evidence of the effectiveness of mobile money as a plat-
form through which urgent support can be sent to households in rural Mozambique affected
by a large flood in 2013.

Mobile money was launched in Mozambique in 2011 by Carteira Mdvel. Based on its
success in Kenya after its launch in 2007, mobile money rapidly spread across Africa and

7. Batista and Vicente

the globe, and by 2018 it had been deployed to over 90 countries
(2013) leveraged its introduction in Mozambique and, in partnership with Mcel, conducted
a field experiment in 2012 covering the southern rural areas of Maputo Province, Gaza, and
Inhambane in which they achieved high take-up rates of mobile money. A good feature
of their intervention is that the sampled participants had never used mobile money, hence

allowing me to effectively study the adoption of mobile money and how people make decisions

to adopt new technologies.

4 Game Experiment Design

Batista and Vicente (2013) explained in detail the field experiment that launched mobile

7According to the GSMA State of the Industry Mobile Money Report 2018 avail-
able at, https://www.gsma.com/mobilefordevelopment/wp-content/uploads/2019/02/
2018-State-of-the-Industry-Report-on-Mobile-Money.pdf
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money in treated villages with the help of Mcel, while the control villages did not receive
any treatment. As part of the large experiment, they conducted simple behavioral games
with all participants including individuals in both the treatment and control villages while
carrying out surveys. First, these games elicited the willingness to transfer funds or to save
money. Specifically, they measured the willingness to transfer money to a relative in Maputo
city (the capital city of Mozambique) the main destination for urban migrants. In addition,
they played another game that measured the marginal willingness to save. The second phase
of these games measured the marginal willingness to adopt mobile money as a remittance
channel or a savings tool. This round of games captured the marginal willingness to use
mobile money as a substitute for conventional means of saving or sending remittance in
rural Mozambique. Next, I provide a detailed explanation on how these games were played

in the field.

4.1 Remittance Game

Respondents were asked if they had close relatives in the nearest city of Maputo and only
individuals with a family member residing in the city were allowed to play the remittance
game. This explains why the number of observations in this game is lower than those of
the saving game in Tables 1, 2, and 3 This game involved giving all respondents in both
treatment and control group 20 MZN in cash which was approximately 1 USD from 2012 to
2014 when we conducted our experiment. Then, the respondents had to decide whether to
keep the 20 MZN in cash or send the money to their close relative living in Maputo city of
their choice. However, only respondents who decided to remit the 20 MZN were allowed to
proceed to the next phase of this game where an additional decision regarding the channel
through which these remittances were to be transferred. Specifically, the respondents were
asked whether to remit the 20 MZN through their mKesh account, or the traditional format
of sending remittances. Traditional means of sending money to a relative or a friend in

rural Mozambique is normally through someone in your network traveling to the city or the



village for example a family member, a friend, or a long-distance bus driver. In this game,
their traditional channel was for the respondents to send their remittances in an envelope
through their enumeration team at no cost.® This alternative channel to mKesh was more
attractive since the enumerators were the ones giving out the money to be sent and it could
create some form of assurance that they would at least deliver the funds to their relatives in
Maputo. In addition, their enumerators charged zero fees to transport the envelope carrying
the 20MNZ compared to the bus drivers who normally charge up to 20 percent of the money
they bring to rural areas from the capital city yet sometimes end up disappearing with the
money entrusted with them. Furthermore, mobile money charges a small transaction fee for

sending remittances.

