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Abstract. As the world advances towards digital empowerment, unbanked and
underbanked individuals still exist. Therefore, this study is conducted to inves-
tigate the key digital-focused determinants that aid in boosting Digital Financial
Inclusion (DFI) among emerging countries. By zooming into 45 Emerging Market
and Developing Economies (EMDE) countries, quantile regression is executed to
validate the variables in explaining DFI, and our findings suggested that mobile
money agent is the main contributor for developing countries in achieving high
DFI index, followed by digital connectivity. In short, our research could con-
tribute to enhancing the current financial development blueprint by setting the
right direction for policymakers and financial service providers to innovate the
suitable digital financial products and services in the near future.
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1 Introduction

With the world advancing towards digitalization, products and services offered by every
sector are keeping up with the trend as well, especially within the financial sector. Whilst
many digital financial products and services were offered to the public, yet financially
excluded population still exists. Therefore, this study focuses on the role of digital
connectivity in promoting financial inclusion (DFI) where “Digital financial inclusion”
is referred as the digital access and usage of formal financial facilities by the excluded
and underprivileged group (Layman & Lauer, 2015). This section provides an overview
of the research background, research problem, research objectives and questions as well
as research significance.

1.1 The Rise of DFI

Money has always been the centre of all transactions, serving its purpose from being as
a medium of exchange to a store of value. Without money, the modern economy could
have stopped functioning since money makes the world go around. People use cash on
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a daily basis, and over 90 percent of transactions require the medium of cash. In devel-
oped countries such as the United States, it is reported that 94.6 percent of households
falls under the “banked” category in 2019, indicating that at least one person in every
household has the access to formal financial services (Federal Deposit Insurance Corpo-
ration, 2019). On top of that, some countries are even becoming cashless societies after
the pandemic struck, for example, China, South Korea, Norway and Sweden. However,
zooming into emerging countries, unbanked populations remained high in proportion,
with the region of Middle East and Africa topping the chart, where half of its popula-
tion remains unbanked, followed by Central and South America standing at 38 percent,
whereas 24 percent and 33 percent representing Asia Pacific, and Eastern Europe and
the former Soviet republics respectively (Ventura, 2021).

Be that as it may, the rapid evolution of digitization in electronic transactions has
alleviated the rate of financial inclusion in developing countries since lower market
segments face difficulties in accessing money via traditional financial services. Yet, if
there is a silver lining in these unfortunate circumstances, the growth of digital and
mobile banking may be the answer to overcome the issue of unequal access to financial
services. One of the successful examples where rapid financial inclusion became the
reality is within Kenya and India, in which access to accounts has grown at a fast pace
over the last 10 years (Rahwa, 2021).

In this modern-day, digitalization is the new phenomenon that happens in every
corner of the world, acting as a catalyst in transforming the landscape of the financial
services industry. The rise of financial technologies has been fuelling the innovation of a
wide variety of digital financial services (DFS) to be offered in the market. With this being
said, the emergence of DFS has made its continuous contribution to expanding financial
inclusion to the wider community. Traditionally, financial inclusion aims to provide
accessibility of formal financial services to individuals and companies inexpensively,
fairly, and securely, which usually takes account of banking indicators (The World Bank
Group, 2022). However, technological advancement nowadays has surged worldwide
internet usage and mobile cellular ownership which paves a virtual direction in improving
financial accessibility for the people with increased convenience and at a more affordable
cost than traditionally (CGAP, 2015).

Digital financial inclusion (DFI) is introduced as the extension of traditional financial
inclusion (TFI) with the differential term “digital”’. DFIis levelled from multidimensional
perspectives similarly to TFI, but mainly focuses on the digital aspects of access and
usage indicators in relation to the rising Fintech development (Khera et al., 2021a, b).
Defining DFI, is said to be a method of reaching financially underserved groups who do
not have proper access to formal financial services, specifically in a cost-effective digital
manner (The World Bank Group, n.d.).

Figure 1 displays both DFI and TFI index of 52 Emerging Market and Develop-
ing Economies (EMDE) countries in 2017. It is observed that there are certain EMDE
countries that fall under the lower range of TFI index such as Ghana, Kenya, Senegal,
Uganda, etc. holding a high DFI index point over 0.80. Conversely, the countries that are
high in TFI may not necessarily be highly financially included in a digital way. Overall,
this explains that the indicators of DFI could improve primitive financial inclusion by
overcoming the issue of TFI and reaching better access and usage via DFS.
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Digital against Traditional Financial Inclusion Index in 2017
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Fig. 1. Digital Financial Inclusion Index Against Traditional Financial Inclusion Index of 52
Emerging Markets and Developing Economies (EMDE) Countries in 2017. Adapted from Khera
et al. (2021a, b). Measuring Digital Financial Inclusion in Emerging Market and Developing
Economies: A New Index. International Monetary Fund.

Along with digital transformation, Mobile Financial Services (MFS) are among the
key drivers of digital finance. The escalating adoption of mobile phones and access
to the internet has prompted the supply of MFS which allows individuals to utilize
their mobile money accounts at ease. The boom of MFS is proven by its impactful
outcome based on the innovation of bKash (one of the successful mobile money systems
available in Bangladesh) that caters for the long distancing and unbanked issue among
the underprivileged group via mobile phone and mobile agents to perform monetary
transactions; hence, increasing financial inclusion digitally in the nation (DhakaTribune,
2021).

DFI’s main selling point is its ability to provide formal financial services to excluded
and underserved populations at an affordable cost digitally. DFI runs by three key com-
ponents namely, a digital transactional platform, retail agents, and the usage of a device
by clients and agents to conduct transactions via the platform, most frequently known
as a mobile phone. While mobile money centralises the transactions, a “cash merchant”
or “agent” is still needed for the cash-in and cash-out process to transform the electronic
value into cash, vice versa. With agents acting as intermediaries for mobile money users,
it eases the hassle to seek for costly financial services.

A successful example can be seen in Kenya which has a high DFI index due to the
success of its mobile money application, M-Pesa. It is also mentioned in Donovan, 2012
research that the poor are more willing to send value via mobile money with a network
of agents. Through this, households are able to access to financial services with higher
remittances at a lower transaction cost (Donovan, 2012). Up until now, M-Pesa already
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Fig. 2. The Density of Mobile Money Agent and Commercial Bank Branches. Adapted from
Caputo, S. (2019). The pivotal role of mobile money agents in driving financial inclusion. GSMA.

has over 160,000 agents distributed country wide to serve their users (Safaricom, n.d.).
The emergence of mobile money agents in rural areas has become the influenced the
increment of financial inclusion.

Figure 2 clearly shows the comparison of how mobile money agent density grew
against physical banking branches, indicating the influence of agents in this matter. In
the year 2018, there is an average of 148 active mobile money agents per 1,000 sq
km, which is over twice as much as the figure of 2014, whereas we can barely see any
changes in the density of brick-and-mortar banking across these 5 years. Surprisingly,
the registered mobile money outlets are 10 times more than physical banks in about 66
percent of those markets. It is no doubt that the agent network has played its pivotal role
as a liaison between mobile money services and banks, expanding financial services to
the underserved population as the agent network can now be reached at 20 times that of
bank branches and 7 times of ATMs (Aker, 2020). Essentially, more and more financially
excluded are now able to be financially included digitally with the adoption of mobile
money and the distribution of agents.

To conclude, mobile money is a form of MFS which enables cashless transactions
among people. Prompted by Covid-19, cashless dealings have been boosted by DFS
around the globe. Beginning in 2014, various DFS stated above could be carried out just
with the ownership of a mobile phone and access to the internet. With that, not only
adoption rate of mobile phones has reached a total of 67.1 percent in the year 2022,
DFS has also prompted internet usage up to 62.5 percent globally (DataReportal, n.d.).
Hence, it can be said that mobile phones and the internet were the main intermediaries
that bridged the gap in allowing people to perform online transaction and access DFS
virtually (Manyika et al., 2016).
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Fig. 3. The Unbanked Population around the Globe 2021. Adapted from Merchant Machine
(2021). The Countries Most Reliant on Cash In 2021.

