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Abstract: This study sought to investigate the impact of Al on digital financial inclusion. Digital
financial inclusion is becoming central in the debate on how to ensure that people who are at the
lower levels of the pyramid become financially active. Fintech companies are using Al and its
various applications to ensure that the goal of digital financial inclusion is realized that is to ensure
that low-income earners, the poor, women, youths, small businesses participate in the mainstream
financial market. This study used conceptual and documentary analysis of peer-reviewed journals,
reports and other authoritative documents on Al and digital financial inclusion to assess the impact of
Al on digital financial inclusion. The present study discovered that Al has a strong influence on digital
financial inclusion in areas related to risk detection, measurement and management, addressing
the problem of information asymmetry, availing customer support and helpdesk through chatbots
and fraud detection and cybersecurity. Therefore, it is recommended that financial institutions and
non-financial institutions and governments across the world adopt and scale up the use of Al tools
and applications as they present benefits in the quest to ensure that the vulnerable groups of people
who are not financially active do participate in the formal financial market with minimum challenges
and maximum benefits.

Keywords: artificial intelligence; digital financial inclusion; finance; industry 4.0

JEL Classification: G2; G4; O; O16

1. Introduction

Digital financial inclusion is increasingly becoming central in the debate on how to ensure that
people who are at the lower levels of the pyramid become financially active (Peric 2015). Banks and
non-bank institutions are coming together to widen financial access using digital financial approaches
to include those who are financially excluded and the underserved populations (Peric 2015). Banks
and non-banking institutions are building on digital ways that were in use for years through the direct
application of artificial intelligence (AI) to improve access even to the people who were previously
served by the formal financial institutions (Alameda 2020; Peric 2015). The fourth industrial revolution
is bringing changes in the traditional banking sector built in the industrial revolution premised on
paper and physical distribution of cash (Alameda 2020).

The term fintech or financial technologies is used to describe different innovative business models
that have great potential to transform the financial services industry (Mamoshina et al. 2018). The
fintech business model offers various financial products or services in an automated fashion through
the wide use of the internet (Paul 2019). Technologies that are driving industry 4.0 such as Al, machine
learning, cognitive computing and distributed ledger technologies can be used to supplement fintech
new entrants and traditional incumbents (Lopes and Pereira 2019a). Some other Al technologies that
can be applied in the fintech sector to promote financial inclusion including audio processing, knowledge
representation, speech to text, deep learning, expert systems, natural language processing, machine learning

Int. J. Financial Stud. 2020, 8, 45; doi:10.3390/ijfs8030045 www.mdpi.com/journal/ijfs


http://www.mdpi.com/journal/ijfs
http://www.mdpi.com
https://orcid.org/0000-0002-8512-2124
http://dx.doi.org/10.3390/ijfs8030045
http://www.mdpi.com/journal/ijfs
https://www.mdpi.com/2227-7072/8/3/45?type=check_update&version=2

Int. |. Financial Stud. 2020, 8, 45 2of 14

(ML), robotics, and symbolic logic (Paul 2019). It is believed that the popularity of Al technologies boomed
in 2011 when companies like Google, Microsoft, IBM and Facebook embarked on a massive investment
in Al and machine learning to be applied in the commercial space.

The traditional banking market is equipped with millions of customers with a history that
spans over hundreds of years, and some of these customers may be worth billions (Alameda 2020;
Peric 2015). The challenge which is currently there is that these customers are not digital (Alameda 2020;
Loufield et al. 2018). On the other hand, fintech start-ups have a rich digital vision but to win the trust
of customers is a huge obstacle to them (The World Bank 2020). The occurence of the disturbances
caused by COVID-19 brought another perspective of fintech to customers as it was the only option
available to engage in banking as well as buying. Banks resorted to digital banking while shopping
in many countries was done online using various banking applications to perform transactions. In
addition, the existence of various tech corporations like Google, Apple, Facebook Amazon in America
and Baidu, Alibaba and Tencent in Asia who take pride in having millions of customers with financial
returns in the billions and decades of history and a pure digital vision will act as examples a for banks
to embrace digital technology and to understand the importance of Al in finance (Alameda 2020).

