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link between MP ownership and poverty reduction
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using nationally representative panel data and fixed
effect models to account for confounding factors and
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ownership is associated with increased income diversi-
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resilient income portfolio by decreasing transaction
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gating poverty in rural regions.
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1 | INTRODUCTION

In developing nations, the widespread adoption of mobile phones (MPs) has played a significant
role in fostering economic development. Bangladesh has witnessed a substantial increase in MP
subscriptions. According to Figure 1 from the World Bank (2023), the MP subscription rate
reached nearly 100% in 2019, a notable leap from the less than 50% recorded in 2010. Mobile
technologies are expected to spearhead economic growth by enhancing productivity and effi-
ciency across various sectors of the economy. For example, MP ownership is positively associ-
ated with the likelihood of participating in some types of off-farm work and can generate
income opportunities by supporting labor market participation, expanding social networks, and
reducing household exposure to risk (Aker & Mbiti, 2010). It also improves farmers' access to
critical information on weather, farming techniques, and market prices (GSM Association, 2021;
Sekabira & Qaim, 2017a, 2017b; Zheng & Ma, 2021). Furthermore, mobile platforms lead to
human capital development by enabling remote delivery of academic lessons, reading materials,
and knowledge dissemination (Asongu & Nwachukwu, 2016; GSM Association, 2021).

100

80

Share

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

FIGURE 1 Expansion of mobile phone subscription in Bangladesh last 10 years. Mobile cellular
subscriptions (per 100 people). Source: Calculated by authors from the World Bank (2023). [Colour figure can be
viewed at wileyonlinelibrary.com]
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Little is known about whether MP ownership increases income diversification, which is a
possible economic channel for alleviating poverty and vulnerability (Yang et al., 2023). Rural
households in developing nations frequently rely on agriculture as their primary source of liveli-
hood. However, the vulnerability of agricultural income to fluctuations in prices and weather
conditions may prompt many to seek supplementary income through off-farm economic activi-
ties. The pursuit of such opportunities can be hindered by high transaction costs. The growing
ownership of MPs has the potential to alleviate these transaction costs. It is thus important to
recognize the significance of mobile technology and investigate the relationship between MP
ownership, income diversification, and poverty reduction to draw critical policy implications in
developing countries.

In this paper, we examine how MP ownership influences income diversification and con-
tributes to reducing poverty, considering both monetary and nonmonetary dimensions of pov-
erty. Furthermore, in addition to examining the overall average effect of MP ownership, we
explore the heterogeneity of associations to socioeconomic and geographical conditions.
We employed a recent nationally representative panel dataset of rural households in Bangla-
desh spanning 7 years from 2012 to 20109.

A substantial amount of literature exists on the relationship between household welfare and
ownership of MPs. Numerous studies have identified a positive correlation between ownership
and usage of MPs and household welfare (Asongu, 2015; Ma et al., 2018; Matsuura et al., 2024;
Miyajima, 2022; Munyegera & Matsumoto, 2016; Rajkhowa & Qaim, 2022; Sekabira &
Qaim, 2017a, 2017b). However, less is known about the effect of MP ownership on income
diversification. To the best of our knowledge, only Leng et al. (2020), Ma, Grafton, and Renwick
(2020), and Rajkhowa and Qaim (2022) have examined the effects of MP usage or adoption of
information and communication technology (ICT) on income diversification or off-farm
employment. Moreover, the effects of MP ownership on both monetary and nonmonetary pov-
erty have been documented, but the mechanism behind poverty reduction and the heteroge-
neous effect of MP ownership on poverty remains unclear.

The paper has three main contributions. First, it presents the first empirical evidence on
whether ownership of MPs reduces poverty channeled by income diversification in Bangladesh.
It examines the implications of these findings for policymakers. Second, it uses a new nationally
representative panel household dataset, which enables the control of time-invariant unobserved
heterogeneity at a household level, to produce robust evidence in a South Asian context. Three,
we examine the heterogeneous impact of MP ownership to determine which groups benefit the
most from owning MPs, yielding more appropriate policy recommendations.

We find that MP ownership enhances income diversification as well as alleviates both mon-
etary and nonmonetary poverty. MP ownership has a positive association with farm income,
off-farm self-employment income, off-farm employment income, and non-earned income.
Increases in farm income, off-farm self-employment income, and non-earned income are found
to play a role in reducing monetary poverty while off-farm self-employment income is observed
to reduce nonmonetary poverty. Furthermore, heterogeneity analyses reveal that households
with less educated heads and those situated in relatively impoverished regions derive benefits
from MPs. The findings indicate that MP ownership is a means of diversifying income and
improving the overall welfare of the rural community.