1.2 Why Financial Excluded Population Still Exists?

Reducing inequalities is one of the vital goals to be achieved under the United Nations’
Sustainable Development Goals (SDG), as it encompasses unequal access to financial
products and services, education, health services, job opportunities, necessities, etc.
(United Nations, n.d.). The issue of unbanked has been revolving around since 2014
with an extensive figure of 2 billion unbanked people. Although there was a slight
improvement in the statistic moving on to 2017, yet there are still 1.7 billion adults
remaining unbanked. According to Fig. 3, there are still portions of the population that
do not own access to and acquire financial services around the globe in 2021, especially
in regions of the Middle East and Africa where about half of the people is unbanked.

Furthermore, the unbanked tend to concentrate around poorer households where the
main barrier to account ownership is lack of money. Almost two-thirds of the adults were
in a situation where they do not have money to own a bank account. The population of
unbanked is still relatively high even financial inclusion through the primitive way is
rising in each country. Besides, the traditional approach is often higher in cost, especially
to those low-income and low-density populations. An example can be seen is from the
study by Unnikrishnan & Larson (2019), which it highlighted that traditional cash in
and out services via ATM and bank branches are too expensive as compared to cash in
and out money via a mobile money agent. Not to mention that physical distance is also
one of the barriers (Caputo, 2019).

Therefore, here is why digitalization kicks in and illustrates that technology may be
used to promote universal financial inclusion in digital ways. The combination of digital
payment technologies and mobile phone technology could enable the re-engineering of
financial systems and coming with a possibility to strip 90 percent of transaction costs.
What is more, digital platforms can extend up to tens of millions of transactions every
single day if only digital payments are being made. This has also stripped the cost of
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financial services by 80 to 90 percent via virtual access through the internet; therefore,
enables more underprivileged group to enjoy DFS (Manyika et al., 2016). To add on, the
rise of digital technologies is heightening the possibility for almost two-thirds of adults
in emerging countries to access basic financial services who are previously excluded
from the system (Pazarbasioglu & Mora, 2020).

As the world continues to develop, over 90 percent of transactions require the medium
of cash, according to a study made by Mastercard and World Bank on developing coun-
tries (Unnikrishnan et al., 2019). Cash-free transactions via cards, mobile phone, QR
payment and e-wallet have been aggressively adopted by the Southeast Asia (SEA)
countries, and taking Malaysia as an example, it is claimed to be advanced five years
forward in cashless dealings throughout the outbreak (Visa, 2021). Real-life cases from
Bangladesh (bKash) and Kenya (M-Pesa) have proven to us that the integration of digital
technology into financial services possesses the potential to shape an economy where
everybody can access payment systems more efficiently. While transaction costs are
being reduced, this indirectly encourages use and access by the poor (Peric, 2015).

Although DFI could be the key solution in tackling the issue of unbanked as some
may suggest people staying in rural areas to access financial services digitally, yet this
way is only applicable provided the households have access to digital infrastructure
and internet. The rising high internet dependency and worldwide internet user outlay
that internet connectivity is a crucial factor that channels digital financial services to
the people, especially while utilizing mobile money applications. Not only high internet
penetration ensures the accessibility of digital financial services, but broadband speed has
also become an issue concerning timely financial transactions (ET Bureau, 2021). This
is because user interfaces (Uls) to access DES are said to be highly influenced by the type
of mobile coverage provided since DFS is defined as the financial services accessible
via mobile phone. However, a major challenge could be seen in many DFS-focused
countries as most of the mobile coverage offered in rural areas is mainly characterized
by low speed ‘second generation’ (2G) ‘narrowband’ technologies, for example Uganda
and Rwanda (Perlman & Wechsler, 2019).

Since the lack of proper digital infrastructure in certain countries is regarded as
one of the major barriers in accessing DFS, the mobile money agent network could be
the secret ingredient in bridging the gap between the unbanked and financial services.
Evidence is shown in Fig. 4 which is obtained from our sample data where we can
observe huge disparities in comparison between the density of agent outlets against the
density of ATMs and non-branch retail agent outlets of commercial banks, especially
in quantile 4 where countries hold the highest of DFI index. With this being said, we
are proposing agent network is the key driver in promoting DFI in countries who lacked
access to quality internet accessibility. Not to forget, the agent network is also deemed as
a cost-effective manner while being compared to traditional financial services, such as
ATMs, in which the distribution is relatively low in certain areas. In short, agent network
could be the backbone in promoting DFS, especially in emerging countries.
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Fig. 4. Density of Agent Outlet, ATM and Non-branch Retail Outlets of Commercial Banks
According to DFI Index Quantile in 2017 (where data from Bangladesh is removed as an outlier).

1.3 Research Objectives and Research Questions

1.3.1 General Objective

DFI through the emergence of DFS has been promoting financial inclusion in achiev-
ing the Sustainable Development Goals (SDG) in reducing inequality and unbanked
problem in recent years. This study aims to identify the key drivers of DFI by emphasiz-
ing how internet bandwidth and mobile money agent network can potentially enhance
DFI. Focusing on 45 emerging countries in the year 2017, this study employs the IMF-
computed DFI index and the Global Findex 2017 database to see how the key drivers
create impact across different degrees of DFI through quantile regression estimation.

1.3.2 Specific Objectives

1. To identify the key digital-focused (access and usage) determinants of DFI for
emerging countries.

2. To examine the role of digital connectivity in promoting DFIL.

3. To examine the role of the mobile money agent network in promoting DFI.

1.3.3 Research Questions

1. Whatare the key digital-focused (access and usage) determinants of DFI for emerging
countries?

2. What is the role of digital connectivity in determining DFI?

3. What is the role of the mobile money agent network in determining DFI?
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1.4 Significancy of the Research

Besides helping consumers in accumulating, increasing, and protecting their wealth,
financial inclusion helps in reducing income inequalities which indirectly leads to reduc-
tion in societal issues. Significant improvement could be seen in people with limited
income if they were granted access to all kinds of financial services that could be found
in the market, for example, payments, insurance, loan, and accounts. However, despite
how great the potential could be, the market remains inefficient in serving the poor. This
is due to certain deficiencies that prevented most of the traditional financial systems from
rolling out into rural and poor communities. Infrastructure with a mix of slow innovation
cycles and costly connections could be the reason behind this phenomenon. For the most
part, it affects payments, which are the most basic financial service of all, as traditional
payment systems mostly require the possession of accounts that requires extra time and
incur fees that made them inaccessible for the poor.

Therefore, it is stated by Bain & Company et al. (2019) that DFI is the key factor
for paving the unbanked society towards access to digital finance with its future revenue
being forecasted to reach up to $38 billion (Bain & Company et al., 2019). Though
literatures did mention how digital connectivity contributes to DFI, yet it remains ques-
tionable on the relation of internet bandwidth and its influence towards DFI as it is not
concentrated in most of the literature reviewed. Since internet bandwidth is defined as
the amount of information that could be transmitted between connected devices that are
measured in megabits per second (Mbit/s), we are proposing the idea of greater internet
bandwidth will lead to wider DFI. Hence, our research incorporates internet bandwidth
as the new indicator to identify its significance towards DFI as to fill the gap of previous
studies.

Apart from digital connectivity, multiple past studies from Mas and Morawczynski
(2010) and Unnikrishnan and Larson (2019) have portrayed how mobile money agent
network plays its pivotal role in promoting DFI. Acting as a DFI driver that requires
low setting-up and maintenance cost, the network of mobile money agent has grown
extensively with evidence from Bangladesh where the country itself has over 420 million
agent outlets per 100,000 adults recorded in 2017. This fact is believed to be the recipe
behind the success of bKash as agent network is one of the major pillars of MFS.
Moreover, bKash’s aim to serve the poor has distinct features from those TFS that requires
higher transaction costs, allowing it to tackle the population of unbanked. Accordingly,
our study has in view to examine how significantly agent network plays its role in
explaining DFI, specifically in emerging countries.

After all, our research intends to provide a better insight into the importance of DFI
by highlighting the benefits and importance of enhancing DFI. As mentioned, one of
the greatest impacts that DFI could offer is promoting inclusivity, aiding more people
to be financially included, in a sense which then leads to reduced poverty, inequality
and elevating nation’s GDP. With that, we aim to raise awareness among the public,
especially policymakers on the current status of the nation’s financial inclusion and
pay attention to the determinants that would greatly contribute to promoting DFI. For
instance, infrastructure investment should be encouraged as to increase the internet
coverage, particularly to rural poor areas. By highlighting the importance of achieving
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DFI, it is hoped that better policies will then be introduced so that barriers will be
removed for the unbanked.