4.2 Savings Game

Respondents in all the survey rounds were given 20 MZN in cash and asked for their pref-
erence to hold the 20 MZN in cash or save it. This first phase of the game allowed me to
capture the respondent’s willingness to save but only individuals who had decided to save
were allowed to make an additional decision about their preferred saving method. Specif-
ically, he/she could either save through cashing-in the 20 MZN on their mKesh account
or through the conventional way of saving. In rural Mozambique, the common method of
saving in rural areas is saving ‘under the mattress’ because of the absence of formal finan-
cial institutions. Therefore, they replicate the traditional saving methods in the game by
proposing to our respondents that they could cash-in the 20 MZN in an envelope, seal it
with wax then keep it ?. They made this option attractive by promising to give respondents
50% interest in the next survey round after a year if our enumeration team found the seal
on the envelope intact during the time of the survey. It is worth noting that respondents
were not aware when the next round of surveys would be held but keeping the 20 MZN

in the envelope would increase the value of the sealed envelope one year later. Hence, the

8See a sample of an envelope used in Figure Ala in the Appendix.
9See a sample of an envelope I used in Figure Alb in the Appendix



conventional saving method looked appealing to the respondents, and had to choose whether

to maintain the status quo or adopt mKesh as their preferred platform to store their money.

5 Data and Descriptive Statistics

I use results from a large, randomized field experiment that launched mobile money locally
known as mKesh in rural villages in southern Mozambique Batista2013. The intervention
involved recruiting mobile money agents and sharing information through a well-scripted
play and flyers. A sample of individuals was randomly chosen to experiment with how
mobile money works by opening a mobile money account, setting their PIN, and cashing-in
and withdrawing money!".

I use mainly four data sources in this study. First, surveys were conducted in 2012, 2013,
and 2014 to collect household-level data on each of the participants. Through interviews,
information was collected on household consumption expenditure, age, gender, and bank
account ownership status. Second, behavioral games were used to elicit the marginal will-
ingness to save or send remittances using mobile money technology at the individual level
starting in 2012 till 2014. Notably, the third and most important source of data used in
this study is the mobile money administrative data from Carteira Moével, an implementing
partner of the field experiment. The dataset covers mobile money transactions for all the
respondents in the treatment and control group in our sample from 2012 to 2015 including
cash-ins, transfers sent and received. This dataset allows me to link a respondent’s decision
in the game to their true adoption of mobile money by observing whether an individual
sent a transfer, received a transfer, made a mobile money cash-in, or the balance in their
mobile money account. Furthermore, to understand the impact of a large flood that affected
households in my study sample, I constructed an indicator variable for exposure to the large

flood using the Standardized Precipitation Evapotranspiration Index (SPEI)!

10See Batista and Vicente (2013) for details on the randomization process and balance checks
HFor a detailed explanation of how this variable was created and the data source see Batista and Vicente
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Each of these games was played in two stages. The first phase was designed to elicit
respondents’ willingness to save or remit. Then, in the second phase, which is the focus of this
paper, only individuals who were willing to save or remit played it. Based on this condition, I
assume that an individual’s savings and remittance preferences are consistent, implying that
if an individual prefers not to save or remit, they are also not interested in doing the same
using mobile money. I constructed the behavioral measure variable considering respondents
who were cut off by the first game by assigning zero to participants who were not willing
to save or remit. This helps to recover observations that were lost and increases the sample
size.

The dependent variables are any transfer received, any transfer sent, any mobile money
cash-in, and any mobile money transaction which I constructed by creating an indicator
variable equal to 1 if I observe that an individual performed at least one transaction in the
mobile money transactions dataset, respectively. Additionally, I also use the value of mobile
money balance in each mKesh account in Mozambican metical as a primary outcome of

interest in my regression analysis.

Table 1: Summary statistics for 2012

Mean sd Min Max
Any Transfer Received 0.198 0.399  0.000 1.000
Any Transfer sent 0.126  0.332  0.000 1.000
Any mobile money deposit 0.104  0.306  0.000 1.000
Value of mobile money Balance 16.929 49.635 0.000 1002.000
Any mkesh Transaction 0.344  0.475  0.000 1.000
Age 37.823 14.301 17.000 93.000
Gender 0.613  0.487  0.000 1.000
Province 2.124  0.626  1.000 3.000
Treatment Status 0.439 0.496  0.000 1.000
Years of education 5.625  3.588  0.000 15.000
Owning a bank account 0.234 0.424  0.000 1.000
log Household Consumption Expenditure | 8.332 0.955 5.011 11.408
Willingness to remit Using Mobile Money | 0.111  0.314  0.000 1.000
Willingness to Save Using Mobile Money 0.130  0.336  0.000 1.000