The World Bank stated that digital financial services which include the use of mobile phones
have been launched in more than 80 countries (The World Bank 2020; Chu 2018). As a result, millions
of formerly excluded and underserved poor individuals are migrating from cash-based transactions
to formal financial services where a variety of services like payments, transfers, credit, insurance,
securities and savings are offered to them (The World Bank 2020). Mobile phones and other digital
tools including Al are widely used and the rate at which financial inclusion is rising is commendable
(Salampasis and Mention 2018; Bill & Melinda Gates Foundation 2019). With digital financial inclusion,
financial services are provided to customers at an affordable cost in ways that are sustainable to
customers (Gomber et al. 2017). Digital financial services provide unlimited benefits to the previously
excluded customers but it comes with a lot of risks which result from the introduction of non-financial
firms in the provision of new technologies used in the process (The World Bank 2020; Rathi 2016).

Another risk in digital finance lies in the existence of new contractual relationships between
financial institutions and third parties which involve the use of agent networks, other risks result from
different regulatory treatment of deposit-like products as compared to real deposits, there are other
risks which result from unknown and unpredictable costs to inexperienced and vulnerable consumers,
together with risks that result from the use of new kinds of data which come with new privacy and
data security issues (The World Bank 2020; Rathi 2016). However, experts are indicating that the use
of Al (particularly algorithms) can help to fight some of the risks (Chu 2018; Killeen and Chan 2018).
Motivated by the fact that in the industry 4.0, Al is increasingly becoming common while on the other
hand digital financial inclusion is becoming central in the debate on how to ensure that people who are
at the lower levels of the pyramid become financially active, for instance, groups of women, youths,
small businesses among many disadvantaged groups. This study, therefore, intends to investigate the
impact of Al on digital financial inclusion, that is to understand the channels in which Al can help to
improve financial inclusion.

1.1. History and Definition of Digital Financial Inclusion

Financial inclusion refers to the number of adults having access to banking or financial services.
The Global Findex Survey reported that in the 15+ age group, 79.9% of the population had accounts
with financial institutions in the year 2017 (Demirguc-Kunt et al. 2017). This meant a strong growth
compared to 53.1% reported in the previous edition of the survey in 2014, and 35.2% in 2011. Nearly
half of the world’s adult population (or 3.5 billion people) are unbanked and underbanked (with
limited or non-transactional access to finance). Of these 1.7 billion adults in the world without an
account, China, India, Pakistan and Indonesia account for the largest unbanked persons.

The first step towards financial inclusion is having an account (Sarma 2015). Increasingly,
digital payments are being used for financial transactions (Muneeza et al. 2018). Digital financial
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inclusion is explained by the World bank as the deployment of cost-saving digital means to reach the
financially excluded and the generally underserved population groups with formal financial services
that are tailor-made to satisfy their needs (Alameda 2020). Wang and He (Wang and He 2020) also
described digital financial inclusion as broad access to and use of formal financial services by the
excluded or underserved individual. Digital financial inclusion began to attract the attention of many
people as a result of the success of M-PESA, one of the payment innovations introduced in Kenya
(Beck et al. 2018). With M-PESA, mobile money is used for digital payments (Dubus and Van Hove
2017; Van Hove and Dubus 2019). According to Wang and He (Wang and He 2020), digital financial
inclusion in China represents more than a payment instrument as it includes three basic business
formats which include digital payments, digital investment and digital financing.

Digital financial inclusion put more emphasis on the importance of information communication
technology (ICT) in expanding the scale as well as the use of financial services by the previously
disadvantaged individuals (Lauer and Lyman 2015; Wang and He 2020). The journey started with
microcredit, microfinance and financial inclusion, then the journey is now striving for digital financial
inclusion (Lauer and Lyman 2015). The word microcredit was first used to refer to institutions like the
Grameen Bank of Bangladesh which was created to provide small loans to the poor (Chatterjee and
Sarangi 2006; Wang and He 2020). In the early 1990s, the word microcredit was dominating before it
was replaced by the word microfinance which was described as the supply of a variety of financial
services which include savings, insurance, loans (Karlan and Morduch 2010; Wang and He 2020).

The field-based operation which was used by banks like Grameen where microcredit, microfinance
and financial inclusion was developed, weakened the efficiency of these banks in serving the poor
(Visser and Prahalad 2013). The existence of ICT and Al made it possible for financial inclusion to
change to digital financial inclusion which is the fourth stage which will change the lives of those
individuals at the bottom of the pyramid (Visser and Prahalad 2013). Wang and He (Wang and He
2020) indicated that to do business with people at the bottom of the pyramid requires unique business
models and radical innovations such as AL. Wang and He (Wang and He 2020) noted that digital
financial inclusion is different from traditional financial inclusion because digital financial services
reduce transaction costs in rural areas due to lower marginal costs. When relying on ICT digital
financial services require no physical outlets. However, coming up with new technologies face higher
start-up costs to have them established, but their marginal costs normally move towards zero when
business volume increases (Liao et al. 2020).