The rest of this article is organized as follows. Section 2 presents the data, key variables, and
empirical framework including the identification strategy and model specifications. Section 3
presents materials and methods. Section 4 presents the empirical results and discussion. In
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Section 5, the results of robustness checks are discussed while Section 6 concludes with policy
implications and suggestions for future research.

2 | CONCEPTUAL FRAMEWORK

Mobile phones have the potential to reduce transaction costs and improve communication with
potential employers and business partners as well as provide better access to helpful market
information. As a result, households have more options to diversify their income
sourcesincluding on-farm and off-farm jobs, which reduce poverty and thus improve household
welfare. The conceptual model is specified as follows:

W:f(D(MP’X)’X;Z)’ (1)

where W is poverty status of households, D is decision of income diversification, MP is the
mobile phone ownership, X is the vector of covariates, and Z is the vector of unobserved charac-
teristics. The covariates include sex of a household head, age of the household head, household
size, education level of the household head, size of farmland held by the household, livestock
ownership, and access to the nearest town. Therefore, the impact of MP ownership and income
diversification is described as follows:

df(D(MP,X),X;Z)
aD

<0. (2)

MPs are hypothesized to influence income diversification decisions, denoted by D(MP,X),
similar to Leng et al. (2020) who show that ICT adoption enhances income diversification. In
our conceptual framework, income diversification plays a role in the “push” factors that reduce
transaction costs at labor market as well as the risks and uncertainties of agricultural market-
ing. We, thus, hypothesize ‘Z—‘g <0 in Equation (2). The conceptual framework is also depicted
in Figure 2. The flow from MP to income diversification in Figure 2 presents D(MP,X) which
suggests that MPs affect the decision of income diversification. Income diversification would be
enhanced by the reduction of transaction cost along with the risks and uncertainties of the agri-

cultural and labor market, and better access to information. The arrow from income

) Income Poverty
Mobile phone diversification reduction
{ ] ]
) » Resilient income
* Reduction of portfolio

transaction cost
* Reduction of risks
and uncertainties
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* Reduction in income
inequality due to off-
farm income

FIGURE 2 Conceptual framework. Source: Authors' design. [Colour figure can be viewed at
wileyonlinelibrary.com]
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diversification to poverty reduction in Figure 1 describe that income diversification induces pov-
erty reduction, meaning ‘;—'g’ < 0. Higher and more resilient income will likely result in a reduc-
tion in the incidence and depth of poverty, and non-monetary poverty thereby improving
household welfare.

3 | MATERIALS AND METHODS
3.1 | Data

We use nationally representative household panel surveys conducted in 2011-2012 (hereafter
2012) and 2018-2019 (hereafter 2019) titled the Bangladesh Integrated Household Survey (BIHS)
designed and supervised by the International Food Policy Research Institute. The sample is rep-
resentative of rural Bangladesh as well as of the seven divisions of the country (Ahmed & Tau-
seef, 2022; Islam et al., 2018). The sample design of the BIHS follows a two-stage stratified
sampling procedure. Following the community series of the 2001 Population and Housing Cen-
sus of Bangladesh, 325 villages were randomly selected in the first stage and constituted the pri-
mary sampling units (PSUs). Then, from each PSU, 20 households were selected at random for
the second stage (Ahmed & Tauseef, 2022). The original sample size in the 2012 round was
6503 households in 325 PSUs allocated among seven divisions while the sample size in the 2019
round was 5604 households. For this study, we use the balanced subsample of rural households
which were interviewed in both survey rounds, resulting in 7636 observations from 3818 house-
holds as shown in Table 2." Since our analysis uses panel data, our estimates would be biased if
the attrition is associated with some household characteristics. However, Ahmed and Tauseef
(2022) shows that the attrition between 2012 and 2019 was random. Therefore, the estimates
presented in this paper are not adjusted for attrition.

3.2 | Measurement of key variables

The main explanatory variable of interest is MP ownership.” We consider a household to be a
MP owner if at least one household member owns a MP during a survey year. We construct
a dummy variable of MP ownership at the household level which is equal to 1 if the household
owns a MP and 0 otherwise.