2 Literature Review

In Sect. 2, we will present the literature reviewed based on existing research knowledges.
Based on past studies, financial inclusion has been the centre of attention for so long
until DFI came to light, which in turn became the topic of discussion for recent studies.
Therefore, firstly, we will be providing the conceptual framework that explains how DFI
differs from TFI. Then, we will provide some work which highlighted the importance
and contribution of DFI to society and, proceed with discovering and understanding the
key determinants that took part in influencing DFI. Lastly, the limitations found from
these pieces of research will then be brought out, and from there, we will explain how
these gaps will be eventually filled up with our study.

2.1 Conceptual Framework: Understanding DFI

Financial inclusion is defined for any person to approach and utilize financial facilities
including monetary dealings and borrowings for daily necessity (The World Bank Group,
2022). Deriving from the theory of supply and demand, the dimensions of access and
usage of financial services through financial development (Nagadevara, 2009) as shown
in Fig. 5 have been used as common indicators to measure DFI of a nation.

In the literature, most studies have been conducted based in the conventional manner
by adopting the banking determinants as the measurement for financial inclusion. For
instance, the access was estimated by the variables: the number of bank branches and
Automatic Teller Machine (ATM) among the population; the usage was estimated by
the variables: the number of bank accounts, debit and credit card ownership among the
population (Sarma, 2012; Sahay et al., 2015; Loukoianova et al., 2018). Also, there are
studies that offer new dimensions in demonstrating financial inclusion. As reviewed,
Cédmara and Tuesta (2017) proposed a new barrier dimension considering the distance,
affordability, documentation, and trust issue as new variables for measuring the financial
inclusion index.

Technology advancement over the century has led to Fintech development and
directed new methods in determining financial inclusion other than the primitive way.
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Table 1. Definitions of DFI

Author Definition

The World Bank (n.d.) Digital financial inclusion entails the use of
cost-effective digital means to provide
societies that are currently underserved and
financially excluded with a variety of formal
financial services that are delivered at a
cost-effective manner for customers and
durable for providers.

Lauer and Lyman (2015) The access and usage of formal financial
services through the digital way by the
excluded and underserve population.

International Telecommunication Union (ITU) | A sustainable process with affordable
(2016) financial services that aids the poor to be
financially included

Geng and He (2021) A new financial development that can
overcome geographic barriers in traditional
financial inclusion by using internet and big
data technology to reduce financing cost and
at the same time empowering small firms

Some research has pointed out digital factors that influence financial inclusion posi-
tively; however, less inclusive in considering both access and usage dimensions as the
only single factor is being considered. Adapting from the benchmark criterion of finan-
cial inclusion, the IMF has presented DFI by compiling a new set of digital-focusing
indicators including variables from both access and usage dimensions such as the mobile
and internet user, mobile money agent in the population, mobile account user, usage on
mobile and internet transaction (Khera et al., 2021a, b). Thus, we decided to pursue the
definition by IMF’s working paper (Table 1).

2.2 The Roles of DFI

Multiple journals offered their reviews on the importance of financial inclusion in which
it has contributed to financial stability, economic growth, as well as the lessening of
income inequality (Sahay et al., 2015; Khera et al., 2021a, b; Ratnawati, 2020). In
Brazil, studies have been applying the Delphi method to determine that Fintech induces
financial inclusion as it can provide services to the unbanked, lower the cost of Fintech
users and deliver financial services to those in the distant geographical areas (Joia &
Cordeiro, 2021).

On a macroeconomic scale, the enhancement of financial inclusion helps households
to overcome unforeseen shocks as people have access to saving services which plan out
a seamless consumption. Concurrently, country-level research on financial inclusion
carried out by Sahay and Cihak (2020) has concluded that inequality and poverty tend
to be reduced when there is a higher financial inclusion in payments, especially among
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lower income household. Subsequently, improving financial inclusion is most likely to
boost GDP growth on a 2 to 3 percentage point.

2.3 Digital-Focused Determinants: Influencer of DFI

Banks and financial services have been an essential to all in daily life now. Despite
living in the 21 century with various of digital products and various financial products
being offered in the market, yet there are still 46 percent adults who does not own a
bank account. Many prefer to save their money informally such as keeping at home or
buying at liquid asset instead of storing in bank. Yet, this informal way of storing money
may be inconvenient, costly, and most of all risky to them. Nevertheless, governments
and authorities still believe that it is optimal for one to adopt formal banking as it is
associated with a variety of benefits, ranging from a country’s growth and development,
reduced poverty, financially included, and many more. Whilst digitalisation kicks in,
more and more DFS and MFS have been introduced and financial products and services
are being offered at a lower cost. It is said that with these newly offered DFS and MFS,
more people can be financially included in a digital way.

In the digitalized era, basically everyone owning at least one electronic gadget aids
people in accessing DFS. This is also supported by Rizzo and CGAP (2014) where
it mentioned the underlying theory of digital finance and financial inclusion having a
positive relation. As defined, digital finance is represented by the access to financial
services via mobile phone, internet, or card. Moreover, Perlman and Wechsler (2019)
mentioned that DFS provided through mobile phones can provide basic financial services
to the unbanked and underserved. With all other things being equal, financially excluded
population can be financially included through DFS, provided they have a mobile phone
and internet connectivity (Ozili, 2018).

According to Yesmin et al. (2019), the introduction of Mobile Financial Services
(MFS) has filled the gap of rural people reaching financial services. One of the popular
MEFS introduced is bKash by BRAC bank which provides banking facilities through the
mobile phone. Ever since, there has been a revolutionary growth in the MFS industry
where more than 8 percent of total registered mobile money accounts in a short period
(Khan et al., 2019). Similarly, surveys conducted in Zimbabwe with a sample derived
from 262,493 rural households found that mobile money supplies have improved the
financial accessibility and usage for remittances at lower expenses, dictating a positive
impact in financial inclusion in the nation’s rural region (Thulani et al., 2014).

Payment made via the internet is categorized as digital payment which is one of the
major functions of digital finance. Research has highlighted that by linking digital pay-
ment to the bank accounts for online financial transaction promotes financial inclusion
among low-income household as the cost required is lowered in a digital context (Ozili,
2018). This is further supported by a report from Klapper and Miller (2021) which stated
Covid-19 has catalysed digital payments; thus, accelerates DFI.

In addition, ICT innovations on telecommunication devices such as mobile phone
have not only been widely used as individual daily communication tools, but also trans-
formed into an important component of financial system development (Alshubiri et al.,
2019). ICT development serves as the medium for access and usage of DFS. Bank
branches were the traditional way for people in accessing financial services. Yet, this
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only benefits people living in urban area as compared to rural area as most bank branches
are concentrated in the urban areas. Hence, to be financially included in the digital con-
text for all people, one of the key components to access to DFS is the ownership of
mobile phone (Layman & Lauer, 2015).

Besides, there is a significant result showing mobile phone and internet penetration
induced financial inclusion in the South Asian Association for Regional Cooperation
(SAARC) countries from 2004 to 2014 (Lenka & Barik, 2018). The variables adapted:
internet users per 100 people and mobile cellular subscriptions per 100 people are found
linearly related to financial inclusion using the fixed effect model (Lenka & Barik,
2018). Furthermore, based on the study carried out by Barbesino et al. (2005), the
internet in Europe has emerged as a widely recognized distribution channel for the
finance industry that includes traditional and new players. However, research using
cross-sectional data from eleven post-communist Europe countries has identified both the
positive and negative relationship between the mobile phone and internet consumption
towards financial institution and market access (Bayar et al., 2021).

Moreover, D’ Andrea and Limodio (2019), in paper confirmed how high-speed inter-
net has led to a large-scale adoption of financial technologies as the transaction costs are
being lowered down. Also, Perlman and Wechsler (2019) have proposed when mobile
phones are now being used as the main access mechanism for DFS, the quality and
degree of mobile coverage are said to have a significant effect on the access to DFS.
This is because mobile broadband with a higher speed can put smartphone to better
use, as better graphical user interfaces could be accessed. On the other hand, taking 4G
as an example, its poor coverage negatively impacts the utilization of mobile phones
since higher data speeds are required for media-rich applications, signifying that higher
broadband speed leads to a better user experience. In short, we are surmising that people
who lives in countries that fall far behind in the development of digital infrastructures
and expansion of internet penetration evenly across the countries may still encounter the
issue of accessing DFS efficiently.