The use of Al and various ICT tools helps to overcome the major problem of traditional financial
inclusion which is information asymmetry (Gomber et al. 2017). Online services and products offer
a lot of information to customers which could not be accessible without the use of digital services.
The availability of this information helps to reduce information asymmetry between the financial
institutions and individuals (Gomber et al. 2017).

The important components of digital financial inclusion include but are not limited to digital
transaction platforms, which allow customers to make payments and to store electronic value (Peric
2015; GPFI 2017). The other important aspect provided by digital finance is devices which are used
by customers which can either be digital devices like mobile phones that can transmit information
or instruments like payment cards that can be used to connect with digital devices like point of sale
terminals (Alameda 2020; Bill & Melinda Gates Foundation 2019). Moreover, digital financial inclusion
is characterized by retail agents with digital devices connected to communication infrastructure that
will transmit and receive transaction details. This activity allows customers to convert cash into
electronically stored value also referred to as cash in or to convert back the stored values back into
cash which can also be referred to as cash-out (Peric 2015). With digital financial inclusion, additional
financial services like credit, insurance and even savings can be offered by banks and non-banks to the
financially excluded and those underserved individuals through digital tools like Al

As articulated by Peric (2015) the benefits of digital financial inclusion include access to formal
financial services by the financially excluded individuals, and the fact that digital financial services
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and products are offered at a lower cost to the customer and the provider. This allows customers
to transact in irregular tiny amounts to assist them to manage their uneven incomes (Koh et al.
2018). Additionally, with digital financial inclusion, it is possible to have additional financial services
tailor-made for customers’ needs and financial circumstances which are made possible by the value
storage services embedded in it and the data generated within it (Bourreau and Valletti 2015). Digital
financial services also help to reduce risks of loss, theft, and other financial crimes posed by cash-based
transactions, as well as the reduced costs associated with transacting in cash and using informal
providers (Muneeza et al. 2018). Again, it can also promote economic empowerment by enabling asset
accumulation for women, in particular, increasing their economic participation (David-West 2015;
Peric 2015).

1.2. Industry 4.0

Industry 4.0, also known as the fourth industrial revolution, can be described as the advent of
cyber-physical systems involving entirely new capabilities for people and machines (Schwab 2015).
While these capabilities are reliant on the technologies and infrastructure of the third industrial
revolution, the 4IR represents entirely new ways in which technology becomes embedded within
societies and even our human bodies (Schwab 2015). 4IR is defined as the fusion of technologies that is
blurring the lines between the physical, digital, and biological worlds (Schwab 2015; Moloi 2020). The
term 4IR was first coined by Klaus Schwab, founder and executive chairman of the World Economic
Forum. “The 4IR is sometimes described as an incoming thunderstorm, a sweeping pattern of change visible
in the distance, arriving at a pace that affords little time to prepare. While some people are ready to face the
challenge, equipped with the tools to brave the change and take advantage of its effects, others do not even know a
storm is brewing” (Deloitte 2018a).

The 4IR is affecting almost every facet of our daily life, impacting how individuals relate to
technology and changing how and where work is done (Schwab 2019). Another way to have an
understanding of industry 4.0 is to appreciate the technology used in this revolution. Some of
the technologies include artificial intelligence and robotics, ubiquitous linked sensors, virtual and
augmented realities, additive manufacturing, blockchain and distributed ledger technology, advanced
materials and nanomaterials, energy capture, storage and transmission, new computing technologies,
biotechnologies, geoengineering, neurotechnology, space technologies. These are some of them that
are driving the fourth industrial revolution in the 21st century (Schwab 2019; Moloi 2020).

1.3. Brief Definition and History of Artificial Intelligence

As propounded by Hassani et al. (2020), artificial intelligence has multiple definitions. As a result,
no one definition can define artificial intelligence (Hassani et al. 2020). Legg and Hutter (2007) came
up with 70 definitions of artificial intelligence covering multiple views. Colom et al. (2010) defined
artificial intelligence as a general mental ability for reasoning, problem-solving, and learning while
Snyderman and Rothman (1987) defined artificial intelligence as a general mental ability for reasoning,
problem-solving, and learning. Gottfredson (1997) also defined artificial intelligence where more
emphasis was given to learning swiftly and the ability to learn from experiences. Hassani et al. (2020)
also defined Al as an intelligent system created to use data and to analyze the data as well as involving
the performance of certain tasks without the need for programming. Al has a strong capacity to create
a foundation for decision making and support through insights and results, collected from vast and
complex data sets which are compressed into the manageable scale (Hassani et al. 2020).