For outcome variables, we are particularly interested in income diversification and mea-
sures of monetary and nonmonetary poverty. We introduce an income diversification index that
is derived from the Simpson index, usually used to indicate the degree of diversity (Asfaw
et al., 2019; Matsuura et al., 2023), as shown below:

Simpson=1— ZZ:1 {%k} ’ (3)

where sy, is income for income k, and S is total income. The index ranges from [0,1] with higher
values indicating a more diversified household, while a fully specialized household would have
a value of 0. We divide 12 monthly income sources into categories of farm income, farm wage,
nonfarm wage, nonfarm self-employment, and non-earned income which includes remittance
and social network program transfer, and so forth, following Khandker (2012). Table 1 shows
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the breakdown of the household income sources by MP ownership. Results indicate that the
share of nonfarm income including nonfarm wage, and nonfarm self-employment is more than
50% of the total income of households.

Our second outcome of interest, namely the monetary indicators of poverty, constitutes of
two indicators derived from the FGT class of poverty measures (Foster et al., 1984), that is, the
poverty headcount and poverty gap measure. The measures are defined in the following man-
ner: Let s= (s1,52,...,S,) be the income distribution among n households, where s; >0 is the
income of the household i. The poverty line is denoted by z ($1.90 per person per day).
The household i is poor if s; <z. The normalized deprivation of household i who is poor with
respect to z is given by the relative shortfall from the poverty line:

a
Z—5i
d;l:( ) ’
Ve

where «a is a parameter. When o =0, we get the incidence or headcount rate of poverty since
the normalized deprivation is always set equal to 1 for all the poor. When a =1, the normalized
deprivation reflects the “Poverty gap” or “Depth of poverty”, with a higher value of d; being
assigned to poorer households. We used the US $1.90 per person per day international poverty
line, which is the standard for low-income countries, converted to local currency (Bangladesh
Taka) using the 2011 Purchasing Power Parity (PPP) exchange rates.’ The normalized depriva-
tion score for the rich, that is, those whose income weakly exceeds z, is set equal to
0 (Tauseef, 2022).

To obtain a more comprehensive understanding of household well-being, we additionally
consider non-monetary dimensions of deprivation, such as education, health, and living stan-
dards. We use the Alkire and Foster (AF) counting approach to construct a multidimensional
poverty index (MPI) which is similar to the global MPI published by the Oxford Poverty and
Human Development Initiative and adopted by the United Nations Development Program
(Alkire et al., 2018). The MPI score is calculated using three dimensions of welfare which
includes health, education, and living standards. The indicators used for health are the nutri-
tion status of the household members and dietary diversity in the household, for education,
years of schooling of household members and school attendance for school-aged children, and
for living standards, cooking fuel, sanitation, drinking water, electricity, housing condition,
and assets.” Table SA2 shows the dimensions of the MPI as well as the detailed definition of the
indicators included in each dimension.

Table 2 shows the number of households owning and not owning MPs in our sample. In
2012, about 23% of households in our sample did not own a MP which dropped to 2% in 2019,
indicating wide adoption of MPs in rural Bangladesh over this period. Over the same period,
the prevalence of poverty in our sample, calculated using the FGT measure and $1.90 per

TABLE 2 Number of households by mobile phone ownership.

2012 2019
Nonownership 877 (23%) 58 (2%)
Ownership 2941 (77%) 3.760 (98%)
Total 3818 3818

Note: Authors' calculations from BIHS 2012 and 2019.
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FIGURE 3 Poverty rate of division by year. Authors' calculations from BIHS 2012 and 2019. The poverty rate
is estimated as stated in Section 3.2.

person per day poverty line, decreased from 13% in 2012 to about 7% in 2019, as shown in Fig-
ure 3. Considerable regional heterogeneity exists in the rate of poverty with Rangpur Division
having the highest poverty rate compared to the other six divisions, which is consistent with
trends seen in national statistics (see, e.g., Bangladesh Bureau of Statistics, 2023). In subsec-
tion 3.4, we examine the geographical heterogeneity of the effect of MP ownership on economic
resilience through income diversification, especially in the poorest division, Rangpur. Further
descriptive statistics of the whole sample are presented in Table 3.