To reiterate, MFS such as mobile money that is categorized under DFS can enhance
digital finance. Based on the research carried out in seven developing regions in Africa
within the period from 2013 to 2017 which claims that financial inclusion is induced
by the introduction of mobile money, where it is indicated by the registered subscriber
ratio and active subscriber ratio (Mahmoud, 2019). By using the country-focused char-
acteristics, regulatory factors, and service provision characteristics as the independent
variables, it concludes that the number of mobile money suppliers, mobile money reg-
ulations index score, bank account ownership, and education are linearly significant
towards the usage of mobile money.

While mobile money bridges the gap of financial excluded, a mechanism is still
needed for mobile money users to cash in and out their money. And this is why mobile
money agents come in, where their main role is to act as an intermediary for mobile money
users to perform cash in and out physical cash transactions (Unnikrishnan & Larson,
2019). According to them, the agent model has been surging rapidly in developing
markets since the last 15 years, especially in the regions of South Asia and sub-Saharan
Africa. A successful example can be seen in the research by Mas and Morawczynski
(2010), where the mobile money service in Kenya, M-Pesa has gained its trust and
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popularity among citizens, amounting to over USD 1.6 billion transactions after its launch
back in the year 2007. In line with this growth of customer base, its agent network has
also surge over the years, proven to be a key enabler for the operations of DFS. Through
an authorised M-Pesa agent, users are able to easily cash in and out from their M-Pesa
account as users can easily locate those agents using the special agent number.

Commonly in developed countries, bank branches and ATMs are the providers of
cash-in and cash-out services. However, brick-and-mortar branches are high in cost of
setting up which requires high capital investments, not to forget the costly maintenance
required. Hence, the rising of the bank agent model has promoted cost efficiency as well
as assisted customers in ways that ATMs could not, particularly in communities with a
lower rate of technological literacy. Since the agent model is categorized as a low-cost
approach, this major benefit has sped up the network expansion in South Asia and Latin
America. For example, India’s banks in both private and public sectors have portrayed a
high dependency upon the agent model while complying with the government’s policy
on financial inclusion (Unnikrishnan & Larson, 2019). Thus, we are suspecting that
the agent network possesses high potential to bring the unbanked and financial services
closer when the factor of internet penetration is absent.

2.4 Conclusion

Concluding the works of literature, it manifests that DFI is the continuation of TFI in cor-
respond to digital evolution and ascending development of Fintech. With the mentioned
digital-focused determinants above, it has clearly shown that all of them are playing a
crucial role in promoting DFI, and especially internet connectivity and mobile money
agent. While most of the crucial determinants were covered in the literatures above,
yet it is not mentioned how internet bandwidth plays a vital role in facilitating finan-
cially excluded populations in accessing financial services as internet bandwidth may
vary according to areas, and it might be hard to access in remote areas. Therefore, our
research contains internet bandwidth as our new indicator to further discover whether
a relationship between internet bandwidth and DFI exists, and most importantly how it
aids in driving DFI. Besides that, although mobile money agent is proven to be effective
in driving DFI in certain countries, however it still lacks evidence in which the agent
network could be a major driver towards DFI, specifically in emerging countries where
their digital infrastructures are poorly developed. Hence, our study will further inves-
tigate how the agent model carry out its pivotal role in promoting DFI in developing
countries.

3 Methodology

3.1 Introduction

In Sect. 3, we will explain the methodology equipped in the outline of research design,
theoretical framework of DFI, empirical model (model estimation and quantile regres-
sion) and data collection. The research design is progressed in a quantitative method
based on the theoretical model to estimate the effect of access and usage variables on
DFI in the 45 EMDE countries.
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3.2 Research Design

DFI is presumably performing well among the developed countries, and surprisingly it
is found to be blossoming in certain developing countries such as Ghana and Kenya too.
To investigate the underlying potential drivers of DFI among the emerging countries;
thus, sample data from 45 EMDE countries is collected via secondary resources. By
zooming into the developing countries, the research is designed to verify the expected
hypotheses via a preliminary analysis to understand the characteristics of the sample
data. After data collection, we will observe the DFI index and the relationship of the
two key variables (internet bandwidth and the number of mobile money agent) with
the DFI through boxplot and scatterplot analysis to clarify the primary prediction on
the presumed hypotheses. Subsequently, the OLS estimation with the assumption of
classical linear regression. Hence, the heteroskedasticity test, autocorrelation test and
normality test will be carried out to ensure the robustness of OLS estimation. Lastly, we
will execute the quantile regression analysis to validate the significancy of the access
and usage variables in determining DFI index at specific quantiles.

3.3 Theoretical Framework of DFI

DFI is the extension or development of TFI where it is driven by the forces of supply
and demand. It is explained by the dimension of access and usage which is derived from
the theory of supply and demand on financial services through financial development
(Nagadevara, 2009). Generally, the access of the DFI is defined as approaches to the DFS
such as the internet connectivity available to execute digital payments. In contrast, the
usage is the demand for the utilization of DFS, for instance to use the internet to make
digital payment. To achieve effective DFI, it is supported by the equilibrium for both
supply and demand perspectives in providing and utilizing of digital financial services
(Upadhyay & Reddy, 2021). Deriving from the model by Khera et al. (2021a, b), a newly
added variable (internet bandwidth) is proposed in the conceptual framework built (refer
Fig. 6).

Our study implies the importance of being financially included through incorporating
digital means to reach out to current financially excluded and underserved populations
with arange of cost-saving financial services. According to a study published by Perlman
and Wechsler (2019), DFS provided could equip the underserved and unbanked with
basic financial services. As permitted by regulatory innovations, even non-banks can
now offer financial services to fill up these gaps. This section proposed the two key
elements in explaining DFI, where we measure it through the access and usage of DFS.

3.4 Empirical Model

Based on the model by Khera et al. (2021a, b), we will construct the econometric model
according to the dimensional of access and usage of DFI as in Eq. (1) where positive
relationships are expected to be shown in results between the dependent variable and
independent variables, meaning to say DFI index should be positively associated with
all the independent variables in terms of access and usage:

DFI; = Access; + Usage; + ¢; (1)
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Access of Digital Financial Services

[ Usage of Digital Financial Services

Mobile ownership Digital Mobile money account
Mobile money agents Financial Payment via internet
Internet penetration Inclusion Salary receipt via mobile
Internet bandwidth* Utility payment via mobile

Note. * Represents the new determinant variable proposed

Fig. 6. Key Digital-Focused Determinants of DFI. Adapted from Khera et al. (2021a, b). Mea-
suring Digital Financial Inclusion in Emerging Market and Developing Economies: A New Index.
International Monetary Fund.

To quantify Eq. (1), a multiple linear regression model (2) is extended using the
concept of access and usage. Subsequently, the logarithm is inserted in the model to
linearize the variables.

LNDFI; = Bo; + B1iLNMOB; + B2;LNINT;
~+ B3;LNINTB; 4 B4;iLNMMAGN; + BsiLNMMACC;
+ BeiLNINTPAY; 4+ B7;LNMOBREC; + BsiLNMOBPAY;
+ Bo; LNINTINTB; + B10iDUMrow + &;

@)

The DFI; represents digital financial inclusion index while By; is the intercept. In
light, the access is represented by the mobile phone ownership, MOB; (per 100 people);
internet penetration, INT ; (internet user % of population); the numbers of mobile money
agent, internet bandwidth, INTB; (Mbit/s) and; MMAGN ; (per 100,000 adults). On the
other hand, the usage is represented by the mobile money account ownership, MMACC;
(% of aged 15 or above); payment via internet, INTPAY; (% of aged 15 or above);
receipt of salary via mobile phone, MOBREC; (% of aged 15 or above); and payment
of utility via mobile phone, MOBPAY ; (% of aged 15 or above). Also, the interaction
term between internet penetration and internet bandwidth, INTINTB; and an additional
control variable that is dummy variable for low-income group country, DUMow are
included in the model. Lastly, ¢; is the error term.

3.4.1 Model Estimation

The model is estimated using the Ordinary Least Square Method (OLS) to identify the
relationship between the access and usage determinants variables in affecting DFI with
the key assumptions of linearity, independent variables are independent of error term,
constant variance for error term, and normality of error term (Gujarati, 2019).