(2013).
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Table 2: Summary statistics for 2013

Mean Sd Mini Max
Any Transfer Received 0.119 0.323  0.000 1.000
Any Transfer sent 0.058 0.235  0.000 1.000
Any mobile money deposit 0.115 0.320  0.000 1.000
Value of mobile money Balance 22177 175.325  0.000 6037.000
Any mkesh Transaction 0.292 0.455  0.000 1.000
Age 38.653  14.509 17.000 93.000
Gender 0.609 0.488  0.000 1.000
Province 2.159 0.612  1.000 3.000
Treatment Status 0.422 0.494  0.000 1.000
Years of education 5.566 3.560  0.000 15.000
Owning a bank account 0.296 0.457  0.000 1.000
log Household Consumption Expenditure | 8.651 0.891  4.942 11.590
Willingness to remit Using Mobile Money | 0.055 0.228  0.000 1.000
Willingness to Save Using Mobile Money 0.098 0.298  0.000 1.000

Table 3: Summary statistics for 2014

Mean Sd Min Max
Any Transfer Received 0.111  0.314  0.000 1.000
Any Transfer sent 0.036  0.185  0.000 1.000
Any mobile money deposit 0.108 0.311  0.000 1.000
Value of mobile money Balance 26.057 78.253  0.000 1500.000
Any mkesh Transaction 0.273  0.446  0.000 1.000
Age 38.653 14.509 17.000 93.000
Gender 0.609  0.488  0.000 1.000
Province 2.159  0.612  1.000 3.000
Treatment Status 0.422  0.494  0.000 1.000
Years of education 5.566  3.560  0.000 15.000
Owning a bank account 0.296  0.457  0.000 1.000
log Household Consumption Expenditure | 8.651  0.891  4.942 11.590
Willingness to remit Using Mobile Money | 0.055  0.228  0.000 1.000
Willingness to Save Using Mobile Money 0.098 0.298  0.000 1.000

Tables 1, 2, and 3 in the Appendix report summary statistics of the main variables

used in our analysis in this article. The descriptive statistics show that the average age
and share of women in our study population is stable across the 3 rounds of surveys at
approximately 38 years with women representing 60% of the study population. In Table
1, results from the mobile money game show that 11% of the participants are willing to

send remittances through mobile money while 13% are willing to save using mobile money.
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However, in 2013 as reported in Table 2, these numbers fell to 6% and 10% respectively.
Finally, Table 3, reported that in 2014, approximately 15% of the sample was willing to save
using mobile money while only 8% was interested in using mobile money to send remittances
to their friends and relatives in urban areas. Additionally, I report summary statistics of
the mobile money administrative data records. It can be observed that there were high
adoption and usage rates of mobile money; in 2012 34% of the sample performed any mobile
money transaction. Although the number of individuals who processed any mobile money
transaction using their mobile phone numbers slightly decreased to 29% in 2013, it increased
to 39% in 2014. Furthermore, in terms of performing specific transactions, on average 12%
of respondents are observed to have sent at least a transfer in 2013 while approximately 9%
made a mobile money cash-in in the same year. In 2013, on average 6% of our sample sent
funds using mobile money compared to 12% that cashed-in money on their mobile money
accounts. Lastly, 11% on average cash-ined their money on mobile money in 2014 whereas It
can be observed that on average only 4% of our study population sent at least one transfer

using their mobile money accounts.

6 Estimation Strategy

I use a Linear Probability Model (LPM) to examine the relationship between the outcomes

of the adoption games and real-life mobile money adoption behavior, as shown below:
Yir = a+ BXi;s + ¢Z +nC + ey (1)

Where ;

Y;1 — is the dependent variable; I use 5 administrative mobile money data variables of
interest, namely any mobile money transaction, any transfer sent, any transfer received, any
mobile money cash-in, and the mobile money balance of individual i in year t.