3.3 | Empirical strategy

3.3.1 | Association among MP ownership, income diversification, and
poverty

Given the above preliminaries, we estimate the following panel data models to examine the
effect of MP ownership on income diversification and household poverty:

Dy = p, + f1MPi + B, X + a; + b + &4, (4)
Yi=y,+71MP; +7y,Xit +a; +t; + &, (5)

where D;; is the income diversification index (Simpson index) derived from each income source
shown in Table 1; Y;; denotes is the outcome variables, namely poverty headcount, depth of
poverty, and MPI score which are estimated in separate specifications; X;; a vector of controls
which includes household characteristics; a; and ¢, are household and year fixed effects (FE),
respectively; and ¢ is an error term. Both Equations (4) and (5) are estimated by ordinary least
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squares methodology with FE. We are particularly interested in the coefficients for MP owner-
ship, that is, the estimates for ; and v,. For f;, a positive and statistically significant coefficient
would imply that MP ownership significantly accelerates income diversification, while negative
y; would imply that MP ownership significantly reduces monetary and non-monetary poverty,
after controlling for other factors included in the vector Xj. In the regression analysis, we do
not differentiate between farm households and nonfarm households, but we include a control
farmland size, as this may influence the likelihood of employment opportunities.

Moreover, MP ownership can be negatively associated with poverty through various mecha-
nisms, of which income diversification is a path. MP expansion is associated with farm incomes,
off-farm income, and non-earned income (Aker & Ksoll, 2016; Fu & Akter, 2016; Rajkhowa &
Qaim, 2022). To assess whether income diversification is a relevant mechanism and which
income sources play an important role, we additionally estimate the following model:

Yii =0, +0,MPy; +0,Dy + 0: X +a; + £, + €. (6)

In this regression, 6, should be negative and statistically significant when Dy, is the income
diversification index, which would imply that income diversification reduces monetary and
non-monetary poverty. Comparing the estimates in Equation (3) and (4), |6;| < |y, | would
support our hypothesis, which MPs are negatively associated with monetary and non-monetary
poverty at least partly through the income diversification mechanism.

The main variable of interest, MP ownership, is itself a decision variable. Hence, it may be
correlated with the error term in the outcome equation because of possible self-selection into
MP ownership. Rural households can decide on the adoption of MPs on their own, thus,
unobserved factors and attributes would affect their decision making. Systematic differences
among households due to socioeconomic and demographic factors may affect their decision.
Given these conditions, the FEs estimator is a better choice because it controls time-invariant
unobserved heterogeneity (Cameron & Trivedi, 2005).

We do not consider reverse causality to be a major issue in our context, as MPs are nowa-
days used widely even among the very poor households in rural Bangladesh, including house-
holds with and without income diversification and poverty status. However, there is another
concern about dynamic causal relationships between past treatment and current outcomes.
There are two important identification assumptions of the FEs model—past treatments do not
directly affect current outcomes, and past outcomes do not influence current treatment. Imai
and Kim (2019) suggest that lagged outcomes can be included in an outcome equation to
address the correlation between past outcomes and current treatment. Unfortunately, since we
use only two rounds of data, we cannot follow the reasonable test. We emphasize that our inter-
pretation of the empirical results are associations rather than causality.

In robustness checks, we employ a doubly robust (DR) method and propensity score
matching combined with difference in difference (PSM-DID) to further reduce potential bias
due to time-varying differences between adopters and non-adopters of MPs. One potential
source of endogeneity that neither the FE estimator, the DR, nor the PSM-DID can control is
reverse causality.’

3.3.2 | Heterogeneous associations

The association between MP ownership and income diversification may vary depending on
household characteristics. Aside from the average association evaluated with Equation (4), we
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also analyze heterogeneous associations for some household characteristics, namely, education
of household head, location of residence, gender of household head, and distance to the nearest
town. We estimate heterogeneous associations using a FE model as follows:

Dyt =ny +n;MPy; +n,Xir +13MPyy X Hyy 4+ a; + t; + €5, (7)

where H;; is one of the household characteristics mentioned which is interacted with M;; (note
that Hj is also included in Xj;). The other variables are defined as before. We estimate separate
models for each household characteristic of interest with a particular focus on the interaction
term estimate ;.

4 | RESULTS AND DISCUSSION
4.1 | Descriptive statistics

Table 3 shows the mean comparison of the outcome variables between households by MP own-
ership as well as a test of the statistical significance of the difference in mean between MP
owners and non-owners. These descriptive statistics suggest that MP owners are more likely to
diversify income sources and have higher total household income as well as higher per capita
income than non-owners. These observed differences are consistent with findings from Sekabira
and Qaim (2017a, 2017b) and Rajkhowa and Qaim (2022). Furthermore, the incidence of pov-
erty in households owning MPs is lower than in households not owning MPs. At the same time,
the poverty gap and MPI score of households not owning MPs are worse than MP owners. It is
thus reasonable to conclude that households not in poverty can afford to own and make use
of MPs.

