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Abstract

In the past few decades, the Cashless Society has attracted the attention of some studies and a great
deal of expectations has been raised in this regard. Regardless of the widespread literature addressing
the topic, no relevant publications have tried to analyse the factors that contribute to making a country
move towards a Cashless Society from an empirical and holistic perspective. The purpose of this
thesis is to identify the main drivers that lead to a Cashless Society, as well as the interaction between
these drivers and the resulting impact on the level of cashlessness. In order to solve this knowledge
gap in the existing academia, a statistical model has been developed with the aim of validating the
initial hypothesised drivers -based on previous research- and measuring their influence across coun-

tries.

Our findings suggest that the level of cashlessness in a country is influenced by 6 drivers: (1) Degree
of Digitalization; (2) Digital Trust & Privacy Concerns; (3) Legal Framework; (4) Maturity of the
Banking Industry; (5) Transparency & Corruption, and (6) Economic Development & Financial In-
clusion. The outcomes of our analysis reveal that the Degree of Digitalization; Maturity of the Bank-
ing Industry and Economic Development & Financial Inclusion have a positive impact on the level
of cashlessness. Conversely, Digital Trust & Privacy has a negative effect. As for the Legal Frame-

work, it is a double-edged sword as previously suggested in the existing literature.

This study contributes to the understanding of the payments digitalization phenomenon and can in-

spire further research intended, for instance, to analyse the consequences of a Cashless Society.

Keywords: Cashless Society; Cashlessness; Payments Digitalization; Innovation; Trust; Privacy;

Transparency; Key Drivers; Regression Analysis; Country Clustering
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1. Introduction

This introductory section will provide readers with a concise overview of the topic analysed and, in
particular, with a precise description of the problem statement examined throughout this research.
Furthermore, the explanation of the theoretical and quantitative delimitations constraining the re-
search will be carefully exposed. Ultimately, the consistency of the findings together with their sup-
portive contribution to the existing academia will be presented.

1.1. Research question

In social sciences, academia mainly addresses two types of problems, one whose aim is to increase
knowledge and the other whose aim is to improve quality of life (Selamat, 2008). This thesis sheds
light on an acknowledged concept that has attracted the attention of many academics over the past
years (Fabris, 2019): Cashless Society. This puzzling concept of a society which no longer uses any
physical currency (Akinola, 2012) has persuaded several academics to propose empirical evidence
and theoretical frameworks in order to formulate a plausible explanation. There are several studies
published that have tried to explain part of the phenomenon from multiple angles and perspectives.
From Kenneth Rogoff (2016) who through his book provides intriguing insights on how and why
cash should be phased out and Bétiz-Lazo and Efthymiou (2016) who provide different views on a
Cashless Society from around the world, to studies with a more digital focus that assess the impact
of innovation on cashlessness (Akinola, 2012; Hedman & Henningsson, 2015) or, for example, on
trust (Achord, et al., 2017; OECD, 2002).

Indeed, despite the extensive literature addressing the topic as well as the on-going academic debates,
no relevant publications have intended to analyse those factors that make a country move towards a
Cashless Society from an empirical perspective. Therefore, it can be concluded that there is a potential
knowledge gap that should be bridged and whose results can contribute to further research, for in-
stance, by focusing on one of the factors identified or by analysing the positive or negative impact of

these drivers on the resulting Cashless Society.



In light of this, the core research of this thesis is aimed at providing an answer to the following ques-
tions: “What are the main drivers towards a Cashless Society?” and “To what extent do they
affect the cashlessness of each country?” More specifically, and based on the literature review, six

hypotheses have been formulated as potential drivers:

1) Degree of Digitalization

2) Digital Trust & Privacy Concerns

3) Legal framework

4) Maturity of the banking industry

5) Transparency & Corruption

6) Economic Development & Financial inclusion

As for the resulting outcome -the level of cashlessness-, it has been analysed from a static and dy-
namic perspective by not only taking the country’s level in a certain year, but also its corresponding

evolution.

1.2. Delimitations

Cashless Society is a comprehensive concept that involves complex and interacting dynamics with
different stakeholders, including national and international actors and regulations. Delimitations to
the scope of this thesis have been thus reported; they turn to be critical and indispensable for a correct

interpretation regarding the internal and external validity of the results achieved in this thesis.

Delimitations to the magnitude and degree of this thesis do exist, mainly due to the complexity of the
concept and the number of potential existing drivers. There is some risk of omitted-variable bias and,
additionally, some drivers might not be included in our statistical model. This study includes data
from 2008 to 2015 gathered from credible and reliable sources. However, determining whether this
primary data was properly collected or not is out of the scope of this paper. At the same time, it is
plausible to test our model in the years to come by simply updating the variables provided or, alter-
natively, by considering additional drivers based on future academic findings or using different vari-

ables for the drivers already listed.



1.3. Contribution to literature

Many of academic literature dedicated to this topic focuses on the advantages and disadvantages of a
future Cashless Society. Other scholars decided to focus solely on certain aspects of Cashless Socie-

ties such as the cost of cash or the diversity of digital transactions and analyse them in depth.