To ensure the classical linear regression model assumptions are fulfilled, the diagnos-
tic tests namely heteroskedasticity test, autocorrelation test, normality test are carried out
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to ensure the robustness of our estimation. The heteroskedasticity test (Breusch-Pagan
test) is utilized to test whether the error term is normally distributed in the dataset. The
general decision applied is if the p-value obtained is less than the significance level (a
= 0.05), the null hypothesis is rejected and indicated the error term is not normally
distributed. The autocorrelation test (Breusch-Godfrey Serial Correlation LM test) is
defined as a test for autocorrelation in the errors of a regression model. To be exact,
it serves the purpose of identifying the presence of serial correlation to avoid incor-
rect conclusions from being drawn. The normality test (Jacque-Bera test) refers to a
goodness-of-fit test to identify whether the kurtosis and skewness matches a normal
distribution. If result is far from zero, it signifies that the data is not normal distributed.

3.4.2 Quantile Regression

The OLS regression is sensitive towards the extreme value in the sample data as the
conditional mean is estimate in a model (The International Benchmarking Network,
n.d.). The appearance of outliers in the data distribution could affect the accuracy of the
estimation outcome due to the extreme value alteration of outliers. Besides, the OLS
assumes homoskedasticity where all the error terms have constant variance from the
mean value (Gujarati, 2019); however, it is suspected of behaviour differences across
the DFI index quantile. Hence, in the case of heteroskedasticity, OLS estimation is less
fit in determining the relationship between the determinant variables and the DFI index.

Overcoming the limitations, the quantile regression model is extended for a greater
flexibility in the research as less assumption is exerted compared to linear regression
model (Petscher, & Logan, 2013). Rather than estimating the conditional mean, the
quantile regression estimates the conditional median which increased the reliability of
the result in investigating a more specified effect of the explanatory variables towards
DFI index across different degree level (quantiles) (Wenz, 2018). Additionally, it is less
sensitive towards outliers which clearly shows the effect of explanatory variables towards
DFI index at different quantile (Huang et al., 2017). With less susceptible to outliers,
it clearly demonstrates the impact of the access and usage of the explanatory factors
on DFI index at various quantiles. Supported by the data obtained for DFI index is in
continuous figures, the model is applicable in this research to identify the degree of DFI
index across different quantiles.

To understand how every dependent variable impact and contribute across the degree
of DFI index; therefore, Eq. (1) can be expressed in Eq. (3) as follow:

0. (DFI;) = (t)Access; + (t)Usage; + ¢; 3)

Corresponding to Eq. (2), the significancy of each access and usage variables are
examined according to quantile as shown in Eq. (4):

QO+ (LNDFI;) = Boi(t) + LN B1i(t)MOB; + LN B2 (7)INT;
+LN B3i(t)INTB; + LN B4;(t)MMAGN; + LN B5;(t ) MMACC;
+LN Bei(t)INTPAY; + LN B7;(t)MOBREC; 4+ LN Bg;(t)MOBPAY;
+LN Bo;(T)INTINTB; + B1oiDUMLow () + &;

“4)

where t = 10, 20™, 30, 40, 501, 60, 70, 80™, and 90™ quantile.
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Table 2. List of 45 Emerging Markets and Developing Economy (EMDE) Countries

Afghanistan Cote d’Ivoire Malaysia Romania
Argentina El Salvador Mauritania Rwanda
Armenia Gabon Mexico Senegal
Bangladesh Ghana Mongolia Sri Lanka
Benin Guatemala Myanmar Thailand
Bolivia Honduras Namibia Togo
Botswana India Nicaragua Tunisia
Brazil Indonesia Nigeria Turkey
Cambodia Jordan Pakistan Uganda
Cameroon Kenya Panama Zambia
Congo, Dem. Rep. Madagascar Philippines Zimbabwe
Congo, Rep.

Note. Country named in bold is categorized as the low-income group country.

Where DF1; is digital financial inclusion index, Bo; is the intercept; MOB; is mobile
phone ownership (per 100 people); INT; is internet penetration (internet user % of
population); INTB; is internet bandwidth (Mbit/s); MMAGN; is mobile money agent
(per 100,000 adult); MMACC; is mobile money accounts ownership (% of aged 15 or
above); INTPAY ; is payment via internet (% of aged 15 or above); MOBREC; is receipt
of salary via the mobile phone (% of aged 15 or above); MOBPAY ; is payment of utility
via mobile phone (% of aged 15 or above); INTINTB,; is the interaction term; DUM[ ow
is the dummy variable for low-income group countries or the control variable and; &; is
the error term.

3.5 Data Collection

As for data collection, we rely on quantitative data retrieved from respondents to quantify
attitudes, attributes, and other defined variables by contextualizing the data obtained
through secondary sources. Cross-sectional data from 52 EMDE countries in 2017 is
collected in this research to observe the variables without time influence. Subsequently,
the data is filtered to 45 EMDE countries due to the incomplete data for 7 countries
namely Chile, China, Columbia, Dominican Republic, Peru, Vietnam and South Africa
(refer Table 2 for the list of sample countries). As for our variables, we have sourced from
IMF working paper, World Development Indicators, International Telecommunication
Union, Global Findex Data, Financial Access Survey to be incorporated within our
sample data (refer Table 3 for the sources of data).

3.6 Conclusion

In conclusion, Sect. 3 has outlined the research which adopts 45 EMDE countries as the
sample data to examine the driving factors of DFI Index among the emerging countries.
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Table 3. Sources of Data

305

Variables

Description

Sources

DFI Index

Digital financial services
provided through digital means,
including mobile money
operators, fintech companies,
others newly entering the
financial sector, as well as
internet and mobile banking
offered by traditional banks.

International Monetary Fund
(IMF) Working paper

Mobile ownership

The subscriptions of mobile
cellular telephone per 100
adults.

Internet penetration

Internet users measured in
percentage of population.

World Development Indicators

Internet bandwidth*
(International bandwidth)

The sum of used capacity for
the country’s internet traffic
exchanged measured in in
megabits per second (Mbit/s).

International
Telecommunication Union
(ITU)

Mobile money agents

The number of registered agent
outlets per 100,000 adults.

Mobile money account

The percentage of individual
aged 15 above who personally
utilising mobile money service
in the past 12 months.

Payment via internet

The percentage of individual
aged 15 above who pay bills via
internet in the past 12 months.

Salary receipt via mobile

The percentage of individual
aged 15 above who receiving
salary or wages from an
employment via mobile phone
in the past 12 months.

Utility payment via mobile

The percentage of individual
aged 15 above who personally
making regular utility payments
in the past 12 months via
mobile phone.

* Global Findex data
* Financial Access Survey
(FAS)

Using secondary data from the IMF, Global Findex, FAS, World Development Indicator
and ITU, for the access (mobile phone ownership, internet penetration, the numbers of
mobile money agent and internet bandwidth) and usage (mobile money account owner-
ship, payment via internet, receipt of salary via mobile phone and payment of utility via
mobile phone) variables. Referring to Khera et al. (2021a, b), a linear regression model
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is designed from the perspectives of access and usage and estimated using the OLS to
determine the significancy of each access and usage variables affect DFI index. Also,
quantile regression is carried out to study the how the access and usage variables act as
an influencer in specific DFI index quantiles.

4 Data Analysis

4.1 Introduction

In Sect. 4, the research analysis is processed using the sample data of 45 EMDE countries
to seek the relationship and significance of each access and usage variables on DFI
index. Analysis and discussion focusing on the two key variables: internet bandwidth
and mobile money agent network will be made on the results generated using EViews
software and Microsoft Excel. This section will be presented in two main components
which are the descriptive analysis on 45 EMDE countries and the empirical result of the
multiple linear regression model of DFI.

4.2 Descriptive Analysis of 45 EMDE Countries

The descriptive analysis will describe the behaviors and characteristics on both the DFI
index and access and supply variables among the 45 EMDE countries by displaying the
main data point: mean, median, standard deviation, minimum and maximum (Tables 4
and 5).