Moreover, Table 3 presents descriptive statistics for the socioeconomic characteristics that
are used as control variables in the econometric models, differentiating between MP owners
and non-owners. In most of the variables, we observe significant differences in MP ownership.
MP owners are likely to be younger, male, have more family members, with better educated
household heads. Furthermore, households who own MPs have larger farmland than house-
holds not owning MPs. A detailed description of the variables is provided in Table SA3. The
covariates are chosen based on relevant literature such as Leng et al. (2020), Rajkhowa and
Qaim (2022), Fowowe (2023), Ma et al. (2023), and Amber and Chichaibelu (2023).

4.2 | Association between MP ownership and income diversification

Table 4 presents the regression results of Equation (4) from Section 3.3.1. We find that MP own-
ership has a positive and statistically significant association with income diversification (see
Column 1). Ownership of MPs is associated with a 3.1% higher likelihood of having income
diversification as measured by the Simpson index.” This suggests that owning a MP enhances
the income diversity of rural households and contributes to building resilience in livelihoods.
Given that we find MP ownership to increase income diversification, we further decompose
the relationship between MP ownership and income diversification by different income sources.
Column 2 shows that MP ownership increases the income of those in farm self-employment,
that is, income from agricultural production, while it decreases income from on-farm
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TABLE 4 Association between MP ownership and income diversification (FE model).

@ ) 3 “ 3 (6)
Income source
Off-
Income Farm Off- farm Non-
diversification = Farm self = wage farm self  wage earned
MP ownership 0.031** (0.013) 0.343* —0.505** 0.433%%* 0.729%** 0.628***
(0.204) (0.199) (0.159) (0.207) (0.210)
Female —0.152%** —1.165%** —1.572%** —2.832%F* —1.645%** 3.969%**
household (0.016) (0.258) (0.199) (0.227) (0.267) (0.270)
head
Age of HH 0.001 (0.001) 0.025%** —0.018** 0.014* —0.003 0.039%**
(0.009) (0.008) (0.008) (0.010) (0.011)
Household size 0.007** (0.004) —0.107* 0.013 0.103** 0.107 —0.133*
(0.062) (0.049) (0.049) (0.071) (0.070)
Schooling year 0.001 (0.003) 0.024 —0.087** —0.011 —0.010 0.051
of HH (0.048) (0.035) (0.039) (0.047) (0.047)
Farm size 0.000*** (0.000) 0.010%** —0.003*** 0.005*** —0.001 0.002**
(0.001) (0.001) (0.001) (0.001) (0.001)
Livestock 0.035%** (0.010) 0.750%** —0.333** 0.785%*** 0.090 0.193
ownership (0.181) (0.148) (0.119) (0.178) (0.194)
Access to —0.000 (0.000) 0.005 0.012%** —0.002 —0.000 —0.001
nearest town (0.004) (0.004) (0.003) (0.004) (0.005)
Household FE No No No No No No
Year x Division  Yes Yes Yes Yes Yes Yes
FE
Observations 7582 7636 7636 7636 7636 7636

Note: The models are estimated by OLS with FE. Outcome variables in Columns 2-6 are logarithm of income. Standard errors
are clustered by households in parenthesis. The number of observations in Column 1 is less than the one in Columns 2-6
because if all the income sources are 0, the index cannot be calculated resulting in missing values of the income diversification
index in Column 1.

*p <.1; **p < .05; ***p < .01.

employment in Column 3. The result is consistent with findings from Jensen (2007). In general,
the nonfarm sector offers relatively more stable wages than on-farm employment does which is
highly susceptible to changes in price and weather conditions. A plausible explanation is that
rural individuals are more inclined to engage in off-farm employment rather than on-farm
employment, owing to improved access to labor market information facilitated using MPs. Fur-
thermore, Columns 4 and 5 show that MP ownership increases off-farm income by both
employment and self-employment which is consistent with the findings from Rajkhowa and
Qaim (2022). Non-earned income also shows a positive and statistically significant association
with MP ownership, that is, MP ownership increases non-earned income which may be a conse-
quence of lower transaction costs and easy accessibility of non-earned income through MP
technologies.