X;+ — variable of interest and f is the coefficient of interest, which measures whether
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the willingness to save or remit using mobile money in our game by individual i in year t
predicts mobile money usage in the administrative data by individual i in year t+1.

7/ - vector of demographic controls including education, household consumption expen-
diture, owning a bank account, and gender.

C- community controls which include treatment village and province-fixed effects

€i ¢ - €rror term

Equation 1 includes individual demographic and community-level controls to account
for potential biases in our estimates. Based on an existing study by Batista and Vicente
(2020a) the sample in the same experiment to study adoption patterns found that individual
characteristics such as years of education completed and owning a bank account as key de-
terminants of adopting mobile money. In contrast, Jack and Suri (2011) found that gender,
household consumption expenditure, education level, and owning a bank account signifi-
cantly influenced the decision to adopt mobile money in Kenya. Additionally, I control for
the treatment status of an individual because as part of the intervention, the treated villages
learned about the benefits of mobile money, were helped to open a mobile money account,
and had mobile money agents recruited in their villages. In addition, an earlier study by
Munyegera and Matsumoto (2016) found an association between proximity to mobile money
agents and usage of mobile money. I also include province- fixed effects to account for differ-
ences in characteristics across provinces which could affect an individual’s decision to adopt
or use mobile money. It should be noted that in all our regressions, I used clustered standard
errors to account for potential correlations between participants in the same Enumeration

Area and include year-fixed effects.
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Table 4: Any mobile money transaction and willingness to save with mobile money

7 Results and Discussion

7.1 Savings Game and Administrative data

Table 4 reports the results of regressions that use the revealed willingness marginal to save
using mobile in the game to predict any mobile money transactions. Any mobile transaction
is a dummy variable equal to 1 if an individual made any mobile money transaction. Focusing
on columns 7-9, where I include both demographic and community controls, I find that in
2012 individuals willing to save using mobile money were predicted to have a 14% increase
in the probability of carrying out any mobile money transaction. This coefficient increased
to 19% in 2013 and decreased to 9% in 2014. Columns 1-9 show that willingness to save
using mobile in the game is a strong predictor of adopting mobile money technology and

these estimates are significant at a 1% level.

Table 5: Any mobile money cash-in and willingness to save with mobile money

Dependent variable: Any mobile money cash-in

) @) @) () 5) (©) ) ®
2012 2013 2014 2012 2013 2014 2012 2013 2014
Willingness to Save Using Mobile Money 0.289%** 0.569%%F  0.440%FF  0.289%%F  (.569%F¥  (0.440%FF  0.221%FFF  (0.478%FF  (.362FF*F
(0.0435) (0.0463)  (0.0416)  (0.0435)  (0.0463)  (0.0416)  (0.0404) (0.0476) (0.0412)
_cons 0.0670%+* 0.0597*F% 0.0521%%*  0.0670***  0.0597***  0.0521*** -0.0618** -0.0333  -0.0262
(0.0106) (0.0113) ~ (0.0103)  (0.0106)  (0.0113)  (0.0103)  (0.0277) (0.0371) (0.0289)
Observations 1819 1263 1326 1819 1263 1326 1819 1263 1326
R-squared 0.100 0.280 0.234 0.100 0.280 0.234 0.204 0.334 0.310
Demographic controls NO NO NO YES YES YES YES YES YES
Community controls NO NO NO NO NO NO YES YES YES
Note: All the above regressions include year fixed effects and were estimated using LPM. The coefficients of our regressions are shown in the table with standard errors clustered at the EA level reported in parentheses.

The observations are at an individual level in a given year from 2012 to 2014. The dependent variable is a dummy variable that takes a value of 1 if the respondent made any mobile money deposit. Specifications (4), (5),
(6) include demographic controls while Specifications (7), (8), (9) include both demographic and community controls namely province and treatment status. The control variables are either indicated by 'yes if included in
the regressions or 'no’ if not included.