The descriptive statistics shows the DFI index (DFI) among the 45 EMDE coun-
tries ranged between 0.04 and 1.00 where the maximum is Ghana while minimum is
Afghanistan. The standard deviation displays a 0.236 dispersion from the mean value is

Table 4. Descriptive Statistics

Variables DFI |MOB INT INTB MMAGN
(Per 100 adults) | (% of (Mbit/s) (‘000) | (Per 100,000
population) adults) (‘000)
Mean 0.430 | 104.508 35.087 931.616 15263.264
Median 0.370 |99.156 31.700 161.625 0.010
Maximum 1.000 |175.597 80.140 9756.456 687000.000
Minimum 0.040 | 34.143 8.100 3.500 0.000
Std. Dev. 0.236 |29.874 19.994 1855.830 102000.000
Skewness 0.704 |0.029 0.569 0.003 0.006
Kurtosis 2.744 12.927 2.223 0.013 0.043
Jarque-Bera | 3.838 |0.016 3.556 0.246 3.319
Observations | 45 45 45 45 45

Note. DFI (digital financial inclusion index), MOB (mobile cellular ownership), INT (internet
penetration), INTB (internet bandwidth), MMAGN (number of mobile money agent).
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Table 5. Descriptive Statistics (Cont’)

Variables MMACC INTPAY MOBREC MOBPAY
(% age 15+) (% age 15+) (% age 15+) (% age 15+)
Mean 0.157 0.074 0.028 0.052
Median 0.071 0.054 0.014 0.028
Maximum 0.729 0.326 0.134 0.371
Minimum 0.007 0.003 0.000 0.000
Std. Dev. 0.167 0.065 0.032 0.064
Skewness 1.457 2.007 1.472 3.003
Kurtosis 4.671 7.480 4.830 14.700
Jarque-Bera 21.156 67.846 22.537 324.292
Observations 45 45 45 45

Note. MMACC (mobile money account), INTPAY (payment via internet), MOBREC (salary
receipt via mobile), MOBPAY (utility payment via mobile).

reflected from the extreme values recorded in the sample data where the top three per-
former of DFI index are Ghana, Kenya and Uganda reporting 1.00, 0.95 and 0.87 while
the three worst performers of DFI are Afghanistan, Madagascar and Congo Republic
reporting 0.04, 0.12 and 0.13 DFI index respectively. On average, it is observed that
median of the sample data is at 0.37 DFI index level which is below the average index
level of 0.43 indicating half amount of the 45 EMDE countries has yet to achieve the
average DFI index level. Also, the positive skewness of 0.704 displays that most of the
45 countries are still among the range of low DFI.

Based on previous literatures, the internet speed and agent network are claimed to
be the drivers of DFI (D’ Andrea & Limodio, 2019; Thulani et al., 2014). Linking to the
sample data, India tops the highest internet bandwidth at 9756.456 Mbit/s and has no
agent network in the country performed at 0.25 DFI index level. However, it is observed
that Bangladesh who performed at 0.66 DFI index has the strongest agent network with
687,000,000 number mobile money agent per 100,000 adults and 577,162 Mbit/s. Hence,
this led to the examination on driving factors of DFI in the following regression analysis.

4.2.1 Boxplot Analysis on DFI According to Income Group

The box plot analysis in Fig. 7 presents DFI index of 45 EMDE countries which are
classified according to the income group of low income, lower middle income and upper
middle income which ranged from 0.04 t0 0.87, 0.13 to 0.68 and 0.29 to 0.62 respectively
disregarding the two outliers (Ghana and Kenya) in the lower middle-income group.
Among the low-income group countries, the lower quartile countries are 0.46 index
away from the median and 0.67 index away from the upper quartile countries. This is
showing a wide gap between the high DFI performer (such as Afghanistan and Mada-
gascar) and the low DFI performer (such as Senegal and Uganda). The median of 0.64
is higher than the mean value of 0.53 which displays that over half of the low-income
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DFI Index According to Income Group
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Fig. 7. Boxplot of DFI index According to Income Group Among 45 EMDE countries

countries are performing above the average DFI index level. Compared to the lower mid-
dle income and upper middle-income countries with average DFI index level at 0.39 and
0.45 respectively, the low-income group countries appear to have the highest mean value.
Hence, this implies that the low-income group countries such as Zimbabwe, Rwanda,
Senegal and Uganda having DFI index ranged between 0.74 to 0.87 are well-performed
in DFI which reflects with literature evidencing the low-income country among emerg-
ing countries are well-performed in DFI as the substitute to the poor traditional financial
access Khera et al. (2021a, b).

4.2.2 Boxplot Analysis on Internet Bandwidth According to Quantile Group
of DF1

According to a few research previously mentioned in Sect. 2, it highlights that a large
adoption of MFS is due to the availability of high-speed internet. With higher speed
being provided to the public, it enhances the utilization of mobile to better access to
MEFS, which indirectly increases DFI (Perlman & Wechsler, 2019) (Table 6).

This assumption can be further shown in Fig. 8, as we can see that generally internet
bandwidth has a linear relationship with DFI. DFI index tends to increase when internet
bandwidth increases. Up until quantile 3, which contains countries with DFI index
ranging from 0.39 to 0.57, it shows that these countries have a high usage on internet
bandwidth to carry out financial transactions.

However, the usage of internet bandwidth plunged at quantile 4, which consist of
the highest DFI index’s countries. Since internet bandwidth does not show prominent
significancy in the countries with highest DFI, therefore it is suspected that mobile
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Fig. 8. Boxplot of Internet Bandwidth According to Quartile Group of DFI Among 45 EMDE
countries

Table 6. Average Internet Bandwidth According to DFI Quantile

Quantile | Average Internet Bandwidth (Mbit/s)
1 881882

2 988079

3 1202224

4 658800

Note. Figures portrayed are rounded up to the nearest
whole number.

money agent could be the catalyst of achieving high DFI index. As such, we proceed
to calculate the average of mobile money agent per 100,000 adults for all quantiles, in
order to verify our assumption.

4.2.3 Scatterplot Analysis Between DFI Against LNMMAGN

As multiple studies have shown that mobile money agent network plays a significant
role in promoting DFI, especially in emerging countries, the agent network is said to
be serving its purpose acting as a liaison between mobile money services and banks.
This also means that people who stay in rural areas where physical distance keeps them
from accessing formal financial services (Caputo, 2019), the agent network that is spread
out widely bridges the connection between unbanked population and financial services
(Figs. 9, 10, 11, 12 and Table 7).
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The scatterplots show the relationship between the DFI and LNMMAGN in each
quantile. There is an inverse relationship between the DFI and LNMMAGN in quantile
1 and quantile 3. This indicates as the outlet of mobile money agent increases, the
DFI level decreases. To explain this finding, the agent network may not be entirely
the key to increasing DFI for the countries included. However, in quantile 2 and 4,
a positive relationship is identified which exhibits that mobile money agent plays an
important factor as the DFI level of the countries increases along with the increment in
LNMMAGN.

Segregating according to quantile, the average of the mobile money agent is the
highest in the fourth quantile, which amounts to 62,440,431 agents per 100,000 adults
due to the presence of an outlier (Bangladesh) with a high concentration of mobile
money agent distribution, all thanks to bKash that is very popular among Bangladeshis.
Also, since Bangladesh is classified as a lower-middle income country, the result shown
portrays as evidence for our hypothesis where DFI increases when mobile money agent
increases in emerging countries. Moreover, this result has testified our assumption where
mobile money agent acts as the key determinant in promoting DFI among countries
holding the highest DFI index.

4.3 Empirical Result of the Access and Usage Variables on DFI

To estimate the multiple linear regression, the Ordinary Least Square Method (OLS)
method is adopted to determine the relationship between the explanatory variables and
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Fig. 9. Scatter Plot of DFI against LNMMAGN in Quantile 1
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Fig. 10. Scatter Plot of DFI against LNMMAGN in Quantile 2

DFI using sample data of 45 EMDE countries. Table 8 shows the estimation result on
how the independent variables affect the DFI (Table 9).

As shown in Table 8, the OLS estimates reported in column (1) suggest that that the
key determinants which statistically significant in explaining DFI are mobile ownership,
internet bandwidth, mobile money agent, payment using internet and mobile money
account ownership that portrays an expected positive relationship as stated in previous
literatures. Also, our result display that low-income countries have an average 0.422
higher DFI index than the other income group. This is explained as those low-income
countries have a high usage of mobile money agents instead of using traditional ATM
machines, and it is further supported by the result of the estimation where mobile money
agent shows 5 percent significantly in explaining DFI.