There were generations of scientists, mathematicians and philosophers who had the concept of Al
in their minds by the 1950s (An Editorial with 52 Researchers 1994). Gottfredson (1997) insinuated that
the history of Al began in the periods of human classical civilization with myths and rumours of artificial
beings endowed with intelligence or consciousness by master craftsmen. The attempt by the classical
philosophers to describe the process of human thinking as the mechanical manipulation of symbols
gave more meaning to the concept of Al (Colom et al. 2010). As articulated by Colom et al. (2010),
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the effort in describing human thinking as mechanical manipulation culminated in the invention
of programmable digital computers in the 1940s. These programmable computers were machines
premised on the abstract essence of mathematical reasoning (Hassani et al. 2020). The ideas around the
developed device influenced several scientists to start discussing, with seriousness, the possibility of
coming up with an electronic brain (Gottfredson 1997).

According to Hassani et al. (2020), artificial intelligence was mentioned for the first time in 1956 at
a computing conference. In 1956 in a workshop at Dartmouth College during the summer of 1956, the
research on Al began. The people who attended the workshop became the leaders of Al for decades
(Hassani et al. 2020). Considerable investment in AI boomed in the first decades of the 21st century
due to availability of large data sets, powerful computer hardware and due to the availability of new
methods. This motivated the application of machine learning to many problems in academia and
industry (Frank 2019; Hassani et al. 2020). In this century Al has evolved from being an academic field
to become a key factor in the social and economic mainstream technologies including banking, medical
diagnosis, autonomous vehicles as well as voice-activated assistance (Frank 2019).

1.4. Literature Review

The literature on digital financial inclusion is available, especially literature on how mobile phones
are increasingly influencing financial inclusion. Ozili (2018) insinuated that digital financial inclusion
is a critical component of the efforts applied in trying to include the groups of people who are not
part of the formal financial system. Ozili (2018) went on to argue that digital finance is beneficial to
financial users, providers governments and the general economy. However, Ozili (2018) believes that
there are many issues which still need to be resolved in digital finance, about regulation among others.

Additionally, Dawei et al. (2018) also argued that it is a paradox in a globalized world to have a
third of the population who are not part of the formal financial system, yet literature points out that
financial services can assist to improve the welfare of the households and to promote small businesses.
Dawei et al. (2018) believes that the inherent limitations of the conventional financial system hinder
the prospects of the excluded population. However, Dawei et al. (2018) believes that digital financial
inclusion through digital currency and mobile technology can help penetration of financial systems in
the unserved parts of the world or country. It is believed that the high cost for small-ticket financial
transactions makes these services virtually impossible and unavailable (Dawei et al. 2018).

Dawei et al. (2018) went further to state that digital currency and mobile technology allow small
transactions at an affordable cost which is a benefit to small businesses and vulnerable groups. Digital
currency and mobile transactions can also help to reduce time and to make transactions in bulk and
with accuracy (Dawei et al. 2018). Many developing nations such as Brazil, India, Nigeria and other
African nations like Kenya and Zimbabwe embraced mobile technology to overcome the problem of
financial exclusion.

Sapovadia (2018) also argued that digital financial inclusion is different from traditional banking
in that it serves the clients without requiring historical records. Sapovadia (2018) went further to
state that digital financial inclusion uses data technology and Al to unravel credit assets of clients
and mitigate information asymmetry. It is believed that the availability of Al and big data allow the
use of alternative information like shopping history, online behavior pattern, transaction record and
many other potential information sources of information not common to the convectional banking for
credit scoring. Credit Ease Financial Cloud is one of the examples of big data which provides open
and always accessible functions of anti-fraud, risk management, real-time loan granting and targeted
marketing to external and internal people.

In addition, Levin et al. (2018) also argued that the crisis of the 1960s created the need for the
growth and development of electronic trading and the development of financial services technology.
The author believes that technology like Al is important in the financial sector as people are preparing
for the new era. Hotchkiss and Lee Kuo Chuen (2018) support Levin et al. (2018), Hotchkiss and Lee
Kuo Chuen (2018) argued that the development of innovations like fintech and blockchain technology
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has taken the attention off the people around the world and the attention of the banking world.
Hotchkiss and Lee Kuo Chuen (2018) stated that digital financial inclusion is doing great things in
Myanmar, one of the fastest-growing economies in Southeast Asia where approximately 52 million
people who live in the country are gaining access through digital financial inclusion.