Table 5 shows how the behavioral willingness to save using mobile money measured in
the game predicts the probability of making a mobile money cash-in. In Column 1 I find
that willingness to save using mobile money in the game increases the probability of making
a mobile money cash- in by 29% on average in 2012 the year mobile money was introduced,
keeping other factors constant. This coefficient increased to 57% in 2013 and later decreased

to 44% in columns 2 and 3, respectively. However, these estimates are biased because I do
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not control for other factors that may be driving these results.

Next, in columns 4, 5, and 6, I run the same regressions but include demographic controls
such as education, household consumption expenditure, bank account ownership, and gender.
I find that the coefficient in column 4 remains constant at 29% but slightly changes to 58%
and 41% for 2013 and 2014, respectively. In the final columns 7-9, I add both demographic
and community controls in our specifications as shown in Equation 1 , these estimates slightly
decrease but remain statistically significant at a 1% level. These results suggest a positive
association between marginal willingness to save using mobile money and making mobile
money cash-ins as shown by the increased likelihood of making mobile money cash-ins. I
assume that based on how mobile money is operated and the setup of our saving game,
making cash-ins on one’s mobile money account is a form of saving money on the mKesh
account.

Table 6: Value of Mobile money balance and willingness to save with mobile money

Dependent variable: Value of mkesh balance

(1) (2) ®3) (4) (5) (6) (7) (8) (9)
2012 2013 2014 2012 2013 2014 2012 2013 2014
Willingness to Save Using Mobile Money 29.00%3* 83.94%  43.63%*F  29.00%**  83.94%  43.63%F* 17.93%%  62.23  19.04
(7.499) (49.67)  (11.44)  (7.499)  (49.67)  (11.44) (6.884) (48.30) (12.00)
_cons 13.17%%% 13.91%8%F - 22.44%%% 13 17FF*  13.91%%%  22.44%F* 1822  -15.66 -0.759
(1.851) (1.912)  (3.431) (1.851) (1.912)  (3.431) (3.020) (20.72) (5.372)
Observations 1819 1263 1326 1819 1263 1326 1819 1263 1326
R-squared 0.0380 0.0195 0.0295 0.0380 0.0195 0.0295 0.158  0.0286  0.129
Demographic controls NO NO NO YES YES YES YES YES YES
Community controls NO NO NO NO NO NO YES YES YES

Note: All the above regressions include year fixed effects and were estimated using LPM. The coefficients of our regressions are shown in the table with standard errors clustered at EA level reported
in parentheses. The observations are at individual level in a given year from 2012 to 2014. The dependent variable is the mKesh Balance in a respondent’s mobile money account in Mozambican local
currency know as meticais (MNZ). Specifications (4), (5), (6) include demographic controls while Specifications (7), (8), (9) include both demographic and community controls namely province and
treatment status. The control variables are either indicated by "yes’ if included in the regressions or mo’ if not included.

Table 6 reports how the preference to save using mobile money as measured in the game
predicts having a balance in a respondent’s mobile money account. The outcome variable
is the mKesh account balance in the Mcel mobile money transactions dataset at Individual
level. The results in columns 1-3, show that that willingness to save using mobile money
predicts having a balance in the mobile money account in 2012, 2013, and 2014. It is
important to note that these regressions do not include any controls. To get more precise

estimates, I added individual characteristics as controls to the above specification for results
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in columns 4-6.1 find that willingness to save using mobile money as

measured in the game on average increases the mobile money balance by 30 MNZ in
2012. In column 8 , I do not find any significant effect of willingness to use mobile money as
a saving platform on the cash balance left in the mobile money at the end of 2013. In 2014,
the marginal willingness to save using mobile money increased the mKesh balance kept on
the mobile money account to 44 MNZ (as shown in Colum 6) In columns 7- 9, I consider
additional factors that could bias our previous estimates in columns 4-6 such as treatment
status and the province of a respondent. I find that willingness to save using mobile money
increased the mKesh balance by 19 MNZ in 2012 and 21 MNZ in 2014. These coefficients

are statistically significant at 5% and 10% levels, respectively.