In summary, MP ownership typically boosts income diversification, notably increasing
earnings from on-farm self-employment, off-farm self-employment, off-farm employment, and
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non-earned sources. We posit that the rise in these income streams could lead to a reduction in
poverty and proceed to test this hypothesis in the subsequent section.

4.3 | Association between MP ownership and household poverty

Table 5 presents the association between MP ownership and poverty, estimated using a panel
FEs model to account for the endogeneity of MP ownership. We find that MP ownership
decreases the prevalence of poverty as depicted by the statistically significant negative coeffi-
cient observed in Column 1. The probability of being poor decreased by 8.3% as a result of MP
ownership which is consistent with the poverty reduction effect of MP adoption found by
Asongu (2015). Furthermore, MP ownership is also found to reduce the depth of poverty
by about 2% meaning the poor are moving closer to the poverty line as a result of MP adoption
(see Column 2). The magnitude of the coefficient is similar to that of Beuermann et al. (2012)
for Peru. On the other hand, MP ownership has a statistically significant negative impact on
non-monetary aspects of poverty, reducing the multidimensional poverty score by 5.8% as seen
in Column 3. The findings thus suggest that the adoption of MPs not only contributes to a
decrease in monetary poverty but also has a holistic impact on welfare through a reduction in
the non-monetary dimensions of poverty.

These significant associations may be guided by an increased resilience of household income
resulting from the diversification of income sources. Table 6 shows the results of the possible
mechanisms by additionally controlling for the income diversification index in Panel A and the
different categories of income sources in Panel B. The first key result is that income diversifica-
tion itself has a negative association with poverty headcount, as seen in Column 1, while coeffi-
cients of income diversification in Columns 2 and 3 are not statistically significant. This
indicates that income diversification reduces the probability of being poor. Moreover, an

TABLE 5 Association between MP ownership and poverty (FE model).

@) () (3)

Poverty headcount Depth of poverty MPI score
MP ownership —8.325%** (1.773) —1.962*** (0.365) —5.782** (0.639)
Female household head 3.595** (1.808) 0.727* (0.404) 0.394 (0.813)
Age of HH —0.009 (0.065) —0.000 (0.016) 0.059* (0.032)
Household size 3.424%% (0.441) 0.490%** (0.087) 1.061%** (0.204)
Schooling year of HH —0.416 (0.260) —0.050 (0.062) —0.350** (0.149)
Farm size —0.012*"* (0.004) —0.002*** (0.001) —0.004 (0.003)
Livestock ownership —0.211 (1.208) —0.081 (0.225) —1.421%%* (0.539)
Access to the nearest town 0.025 (0.029) 0.004 (0.006) —0.024* (0.014)
Household FE Yes Yes Yes
Year x Division FE Yes Yes Yes
Observations 7636 7636 6972

Note: Robust standard errors clustered by households in parenthesis. The models are estimated by OLS with FE.
*p < .1; ¥*p < .05; ¥**p < .01.
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TABLE 6 Possible mechanisms underlying the effects of MP ownership on poverty (FE model).

@ 2 3
Panel A Poverty headcount Depth of poverty MPI score
Income diversification —4.077%* (2.024) —0.535(0.422) —0.689 (0.908)

index

MP ownership —8.219%** (1.775) —1.936™* (0.367) —5.708** (0.642)
Household 1 FE Yes Yes Yes
Year x Division FE Yes Yes Yes
Control variables Yes Yes Yes
Observations 7582 7582 6918

@ (5) (6)
Panel B Poverty headcount Depth of poverty MPI score
Farm self —0.204* (0.110) —0.038* (0.022) —0.037 (0.052)
Farm wage 0.472*%% (0.169) 0.080** (0.034) 0.084 (0.066)
Off-farm self —0.431** (0.167) —0.029 (0.037) —0.217%* (0.073)
Off-farm wage —0.068 (0.124) —0.004 (0.025) —0.071 (0.055)
Non-earned —0.266™** (0.093) —0.047 (0.018) —0.030 (0.047)
MP ownership —7.613%* (1.763) —1.864** (0.367) —5.578%* (0.642)
Household FE Yes Yes Yes
Year x Division FE Yes Yes Yes
Control variables Yes Yes Yes
Observations 7636 7636 6972

Note: Robust standard errors clustered by households in parenthesis. The models are estimated by OLS with FE. Control
variables used in regression models are gender of household head, age of household head, household size, schooling year of
household head, farm size, livestock ownership, access to the nearest town. A full regression table is available in Tables SA4
and SAS.