As mentioned in Sect. 2, mobile phones aid the unbanked and underbanked to access
DFS, which implicitly boost DFI (Perlman & Wechsler, 2019). This can be seen in our
result generated where ownership of mobile has the highest significancy of 1 percent
in explaining DFI. With mobile, one can simply access to MFS with the ownership of
mobile money account. The account ownership is crucial in filling the gap of people
who has yet to have access to financial services. As estimated, our result shows mobile
money account is vital in defining DFI with a significancy of 5 percent.

Moreover, one of the services offered by MFS is payment services, and this could
not be done without the help of internet. Therefore, payment via internet is essential
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Fig. 11. Scatter Plot of DFI against LNMMAGN in Quantile 3

in explaining DFI where it shows a 5 percent significant impact in our estimated out-
come. Lastly, internet bandwidth is important as mentioned by D’ Andrea and Limodio
(2019) where high-speed internet aids in boosting the adoption of financial technolo-
gies; therefore, enhances DFI. Similarly, indicated in our result that internet bandwidth
is significant in explaining DFI at 10 percent. Overall, the proposed economic model
is significant at 1 percentage significance level and 78.28 percent of the DFI index is
explained by the independent variables.

Nevertheless, in the diagnostic test, the Breusch Pagan Godfrey Test under the OLS
estimation has shown a test statistic of 24.610 which detected that the regression suffers
from heteroskedasticity problem. As the data of 45 EMDE countries are not normally
distributed, so making it no longer the most efficient linear estimator. Therefore, using
the OLS regression analysis might not be the best method to estimate our sample data
as it is less likely to accurately determine the relationship between the determinant
variables and the DFI index. Therefore, quantile regression analysis kicks in to evaluate
the specific effect of the explanatory variables in explaining DFI index by considering
the conditional median rather than the mean value.

According to the result of quantile regression, the DUM_LOW is positively asso-
ciated with DFI and shows significancy over the quantiles except for the 20! quantile.
It is observed that the magnitude of the DFI to be explained by low-income country
increases from the 10™ quantile to the 60" quantile then decreases to the 90" quantile.



Mobile Money Agent Network 313

1.0 .
0.9
= 0.8
0.7
0.6
0 5 10 15 20 25
LNMMAGN

Fig. 12. Scatter Plot of DFI against LNMMAGN in Quantile 4

Table 7. Average Number of Mobile Money Agent according to DFI Quantile

Quartile Average Mobile Money Agent (per
100,000 adults)

1 69

2 53

3 66

4 62440431

Note. Figures portrayed are rounded up to the nearest
whole number.

Since poorer household tends to fall under the population of unbanked, the result fully
portrays how DFI has blossomed in low-income countries since they have been encoun-
tering major barriers of high cost and physical distance in achieving TFI (Unnikrishnan
et al., 2019; Caputo, 2019). The low cost associated with digital payment and mobile
phone technologies could be the main reason that fuels the success of DFS.

Next, the LNINT and LNINTB are statistically significant at the 20", 30", and
40" quantile, and this indicates that internet penetration and internet bandwidth does
play quite an important role in explaining DFI index. This has further confirmed the
conclusion obtained from a study published by D’ Andrea and Limodio (2019), where
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Table 8. Consolidated Result Table

Variable OLS Q10 Q20 Q30 Q40
C -6.556 -6.909 -8.259 -7.854 -8.467
(1.613)*** (2.978)** (2.620)*** | (2.248)*** | (2.365)***
LNMOB 0.750 0.894 0.900 0.660 0.719
(0.223)*** 1 (0.361)** (0.430)%** (0.259)%** (0.290)**
LNINT 0.753 0.894 1.099 1.199 1.268
(0.486) 0.641) (0.588)* (0.564)%** (0.613)%#:*
LNINTB 0.281 0.305 0.383 0.388 0.383
(0.139)* (0.191) (0.214)* (0.163)%** (0.171)%**
LNMMAGN 0.032 0.059 0.042 0.041 0.044
(0.018)* (0.036) (0.034) (0.023)* (0.023)*
LNMMACC 0.267 0.173 0.213 0.178 0.1387
(0.103)%** 0.273) (0.335) (0.189) (0.1619)
LNINTPAY 0.248 0.543 0.375 0.280 0.255
(0.103)%*:* (0.196)*** | (0.340) (0.232) (0.234)
LNMOBREC 1.5494 -8.537 -6.107 -3.396 1.8099
(3.030) (9.094) (10.311) (8.746) (4.1874)
LNMOBPAY -1.343 2.075 1.298 1.050 -0.256
(1.668) (3.274) (3.729) (3.330) (2.389)
LNINTLNINTB | -0.063 -0.081 -0.095 -0.096 -0.097
(0.040) (0.054) (0.059) (0.047)** (0.050)*
DUM_LOW 0.442 0.495 0.500 0.532 0.573
(0.160)*** | (0.220)** (0.3202) (0.264)* (0.257)%**
Sample Size (N) 45 45 45 45 45

Note. ()*, O)**, ()*** represents the rejection of null hypothesis at 10%, 5% and 1% significance
level. The standard error is written in the parentheses. The terms are represented as: C (the inter-
cept), DFI (digital financial inclusion index), MOB (mobile cellular ownership), INT (internet
penetration), INTB (internet bandwidth), MMAGN (number of mobile money agent), MMACC
(mobile money account), INTPAY (payment via internet), MOBREC (salary receipt via mobile),
MOBPAY (utility payment via mobile), DUM_LOW (dummy variable for low-income country
as control variable) and INTINTB (interaction term between internet penetration and internet
bandwidth).

high-speed internet has contributed towards the large-scale adoption of financial tech-
nologies. This is because faster speed of mobile broadband could enhance graphical
interfaces which directly increases users’ satisfaction. Although these 2 variables have
shown some significancy in certain quantiles, however it may not be the full answer in
explaining as one of the key drivers of DFI.

Moreover, internet and the interaction term (between internet and internet bandwidth)
which was previously insignificant in OLS estimation now shows significancy at the 30"
and 40" quantiles, but negatively correlated to the DFL This could further confirm our
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Table 9. Consolidated Result Table (Cont’)

Variable Q50 Q60 Q70 Q80 Q90
C -7.863 -5.282 -4.391 -4.590 -6.563
(4.676) (2.251)%** (2.461)* (2.114)%* (2.211)%**
LNMOB 1.051 0.941 0.851 0.815 0.788
(0.365)%:** (0.463)** (0.405)%** (0.341)%** (0.341)%**
LNINT 0.503 -0.156 -0.424 -0.278 0.482
(1.529) (0.854) (0.869) (0.732) (0.849)
LNINTB 0.203 0.050 -0.064 -0.023 0.200
(0.369) (0.214) (0.234) (0.198) (0.255)
LNMMAGN 0.038 0.030 0.062 0.061 0.026
(0.020)* (0.019) (0.033)* (0.031)* (0.022)
LNMMACC 0.157 0.208 -0.007 0.003 0.103
0.137) (0.173) (0.268) (0.225) (0.149)
LNINTPAY 0.137 0.067 0.037 0.052 0.070
(0.172) (0.177) (0.169) (0.138) (0.103)
LNMOBREC 3.105 1.713 2.189 2.098 9.280
(4.489) (3.533) (3.330) (2.759) (5.994)
LNMOBPAY 0.021 1.756 4.764 4.272 -1.446
(2.251) (5.562) (7.021) (5.841) (2.865)
LNINTLNINTB -0.040 0.008 0.032 0.020 -0.042
(0.104) (0.060) (0.064) (0.054) (0.066)
DUM_LOW 0.607 0.687 0.667 0.656 0.522
(0.346)* (0.247)%** (0.262)%** (0.229) %3 (0.200)%**
Sample Size (N) 45 45 45 45 45

Note. ()*, )**, ()*** represents the rejection of null hypothesis at 10%, 5% and 1% significance
level. The standard error is written in the parentheses. The terms are represented as: C (the inter-
cept), DFI (digital financial inclusion index), MOB (mobile cellular ownership), INT (internet
penetration), INTB (internet bandwidth), MMAGN (number of mobile money agent), MMACC
(mobile money account), INTPAY (payment via internet), MOBREC (salary receipt via mobile),
MOBPAY (utility payment via mobile), DUM_LOW (dummy variable for low-income country
as control variable) and INTINTB (interaction term between internet penetration and internet
bandwidth)

assumptions where there may have been another major key driver in achieving higher
DFI.