7.2 Remittances Game and Administrative data

Another dimension captured in the games was the willingness to remit using mobile. Mobile
money provides a fast, low cost and secure channel through which remittances can be sent to
friends and relatives. In this section, I test whether individuals who show a higher willingness
to remit using money in the remittance game , sent transfers, received transfers, or make any

transactions using their mobile money accounts. Finally, Table 4 reports how the behavioral

Table 7: Any Mobile money transaction and willingness to Remit using mobile money

Dependent variable: Value of mkesh balance

M @ ©® @ ® ©® O ® o
2012 2013 2014 2012 2013 2014 2012 2013 2014
Willingness to remit Using Mobile Money 0.155%** 0.520%F% (0.422%%*% (0. 155%%*  (0.520%F*  (0.422%**  _0.0168 0.196*** 0.161%**
(0.0540) (0.0565)  (0.0633) (0.0540) (0.0565) (0.0633) (0.0346) (0.0484) (0.0422)
_cons 0.331%%* 0.287%F%  (0.280%%*  (.331%**  (.287***  0.280%**  0.0189 0.0605 -0.0139
(0.0410) (0.0370)  (0.0374) (0.0410) (0.0370) (0.0374) (0.0239) (0.0422) (0.0409)
Observations 1303 889 882 1303 889 882 1303 889 882
R-squared 0.00961 0.0665 0.0571 0.00961 0.0665 0.0571 0.690 0.575 0.625
Demographic controls NO NO NO YES YES YES YES YES YES
Community controls NO NO NO NO NO NO YES YES YES

Note: All the above regressions include year fixed effects and were estimated using LPM. The coefficients of our regressions are shown in the table with standard errors clustered at EA level reported in
parentheses. The observations are at individual level in a given year from 2012 to 2014. The dependent variable is a dummy variable that takes a value of 1 if the respondent conducted any mobile money
transaction. Specifications (4), (5), (6) include demographic controls while Specifications (7), (8), (9) include both demographic and community controls namely province and treatment status. The control
variables are either indicated by ’yes’ if included in the regressions or 'no’ if not included.

willingness to remit using mobile money measured using our game predicts the probability

of making any mobile money transaction. First, in columns 1-3 I find a positive relationship
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between willingness to send remittances through mobile money and conducting any mobile
money transaction in the administrative data without any controls. Furthermore, when
I include demographic controls in columns 4-6, the estimates keep the same approximate
magnitude and remain statistically significant at a 1% level.

However, in column 7, when I include both demographic and community controls our
estimate for 2012 becomes statistically insignificant. This result means that willingness to
remit in the game is a weak predictor of mKesh usage in the year mobile money was launched.
Interestingly, in columns, 8 and 9 under the same specification, I find that willingness to
remit using mobile money is associated with an 18% increase in the probability of performing
any mobile money transaction in Column 8. This probability decreases to 14% in 2014 but

is significant at a 10% level in Colum 9

Table 8: Any Mobile money transfer sent and willingness to Remit using mobile money

Dependent variable: Any transfer sent

0 ® ® 0 B © GG ©)
2012 2013 2014 2012 2013 2014 2012 2013 2014
Willingness to remit Using Mobile Money 0.0902** 0.345%F% (0.322%%% 0.0902%*  0.345%**F  0.322%**  0.0195  0.290%*%*  0.291%**
(0.0396) (0.0646)  (0.0575)  (0.0396)  (0.0646)  (0.0575)  (0.0325) (0.0652)  (0.0548)
_cons 0.132%%* 0.0429%%*  0.0209%**  0.132%**  0.0429%**  0.0209***  -0.0333  -0.0134  -0.0586***
(0.0185) (0.0101)  (0.00509) (0.0185)  (0.0101)  (0.00509) (0.0284) (0.0324)  (0.0212)
Observations 1303 889 882 1303 889 882 1303 889 882
R-squared 0.00580 0.106 0.168 0.00580 0.106 0.168 0.226 0.154 0.204
Demographic controls NO NO NO YES YES YES YES YES YES
Community controls NO NO NO NO NO NO YES YES YES