Killeen and Chan (2018) also stated that bitcoin blockchain is creating new ways of transacting
with security without the need for an intermediary. Killeen and Chan (2018) went on to insinuate that
the use of ledger to verify and record identity and asset ownership for individuals to have access to the
transactional account is free from the limitation associated with centralized controls when blockchain is
used. Killeen and Chan (2018) believe that blockchain is satisfying the old needs previously served by
convectional banks more efficiently which risks rendering the existence of the old central institutions
like development banks and large scale investment firms obsolete. Killeen and Chan (2018) further
argued that global financial institutions must try to respond swiftly to the changes in culture and
dynamic values accompanied by blockchain innovation.

David-West (2015) also believes that digital financial inclusion can help many households who
were previously excluded to have access to formal financial services. David-West (2015) believes that
documentation requirements, costs and literacy issues are some of the factors forcing households and
individuals to adopt informal financial services. The existence of mobile money and digital currency
has revolutionized the traditional perspective of financial access and inclusion. Moreover, digital
financial currency and mobile money have led to the introduction of new financial service providers
such as mobile money operators sometimes referred to as agents in many African countries such as
Kenya and Zimbabwe. The existence of mobile money also resulted in policy changes that led to the
existence of other operators which led to the unbanked community being offered financial services
(David-West 2015).

Rathi (2016) also stated that digitization has enabled a large population of individuals who were
not financially active to be able to enjoy financial services due to the fact that digital tools make the
financial services affordable to many. Rathi (2016) also reiterated that developing nations such as India
are relying on digital technology to provide financial services to the unbanked population. In a way,
digital technology is allowing the previously unbanked population to be included in the mainstream
formal financial market. Chu (2018) also argued that digital technology is expanding financial inclusion
where it is made possible for the unbanked to be able to access banking services like savings, insurance,
and other financial services crucial to the unbanked population and those living in poverty. Chu (2018)
argued that financial inclusion is important to bridge the gap between the physical, digital and the
psychological use of money. Chu (2018) also believes that bringing together the digital financial tools
such as blockchain with the psychological tools like financial education can allow the unbanked to
have access to financial services which can help to break the poverty cycle.

Salampasis and Mention (2018) in the paper, fintech: harnessing innovation for financial inclusion,
argued that financial inclusion has been taken as the soft side of financial services with limited attention
given to it from the regulators, and policymakers despite its importance in the empowerment of the
marginalized population. Salampasis and Mention (2018) argued that many disadvantaged people in
society are left out of the formal financial market, thus creating inequality and general dependence
syndrome by those who are unable to access financial services and making the fight against poverty
difficult. However, Salampasis and Mention (2018) also suggested that the emergence of fin-tech, a
new breed of financial innovation, is increasingly closing the gap between unbanked, underbanked
and developed societies. Salampasis and Mention (2018) believe that digital technology is opening
previously closed doors in the digital economy for many individuals leading to more equitable growth
and society.

Muneeza et al. (2018), in the papet, the application of blockchain technology in crowdfunding: towards
financial inclusion via technology, posit that the advent of innovative digital technologies such as
blockchain and crowdfunding is showing new sustainable ways to support the economically poor
and the vulnerable people. Muneeza et al. (2018), after an investigation of the development of
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crowdfunding in Malaysia, found out that crowdfunding is a necessary way to promote financial
inclusion while blockchain can assist in mitigating the risks faced by platform operators.

In summary, the empirical literature review discovered that literature on digital financial inclusion
is available, especially literature on how mobile phone technologies are influencing financial inclusion.
In this review, it was noted that digitization has enabled a large population of individuals who were
not financially active to be able to enjoy financial services because digital tools make the financial
services affordable to many. The review also discovered that digital technology is expanding financial
inclusion where it is made possible for the unbanked to be able to access banking services like savings,
insurance, and other financial services crucial to the unbanked population and those living in poverty.
The other important aspect noted was that financial inclusion is important to bridge the gap between
the physical, digital and the psychological use of money. Authors like Arifin (Muneeza et al. 2018)
indicate that the emergence of innovative digital technologies such as blockchain and crowdfunding is
showing new sustainable ways to support the poor.

1.5. Research Methodology

This study article is premised on desktop research to investigate the impact of Al on digital
financial inclusion. The study used unobtrusive research techniques to analyze objectively the impact
of Al on digital financial inclusion. The techniques include conceptual and documentary analysis of
peer-reviewed journals, reports and other authoritative documents on Al and digital financial inclusion.