*p < .1; ¥*p < .05; *¥p < .01.

absolute value of the coefficient of MP ownership in Column 1, which is | 8; | in Equation (4), is
smaller than the one in Column 1 of Table 5, which is | y; | in Equation (5). The results confirm
that MP ownership is negatively associated with monetary poverty, at least partly through the
income diversification mechanism, as hypothesized. Our results are consistent with the findings
on welfare-enhancing effects of MPs by Munyegera and Matsumoto (2016), Sekabira and
Qaim (2017a, 2017b), Ma et al. (2018), Rajkhowa and Qaim (2022), and Miyajima (2022).

Furthermore, we investigate which income sources contribute to poverty reduction in
addition to diversifying income. In Column 4, income from on-farm self-employment, off-farm
self-employment, and non-earned income is negatively associated with poverty headcount,
indicating that such sources of income reduce the incidence of poverty. In Column 5, income
from on-farm self-employment and non-earned income are negatively associated with depth of
poverty while off-farm self-employment is significantly associated with MPI. The results con-
firm that a more diversified income source for households such as those from on-farm self-
employment, off-farm self-employment, and non-earned income is beneficial to households for
poverty alleviation.
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44 | Who benefits more from MPs?

In this section, we disentangle the relationship between MP ownership and income diversifica-
tion based on certain household characteristics to explore whether there are any heterogeneous
effects with respect to these characteristics. Using the regression specifications detailed in Equa-
tion (7) above, we interact MP ownership with the education of the household head, place of
residence, gender of household head, and access to the nearest town.

Table 7 shows the estimated coefficients on the interaction between household characteris-
tics and MP ownership. In Column 1, the coefficient of the interaction term between years of
schooling and MP ownership is negative and statistically significant implying that less educated
households are more likely to engage in income diversification when the households own MPs.
This is an insightful result that MP ownership can enhance income diversification which
improves livelihood, especially for less educated households.

Furthermore, we find that households living in Rangpur Division, which is the poorest Divi-
sion in Bangladesh (see Figure 2), benefit more from MPs than households in other Divisions as
seen from the interaction term in Column 2. This highlights the potential of MPs to reduce geo-
graphical inequality and have a pro-poor effect. It is, therefore, an important finding from a
social development perspective.

The coefficient for the interaction term between MP ownership and female household heads
in Column 3 is not statistically significant. Finally, in Column 4, we look at the access to the
nearest town measured using the time (min) it takes to travel to the nearest town center, as it
may be an alternative to MPs for accessing information on job and market opportunities. Note
that a longer time to a town indicates worse access to information. however, contrary to our

TABLE 7 Heterogeneous associations based on various household characteristics (FE model).

@) (€) 3 @

Income Income Income Income
diversification  diversification  diversification diversification

MP ownership 0.052*** (0.014) 0.017 (0.014) 0.033** (0.014) 0.042* (0.023)
Years of schooling of —0.013%**
HH x MP ownership (0.004)
Rangpur Division x MP 0.109*** (0.037)
ownership
Female-headed HH x MP —0.015 (0.032)
ownership
Access to the nearest —0.000 (0.001)
town x MP ownership
Household FE Yes Yes Yes Yes
Year x Division FE Yes Yes Yes Yes
Control variables Yes Yes Yes Yes
Observations 7582 7582 7582 7582

Note: Robust standard errors clustered by household in parenthesis. The models are estimated by OLS with FE. Control
variables used in regression models are a gender of household head, age of household head, household size, schooling year of
household head, farm size, livestock ownership, and access to the nearest town. The full regression table is in Table SA6.

*p < .1; ¥*p < .05; ¥**p < .01.
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expectation, the coefficient of the interaction term between the distance and MP ownership is
also not statistically significant.

5 | ROBUSTNESS CHECK

In this section, we carry out robustness checks to examine whether our findings vary when we
use different estimation methods. Specifically, instead of the household FE model used in our
main specifications, we employ the DR estimator and the PSM-DID method to estimate the
robustness of the association between MP ownership, income diversification, and poverty.
The DR method, or more precisely, an inverse-probability weighted regression with adjustment
of covariates, combines the regression and propensity score weights and is more robust than
the PSM estimator and the inverse-probability-weighting estimator (Mano et al., 2022). Further-
more, PSM-DID can address potential limitations that arise when using a PSM estimator in the
model. This is because bias cannot be eliminated if there are significant unobservable variables
in the model.