Note: All the above regressions include year-fixed effects and were estimated using LPM. The coefficients of our regressions are shown in the table with standard errors clustered at EA level reported in
parentheses. The observations are at individual level in a given year from 2012 to 2014. The dependent variable is a dummy variable that takes a value of 1 if the respondent sent any mobile money transfer.
ons (4), (5), (6) include demographic controls while Specifications (7), (8), (9) include both demographic and community controls namely province and treatment status. The control variables are

Specific
either indicated by yes’ if included in the regressions or mo’ if not included.

Table 8 presents how willingness to use mobile money as a remittance channel as measured
in the game predicts sending any transfers through mkesh. The dependent variable used for
all the regressions in the table is a dummy variable equal to 1 if an individual sent any transfer
using their mobile money account. I include both demographic and community controls in
columns 7-9, first, I show that on average willingness to remit using mobile money does not
affect sending mobile money transfers in 2012. However, in 2013 willingness to remit using
mobile money increased the probability of using mKesh to send a mobile money transfer by
27%, and one year later in 2014 this effect increased to 30%.

These findings suggest that individuals who are willing to send funds using mKesh in
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the game are more likely to use mobile money in real life to send money to individuals
in their networks one year later after mobile money has been introduced. Additionally, It
can be observed in column 7 that when I add community controls to demographic controls
to the previous specification in columns 4-6, this is when the estimate for 2012 becomes
insignificant, implying a participant’s treatment status has a strong effect on who uses mobile

to send remittances.

Table 9: Any Mobile money transfer received and willingness to Remit using mobile money

Dependent variable: Value of mkesh balance

(1) 2 (3) (4) (5) (6) W) (3) (9)
2012 2013 2014 2012 2013 2014 2012 2013 2014
Willingness to remit Using Mobile Money 0.121%* 0.398%F% (0.244%%%  (.121%%  0.398%*F  0.244%FF  0.0107  0.264%F*  0.123**
(0.0496) (0.0722)  (0.0636)  (0.0496) (0.0722) (0.0636) (0.0415) (0.0767) (0.0589)
_cons 0.212%%* 0.112%F%  0.129%%F  0.212%%%  0.112%%*  0.120%**  0.0226 0.0578  -0.0233
(0.0277) (0.0181)  (0.0198) (0.0277) (0.0181) (0.0198) (0.0339) (0.0369) (0.0369)
Observations 1303 889 882 1303 889 882 1303 889 882
R-squared 0.00749 0.0702 0.0322 0.00749 0.0702 0.0322 0.371 0.229 0.238
Demographic controls NO NO NO YES YES YES YES YES YES
Community controls NO NO NO NO NO NO YES YES YES

Note: All the above regressions include year fixed effects and were estimated using LPM. The coefficients of our regressions are shown in the table with standard errors clustered at the EA level reported in
parentheses. The observations are at individual level in a given year from 2012 to 2014. The dependent variable is a dummy variable that takes a value of 1 if the respondent sent any mobile money transfer.
Specifications (4), (5), (6) include demographic controls while Specifications (7), (8), (9) include both demographic and community controls namely province and treatment status. The control variables are
either indicated by "yes’ if included in the regressions or 'no’ if not included.

In Table 9, I explore the association between willingness to remit using mobile money in
the game and receiving remittances. In all the regressions for Table 6, the dependent variable
is an indicator variable equal to one if an individual received any mobile money transfer,
I also include demographic controls in columns 4-6 and then add both demographic and
community controls in columns 7-9. First, in column 8, I find that the marginal willingness
to remit through mobile money on average increases the likelihood of receiving transfers using
mKesh account by 26%. This coefficient is statistically significant at a 1% level. In column
9, I find a positive weak correlation between willingness to remit using mobile money and
receiving funds through mobile money statistically significant at the 10% level. However, in
column 7, I do not find any significant relationship between behavior in the remittance game
behavior and receiving any transfer. These results suggest that the marginal willingness to
transfer funds using mobile money is a weak predictor of receiving funds through mobile
money. The significant effect I found in 2013 could be attributed to the large volume of

remittances that were sent to help villages in our sample cope with the impacts of a large
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flood.