Table 1 gives an estimated number of journal articles, reports and other authoritative documents
which include news articles and web page articles that helped to shape the direction of the study. Some
of the journal reports and news articles listed were not necessarily referenced in the paper as they
contributed to ideas which led to the development of the paper. The criteria used in the selection of
the articles, reports and other important documents were simply the relevance of the articles in the
provision of information useful for the main objective of the study which was to investigate the impact
of Al on digital financial inclusion. Conceptual analysis and document analysis were used in the
study because documents come in a variety of forms, making documents a very accessible and reliable
source of data. Obtaining and analysing documents is often far more cost-efficient and time-efficient
compared to conducting field research or experiments.

Table 1. Journal articles, reports and news articles that shaped the trajectory of the study.

Journal Articles Reports Other Documents Web Pages Articles and News Articles

66 33 40

Source: Author’s Analysis.

2. Results

2.1. The Influence of Al in Driving Digital Financial Inclusion

Fintech companies are increasingly applying Al applications for many purposes which include
but are not limited to the following: to manage and detect risk, risk measurement, fraud detection,
consumer protection (Paul 2019). Other prominent areas of use include credit scoring, chatbots, capital
optimization, market impact analysis, trade signalling, and ‘reg tech” applications (Paul 2019).

2.1.1. Risk Detection, Management and Measurement

One major reason for many vulnerable groups—like women, youths and small businesses-like
smallholder farmers—being excluded from the formal financial market in the traditional banking
sector was driven by issues around risk (Beck et al. 2009). Many of these vulnerable groups were
viewed as high risk due to the limited capability to detect and measure the risk among them (Park and
Mercado 2015, 2018). Some of the factors that exacerbated this was lack of data (Park and Mercado
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2018). However, Al is transforming financial inclusion through the widespread use of algorithms to
automate risk detection management and measurement (Peric 2015; Muneeza et al. 2018). The use of
Al is making it possible for the previously excluded groups to be able to access financial services using
various digital tools such as cell phones or instruments like payment cards that can be used to connect
with digital devices like point of sale terminals (Alameda 2020; Bill & Melinda Gates Foundation 2019).

In Kenya, M-Pesa, where M represents mobile while Pesa is another word for money in Swabhili, is
one of the mobile phone-based money transfer service operated by Safaricom which was able to offer
payments services, and micro-financing service lunched in 2007 (Osah and Kyobe 2017; Burns 2018).
The service has since spread to many countries which include Tanzania, Mozambique, DRC, Lesotho,
Ghana, Egypt, Afghanistan, South Africa, India, Romania and Albania among many other countries
(Jacob 2016; Burns 2018). The ability of a mobile device using Al intelligence could make it possible for
people to make deposits, to withdraw money, to transfer money, pay for goods and services, to have
access to credit and savings (Van Hove and Dubus 2019). This helps the low-income earners to be able
to access these services which they could not access in the traditional banking system (Wang and He
2020). Additionally, through the use of Al intelligence, registration of accounts was achieved digitally;
approximately 17 million accounts were registered in Kenya in its initial stages in 2012 while 7 million
accounts were registered in Tanzania in 2016 (Van Hove and Dubus 2019; Wang and He 2020).

Al also plays an important role in preventing currency risk (Paul 2019). Through digital finance,
individuals and small businesses (SMEs) have the option to add funds in the fiat currency which allows
a shift in the volatility risk to the financial intermediary (FI) (Paul 2019). Many Fls are using bitcoin as
a vehicle currency with the United States dollar as the dominant vehicle currency used in 88 per cent
of trades (Global Partnership For Financial Inclusion 2016; Paul 2019). The use of bitcoin as a vehicle
currency and block chain’s platforms means that the recipient and the sender are not exposed to the
volatility of virtual currency (Paul 2019). The ability to prevent risk is allowing small income earners to
participate in the financial market as a result of the strength of Al technology (Alameda 2020). In short,
financial markets are adopting more and more to Al to come with more exciting nimble models which
are being utilized by financial experts to pinpoint trends, identify risks, conserve manpower and to
ensure better information and for future planning (GPFI 2017).

2.1.2. Al and Information Asymmetry

The credit rationing theory credited to Stiglitz (Berardi 2011). This theory asserts that when
information asymmetry (also referred to as imperfect information) is present in a competitive loan
market, credit rationing will be the major feature of that credit market. Among a group of borrowers
with fully observable and identical characteristics, some will receive loans while others will not get
anything (Stiglitz 1989; Yuan et al. 2011). In the process, some disappointed borrowers will be more
than willing to pay an interest rate which is more than the market interest rate. However, financial
institutions will not be willing to respond to excess demand for loanable funds through raising the
interest rate for borrowers (Stiglitz 1989). The major reason given was that in many circumstances
when the interest rate is high, safer borrowers do not borrow as they are disuaded from borrowing
(Yuan et al. 2011).