Estimates from the DR estimator (shown in Table SA7) and the PSM-DID method (shown
in Table SA8) show similar results to those in Tables 4-6, but the association between MP own-
ership and income diversification index is statistically insignificant in Table SA8. It indicates
that MP ownership would enhance off-farm income, farm self-employment income, and non-
earned income but reduce on-farm wage income. Because the Simpson diversification index
measures the evenness of each income source, the result implies that MP ownership improves
not the evenness of income sources, but the portfolio of income sources for resilient livelihood.
Overall, it underlines the robustness of our main results.

6 | CONCLUSION AND POLICY IMPLICATIONS

MPs have rapidly spread in developing countries, including in rural Bangladesh, and have the
potential to play a significant role in fostering economic development. Previous studies have
focused on the economic impacts of MP ownership, such as input and output prices, profits,
and income. However, there is limited research on the broader social development implications.
It is crucial to better understand the social welfare effects, especially in the context of the
United Nations' Sustainable Development Goals. This study uses a nationally representative, 8-
year panel dataset of rural households in Bangladesh to examine the average and varied
impacts of MP ownership on income diversification, prevalence of poverty, depth of poverty,
and a MPL

Our findings demonstrate that MP ownership has a positive and significant association with
income diversification. It also leads to a reduction in both the prevalence and severity of mone-
tary poverty as well as non-monetary poverty as measured by the MPI. Further analysis into
possible mechanisms of effect reveals that MP ownership significantly aids in poverty reduction
through income diversification, particularly diversifying income streams into on-farm and off-
farm self-employment, as well as non-earned income. Additionally, our results indicate that
households with less educated heads and those residing in impoverished areas experience dis-
proportionately greater benefits from MPs. These encouraging findings suggest opportunities to
expedite income diversification for poverty reduction in such contexts.
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This research underscores the significance of widespread access to mobile technology. The
study reveals that MPs contribute to expanded opportunities and income generation, particu-
larly benefiting less educated households and those residing in economically disadvantaged
areas. Ensuring access to mobile technology and networks for all households, even in rural
areas, has the potential to reduce transaction costs and enhance labor market efficiency. This
approach may help address challenges associated with limited human capital accumulation and
geographical inequality.

The results from this study should not be broadly generalized and require more rigorous
estimation methods such as randomized controlled trials or other causal inference strategies.
However, the households surveyed for this study in rural Bangladesh are quite typical for the
South Asian rural settings which enables us to glean valuable insights for advancing rural
development in the digital age. Follow-up studies in other settings, utilizing longer panel data
and rigorous methodologies will undoubtedly be necessary to substantiate our conclusions.
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ENDNOTES

! Due to the attrition of the households and split households because of marriage, and so forth in Round 3 of
BIHS, the number of observations is decreased from the original sample size. We do not take into its house-
holds who are split into several households. We follow the original household head to create a balanced panel
dataset.

2 Due to the limited data availability, we cannot distinguish mobile phones with or without internet access. They
include cellular phones and smartphones.

* Bangladesh was a low-income country in 2011-2012, when the first round of survey was conducted.

4 The dataset is available at https://www.ifpri.org/blog/ifpris-bangladesh-integrated-household-survey-bihs-
second-round-dataset-now-available. For more details on index construction see Alkire et al. (2018) or Tau-
seef (2022).

> To address the omitted variable bias, the instrumental variable (IV) approach can be used. However, the use of
IV requires that IV affects an endogenous variable but does not affect outcome variables (Angrist et al., 1996).
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Based on economic literature on the important role of peer effect in the decision to adopt mobile phones, the
IV used in some studies is the share of households owning mobile phones within a local community (Ma, Nie,
et al., 2020; Zheng et al., 2023). However, our falsification test cannot reject the null hypothesis of the exclusion
restriction in Table SA1. Hence, we do not use IV approach in this paper.

6 We conduct the PSM-DiD as follows. First, we match the observations from subsamples of the two groups

“obtained phones between the two waves” and “never own phones.” We assume common support, in which
there is enough similarity between the traits of treated and untreated units to establish suitable matches. After
matching, we estimate an ordinary difference in differences so that we can address unobserved time-invariant
characteristics and observed characteristics.

N}

In Table 4, we use year—division interaction terms to account for possible unequal regional developments
over time.
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