Therefore, we have directed our focus onto the outlet of mobile money agent which
shows significancy across the 30" quantile to 80™ quantile (except for the 60" quantile),
signifying that DFI index could be explained by the agent network. This result matches
past studies where researcher has pointed out how important the role of agent network
is in connecting unbanked population to financial services (Caputo, 2019). As the agent
model comes at a low cost, agent network is said to be expanding rapidly in Latin
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America and South Asia, boosting financial inclusion. Thus, this could be how agent
network kicks in, playing a better role in explaining DFI since it shows significancy in
more quantiles.

4.4 Conclusion

Out of all 10 variables estimated in Sect. 4, there are 7 variables which are adopted
from the research paper by Khera et al. (2021a, b), while the newly added variables are
internet bandwidth, dummy variable of low-income countries and interaction term of
internet penetration and internet bandwidth. We started off by running OLS estimation to
examine the relationship between dependent and independent variables, and our results
have indicated the significancy of internet bandwidth, payment via internet, mobile
money agent, mobile money account and mobile money ownership in explaining DFI.

However, after running diagnostic test upon the OLS regression, our finding is found
to be suffering from the problem of heteroskedasticity, hence we continued to carry out
quantile regression analysis to further evaluate our sample data. Among the 7 variables,
our findings suggest that only internet penetration, internet bandwidth, payment via
internet, mobile ownership, and mobile money agent displays a significant relationship
in explaining DFI in their respective quantile. As for the 3 newly added variable, all
shows a significant impact in determining DFI. Hence concluding that, our estimated
results align with what we hypothesized.

5 Discussion, Conclusion and Implication

5.1 Introduction

Concluding our research, it is proven that our estimated result aligns with our hypothesis
using the quantile regression where there are two major ways in aiding individuals to be
financially included, especially those located in low-income countries. As approaches
to TFI are costly as compared to DFI, the assistance of internet penetration supported by
high internet bandwidth and further topped with the mobile money agent network are
potential boosters for DFI among emerging countries.

5.2 Discussion of Key Findings

To summarize our research, specifically we can come to a conclusion that, among all
variables, our results have identified the key digital-focused (access and usage) deter-
minants of DFI for emerging countries. Since OLS regression faced trouble passing the
diagnostic test, we have opted the findings obtained from quantile regression. These key
factors include internet penetration, internet bandwidth, payment via internet, mobile
money agent, and mobile money ownership, whereby they are significant in playing
the roles of explaining DFI index from the access and usage perspectives. Hence, these
findings have confirmed our hypotheses in which these five explanatory variables are
positively associated in determining DFI in emerging countries.

Moving on, our focal point shifts towards the role played by digital connectivity
in promoting DFI. Although internet penetration, internet bandwidth, internet payment
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and the interaction term of internet penetration and internet bandwidth displays a lower
significancy, but they remain significant in certain quantile, ranging from the 10" to 40
quantile, which is among countries with low DFI index. An example behind this rationale
can be seen from Nigeria who has a low DFI index of 0.15. According to Danbatta, the
Executive Vice-Chairman of Nigerian Communications Commission (NCC) (as cited
by Adepetun, 2021), technology, internet, and more importantly broadband speed are
crucial in aiding Nigeria to achieve the targeted DFI percentage. Since 2015, there has
been a considerable growth in broadband penetration, from 6 percent to 42.9 percent as
of January 2021, with 81.9 million Nigerians now having access. NCC has also launched
a few initiatives to strengthen the country’s mobile lines to allow more people to have
access to high-speed internet. Coming back to our research, digital connectivity has
played quite an important role in promoting DFI, especially in countries with low DFI
index, however, this may not be the case for countries with high DFI index.

While we are investigating further to reveal the backbone that boosts country towards
high DFI, the mobile money agent network has caught our attention by portraying more
significancy in promoting DFI. The variable of mobile money agent shows higher signif-
icancy in 30, 40, 50", 70" and the 80" quantile. Hence, this result has managed to
unveil the hidden element in driving emerging countries towards high DFI, in which we
can deduce that agent network has exhibited quite an impressive job in promoting DFI.
This estimation result also aligns with the research done by International Telecommuni-
cation Union (ITU) in Nigeria (as cited by Adepetun, 2021) where they mentioned the
major characteristics that represent DFI are usage of mobile for financial transaction and
an intermediary like agents for cash in and out purposes. Following up is mobile own-
ership that shows the highest significancy in all quantiles, concluding that regardless of
which income group the country is in, ownership of mobile helps them to achieve DFI.
Since the agent network cannot work without mobile ownership, these two variables
are said to come in a pair, further confirming our assumptions where agent network has
played a crucial role in promoting DFI among emerging countries.

5.3 Implications of the Study

Our studies imply that through the incorporation of digital technology and financial
products, it could aid in boosting financial inclusion digitally. This is important to gov-
ernment and financial services and products provider in respective countries as it sets the
right direction for them in innovating the right products and services in the future. For
instance, it also means that traditional financial products are no longer the key player in
achieving financial inclusion. With the power of digitalization, DFI could be a turning
point that can be easily outperform TFI in the near future.

Additionally, the findings are hints to policy maker for the improvement of the
current financial development blueprint among the emerging countries in facilitating the
problem of unbanked, underbanked, or financially excluded people. Especially to those
living in distant areas or the low-income countries, they could be financially included
with the catalyst of high internet bandwidth to improve the access to DFS as well as the
agent network to provide basic financial services to the users. Before digitalization kicks
in, the world revolves on TFI, but unbanked population still exist in the 21% century. It
clearly shows that there are loopholes in TFI and henceforth DFI is able to blossom. For
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example, usage of mobile money agent instead of ATM machines would strip off the
cost associated previously in traditional financial products, i.e., traveling cost from the
user’s place to designated ATM outlet and many other costs associated while traveling.

Besides, our research is constructed based on the access and usage of DFS which
analyses how different combination of approach and usage of DFS can enhances DFI.
In particular, this research also addresses the lack of attention in how internet bandwidth
could affect the usage of DFS, and as such internet bandwidth is added in the research
as a new variable for the estimation. While internet and internet bandwidth come in
a package, both are mutually exclusive in creating a holistic experience to an internet
user. Hence, this is a sign to government or any other related professional bodies to
really look into this matter and initiate programs or policies that would enhance access
to high-speed internet.

Lastly, as proven in our research that access and usage to financial products and
services via the digital way is feasible as most of the digital determinants shows a
significancy in explaining DFI. Other than that, using the digital approach is more cost
effective especially to those low-income and low-density population as compared to the
primitive way. Not only it benefits users, but it also grants financial services provider in
easily managing their clients, as normally it is more costly to set up bank branches or
ATM branches in comparison to expanding the agent network in all over the country.

5.4 Research Gaps and Recommendation for Future Directions

In spite of remarkable result in our research, we still have several limitations that could
potentially improve on in future studies. The major limitation of our research is the lack
of comprehensive data. Initially, we intend to conduct research on the evolution of DFI
from the 20" century among all different countries. However, the data for explanatory
variables to measure DFI index is only available during the 21 century starting from year
2011. Hence, this has limited our research to only look into cross sectional data. Besides,
the dependent variable of the research (DFI index) is a new measurement proposed by
the IMF in which digital aspects of inclusion are incorporated. Henceforth, DFI index
is only available for 52 EMDE countries which has limited our sample size.

Furthermore, the data for the explanatory variables extracted from the Global Findex
data by the World Bank is only available every three years (2011, 2014 and 2017). While
the data for 2021 is yet to be updated, our research data is extracted from Global Findex
data by the World Bank in year 2017. This does not accurately reflect the latest situation
of the countries’ financial inclusion status, as it does not take into account numerous
factors that could possibly speed up the financial inclusion process, i.e., digitalisation
driven by the outbreak of covid-19 pandemic.

Moving forward, for future researchers who intend to further research on the key
determinants on accelerating DFI could adopt the latest dataset released by The Global
Findex Database 2021 from The World Bank. The data includes revised indicators on
access to and use of formal and informal financial services as well as digital payments
which could provide greater perceptions into behaviours that support financial resilience
and enhancing financial inclusion. Moreover, the data contains national representative
surveys of over 125,000 adults in 123 economies during the COVID-19 pandemic.
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Precisely, it also addresses gaps of access to and usage of financial services amongst
women and poor adults.
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