In addition, when the interest rate is high, borrowers will invest in high-risk projects which will
limit the probability of paying back the loan (Berardi 2011). This condition will limit the participation
of other potential players in the credit market. Accordingly, this explanation will help to explain why
some economic agents will be excluded in the financial market and the increase in financial exclusion
in the formal financial markets. According to the credit rationing theory, one of the major factors
which cause the market to malfunction in developing nations is information asymmetry (Bell et al.
1997). It is believed that information asymmetry through adverse selection and moral hazards is the
primary source of market inefficiencies (Bell et al. 1997). As a result of these inefficiencies in the market,
high-risk borrowers like small scale farmers will be excluded from the group of potential borrowers
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(Yuan et al. 2011). This will mark the reason many economic agents are financially excluded in the
formal financial markets.

However, digital tools like Al can overcome the problem of information asymmetry (Kaya and
Pronobis 2016). Digital financial inclusion through Al can have access to various online shopping
platforms and various online social networks which produces a large amount of information on
individuals which will help to do away with the problem of information asymmetry between financial
institutions and individuals (Wang and He 2020; Yang and Zhang 2020). Digital tools improve access
to credit to vulnerable groups especially those without collateral security based on big data analysis
and cloud computing (Wang and He 2020). Many digital technologies which use AI technology utilize
other credit score mechanisms to create collateral free-loan products (Matsebula and Yu 2017). One
example of the bank which offered collateral-free loans was the Grameen Bank that won a Nobel Prize
in 2006 together with Prof. Muhammad Yunus. The bank distributed collateral-free loans of united
states dollars (USD) 24 billion to borrowers (Karlan and Morduch 2010; Wang and He 2020). In a
way, Al solutions are assisting financial institutions and credit lenders to make smarter underwriting
decisions through the use of many factors that assess accurately traditionally underserved borrowers
in the credit decision-making process (Paul 2019).

2.1.3. Al and Customer Support and Helpdesk through Chatbots

Through the use of Al, banks are now adopting customer support and help desks which are
impacting more on increasing efficiency and reducing the cost of customer support. Banks are offering
an electronic virtual assistant (EVA). Moreover, with Al, financial institutions can provide personalized
banking where chatbots and Al assistants, use Al to come up with personalized financial advice and
natural language processing to provide instant, self-help customer service (Alameda 2020; Paul 2019).

Besides, Al is used as a relationship manager, banks are introducing chatbots for this purpose.
This allows vulnerable households in rural areas to access financial advice and help which they cannot
enjoy when dealing with human beings (Paul 2019). The HDFC bank of India has already introduced
a chatbot for relationship manager purposes (Paul 2019). It is alleged that many bank staff have an
urban orientation which makes it difficult for them to have the patience to deal and talk to the rural
customers (Journal of Digital Banking 2019). Through the power of Al, banks can come up with natural
regional language processing-based Al-trained robots for training and talking to the rural customers in
regional language (Paul 2019). These robots explain various banking products offered by the bank, the
robots can also explain the amount of debt rural customers have and even offer suggestions on the
need to save (Siddiqui and Siddiqui 2017). Al-trained robots can become financial advisors to rural
households (Deloitte 2018b; Paul 2019). As a result, Al is helping a lot to allow previously vulnerable
groups to be able to access formal financial services (Wang and He 2020).

Additionally, some customers can access banking services through their mobile phones, where
they can transact even while at home in the remote parts of their countries as long as they are connected
to mobile networks. Furthermore, the use of Al can help a lot in account opening as individuals
can open accounts or deposit through the use of phones (Paul 2019; Wang and He 2020). The use
of blockchain has also allowed usability of accounts to be more effective; it takes approximately 10
minutes to transfer money which is faster than the conventional means mainly used in developing
nations (Paul 2019). When using blockchain technology in digital finance payments, there is no need
for payments to go through the national payments system and as a result, there is no need for physical
branches. This makes payments more feasible as the cost of the transfer is the percentage of the value
of the transferred (Paul 2019). On some instances, Al can facilitate quantitative trading. Al-powered
computers can have a deep analysis of large and complex data sets very fast and more efficiently than
human beings. This will result in automated trading which saves valuable time (Wang and He 2020).
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2.1.4. Fraud Detection and Cybersecurity