7.3 Saving game discussion

The significantly positive predictive power of the behavioral willingness to save relative to
making mobile money cash-in starting in 2012 shows the effectiveness of our approach in
forecasting mobile money adoption. Furthermore, I showed that the willingness to save using
mobile money in the game has a significant predictive power on mobile money balances only
in 2012 and 2014. The insignificant relation between the behavioral willingness to save using
mKesh as measured in the games and the actual mobile balance in 2012 may be a result of

the large floods that affected households in our sample.

7.4 Remittances game discussion

When it comes to the remittance games, I found that willingness to remit using mobile
money is still a valuable predictor of carrying out any mobile money transactions, sending
remittances, or receiving remittances, although its predictive power is lower than that of the
savings game. The slow adoption of mobile money to send remittances in the year it was
launched in the villages in our sample is a possible mechanism explaining the initially low
predictive power of the games in 2012 and how it grows over time. I assume that respondents
took time to adapt to using their mKesh accounts to send money since most of the individuals
in our sample have low levels of education. It can be observed from the summary statistics
Tables 1, 2, and 3 that the average years of schooling in the study population is 6 years,
yet education is one of the factors that influence mobile money adoption in our sample as
illustrated Batista and Vicente (2020a).

Conversely, in 2013 and 2014, I found that the marginal propensity to save using mobile
money in the games was a strong predictor of sending transfers using mKesh. Unlike the
findings of Lee et al. (2024) whose study in Bangladesh found that people in rural areas are

less likely to send remittances via mobile money which they attributed to the low-income
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status of rural households in their experiment.

In Table 6, I also showed that willingness to transfer funds through mobile money is a
strong predictor of receiving funds via mobile money and statistically significant at a 1%
level in 2013. A similar finding is documented by Batista and Vicente (2023) who showed
an increased number of remittances received by households in our sample in 2013 one year
after they were affected by a large flood. However, in 2014 two years after the flood, the
probability of receiving remittances decreased to 14% and statically significant at a 10%
level. It is important to note, that in the context of our remittance game, sending money to
relatives in the city could be a signal of a secure channel through which remittances could
be sent. And when support is urgently needed from relatives in urban areas, mobile money
is preferred over other channels by urban migrants. In the appendix section of this article, I
include heterogeneous effects to account for other factors such as gender, access to financial
services proxied by bank account ownership, education, and exposure to floods and how they

impact decisions made in the game and their ability to predict mobile money.

8 Concluding remarks

To the best of my knowledge, this is the first paper that uses behavioral games to predict
mobile money adoption. I tested a behavioral approach to measuring the adoption of a new
financial technology, which can be extended to technology adoption studies in other sectors
such as agriculture, health, or education. This behavioral measurement strategy can be
considered an alternative to surveys as a measure of adoption of new technologies, especially
when no administrative data on technology adoption is readily available. Another advantage
is that this behavioral measurement approach can be done before any actual adoption is done.

I found that the willingness to save using mobile money measured using games is a strong
predictor of conducting any mobile money transaction and of making a mobile money cash-

in. The marginal willingness to remit using mobile money measured in our games is also a
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good predictor of mobile money adoption, namely making any mobile money transactions
or sending transfers. Overall, the method proposed by this paper can be used by researchers
and policymakers to predict cost-effectively the willingness of populations to adopt a novel
technology, even in isolated rural areas. Future studies could extend our methodology to
examine how adoption decisions are made regarding more specific mobile money platform
utilization patterns, such as remote payments or microcredit, and in different sectors, such

as adopting new technologies, especially in agriculture, health, or education.
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