Ramping up cybersecurity and fraud detection efforts is becoming a necessity for any financial
institution or bank because of huge quantities of digital transactions which are carried out via online
accounts every day, sometimes through mobile phone and applications (Lopes and Pereira 2019b;
Paul 2019). Al is playing a big role in the improvement of security of online finance. The ability of
Al to offer this kind of security to online finance makes it possible for the people at the bottom of the
pyramid concerning financial inclusion to be able to participate in the formal financial sector (Reim
et al. 2020). Further, fintech companies are using Al applications to advance consumer protection
and user experience, manage risk, detect fraud in many countries (Paul 2019). Various national stock
exchanges in many countries are contemplating the use machine learning to identify market patterns
to improve monitoring and prevent manipulation of its high-frequency trading (HFT) markets (Journal
of Digital Banking 2019; Deloitte 2018b). In reality, Al-enabled cybersecurity systems are increasingly
being used to guard against and prevent possible security breaches. In addition, Al is influencing
wealth management through robot advisors that provide automated financial planning services like tax
planning advice, insurance advice, health, investment advice and many other crucial services (Journal
of Digital Banking 2019). The HDFC bank of India is using Al for its Mobile Banking App, and On
Chat, which makes use of Natural Language Processing where users can interact, confirm and pay for
services within chat (Paul 2019).

2.2. Challenges of Al

Though Al is promising and doing a lot in fuelling digital financial inclusion, however, there are
challenges associated with reaping the benefits from intelligent algorithms (Deloitte 2018b). Some of
the challenges relate to data quality, responsibility requirements to roll out Al technology (Sundblad
2018). The prediction power of Al depends chiefly on the availability of quality data, However, limited
availability of the right quality and quantity of data may act as an obstacle of the power of Al (Harkut
and Kasat 2019). The prediction power of an algorithm depends highly on the quality of data fed as an
input. Sometimes even in quality data, biases can be hidden (Sundblad 2018). In the financial sector,
some reference data are often affected by quality issues (Sundblad 2018). The concept of Al is premised
on having a data-quality program in place (Sundblad 2018). Moreover, the use of intelligent machines
represents a challenge concerning liability (Harkut and Kasat 2019). The questions which remain
unanswered are who/what shall be responsible in case something goes wrong? Financial institutions
are sometimes reluctant to give machines full autonomy since the behavior of machines is not fully
foreseeable (Deloitte 2018b; Sundblad 2018). In many cases, they tend to keep the human supervisor
in place to validate the critical machine activities and decisions like blocking payments or releasing
payments (Sundblad 2018). This, in a way, partially defeats the purpose of using machines in the first
place (Sundblad 2018). In some instances, compliance and operational security standards are relatively
strict and insufficient understanding of Al’s inherent risks, the culture of the firm and regulation can
all act as barriers to widespread adoption of Al in financial services firms (Harkut and Kasat 2019).

2.3. Conclusion and Policy Recommendations

The research was premised on investigating the impact of Al on digital financial inclusion. Digital
financial inclusion is becoming central in the debate on how to ensure that people who are at the lower
levels of the pyramid become financially active. On the other hand, fintech companies are taking
advantage of the availability of Al to apply its applications to ensure that the goal of digital financial
inclusion is realized that is to include groups of low-income earners, the poor, women, youths, small
businesses in the mainstream financial market. The study discovered that Al has a strong influence on
digital financial inclusion in areas related to risk detection, measurement and management, addressing
the problem of information asymmetry, availing customer support and helpdesk through chatbots
and fraud detection and cybersecurity. On the aspect of risk, Al is transforming financial inclusion
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through the widespread use of algorithms to automate risk detection management and measurement.
This enables vulnerable groups of women, youths and small businesses such as smallholder farmers,
who were excluded from the formal financial market in the traditional banking sector driven by
issues around risk, to access banking services. Considering issues related to information asymmetry,
digital financial inclusion through Al can have access to various online shopping platforms and social
networks which produces a large amount of information on individuals; this will help to do away with
the problem of information asymmetry between financial institutions and individuals, thus increasing
the financial inclusion. These are some of the areas where Al is influencing digital financial inclusion
among many other issues discussed. It is also important to note that though many people have a lot
of misgivings about Al in the industry 4.0, it is, however, important to notice that Al is providing
subatantial assistance in the digital financial inclusion sphere. Therefore, this study recommends that
financial institutions and non-financial institutions adopt and scale up the use of Al as it presents
benefits in the quest to ensure that people who were previously unable to participate in the formal
financial market can do so with ease.
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