Our thesis has the potential to contribute to the understanding of the main drivers’ role towards a
Cashless Society by developing a statistical model that explains how the different drivers interact
with each other and impact the overall level of cashlessness of a country. In this matter, the develop-
ment of the statistical model, analysis and statistical significance criteria will be resolutely discussed

in the following sections of this thesis.

Finally, it is important to emphasize that the resulting dataset for this study is unique and is founded
on the most recent and relevant studies. Additionally, the presented results can be validated by simply

updating the values of the variables thanks to the periodicity of publications chosen.

1.4. Personal considerations

We would like to highlight that our thesis does not intend, in any matter, to give an opinion whether
the move towards a potential Cashless Society will change society and individuals’ life for the better

or worse.

Lastly, we honestly believe that the findings of our study may have legitimate implications for further

research and for respective stakeholders.



2. Literature Review

In this section, a detailed description of an imminent Cashless Society and the preeminent drivers
behind the implementation of such a critical step in a country’s economy will be provided. Moreover,
an explanation of the pivotal distinct drivers will be reported, along with an explanation of the cru-
cial stakeholders participating in the process and the necessary pre and post Cashless Society stages
to undertake. Further, the relevant theories and empirical evidence related to the Cashless Society

concept provided by academia will be discussed and scrutinized in detail.

2.1. Cashless society

2.1.1. Definition of topic

In the recent years, cash has got greater attention, as central banks and other public institutions worry
more about how far they can lower interest rates below zero, as security agencies attempt to control
terrorist threats, as governments’ national treasuries become progressively reckless for tax revenues,
and as justice departments endeavour to reduce international and national crime syndicates (Rogoff,
2016). In the last decades, there has been much speculation about a cash-free society (Akinola, 2012).
From the moment that the original general-purpose charge card appears in the middle of the last
century, scholars have predicting the “cashless society” (Garcia-Swartz, Hahn, & Layne-Farrar,
2006). Successive generations of economists and researchers debated about the future of cash (Fabris,
2019) and theorized their use while anticipating their societies in a future where there was no purpose

for material representations of money (Bétiz-Lazo & Efthymiou, 2016).

Cashless societies have existed since the moment mankind came into existence, based on barter and
other methods of exchange. However, the true Cashless Society should be understood in the sense of
a move towards, as well as the consequences of, a society in which cash is replaced by its digital
corresponding. In other words, “legal tender (money) exists, is recorded, and is exchanged only in
electronic digital form” (Fabris, 2019). According to Akinola (2012), “a cashless society is a com-
munity in which all payments are electronic”; a community in which everything is paid through dig-
ital electronic money, for instance with online payments, credit or debit cards or mobile payments. A

society in which nobody uses cash (ibid).



Henceforth 1888, the novelist Edward Bellamy anticipated a cashless society by the turn of the new
millennium, but it still hasn’t happened utterly (Warwick, 2004). Undoubtedly, the latest technolog-
ical disruptions have led to discussions of reaching a cashless society -or a society with a complete
level of cashlessness- in the near future. However, it is fairly obvious that this is a change of form
rather than substance. In sum, a society becomes cashless when it is possible to envisage a payment
technology which makes no use of paper money or metal coins or, in other words, in which “cash is
not a generally accepted means of payment” (Hedman, 2018). Despite the significant progress of

certain countries towards turning cashless, a “moneyless” society is yet to come (Smithin, 2000).
2.1.2. Road to a Cashless Society and framing the change

Becoming digital is the future of money (OECD, 2002). Over time, there have been several forms of
payment systems, most notably barter, gold, and paper currency (Garcia-Swartz, Hahn, & Layne-
Farrar, 2006). Upon closer examination at the history of money, it can be observed that it went
through evolutionary changes starting from the barter system, precious metal used as the means of
payment, money made from precious metal and gold baked money to money whose value is com-

pletely separate from the material it was made (Fabris, 2019).

For a very long time, coins and notes were the only options to make purchases and to exchange money
between organizations and individuals. The second half of the twentieth century observed new ways
of thinking systematically about methods for retail payments (Béatiz-Lazo & Efthymiou, 2016). The
introduction of plastic cards, pre-paid payment cards, Electronic Fund Transfer and Internet banking

all aimed at making payment more convenient (Akinola, 2012).

An important step forward to a cashless society came with the arrival of electronic funds transfer
(EFT) technology, which conducted in the era of credit-card transactions around 1960 (Warwick,
2004). If last century was the epoch of cash, checks and plastic credit cards, the twenty-first century
is one of swiftly increasing forms of electronic value transfer systems, each operating on distinct
platforms using various protocols and network infrastructures (Maurer, 2016). With the development
in information technology, a number of new payment solutions have emerged, such as, among others,
SMS payments, PayPal, M-PESA, Bitcoin, Google Wallet, and WeChat (Akinola, 2012).



Although the Cashless Society has not yet fully become a reality, payment options by merchants and
consumers have been moving in that direction over the past five decades (Garcia-Swartz & Layne-
Farrar, 2006). For several years, money has been in the direction of increased abstraction, either ab-
solute symbolic representation detached from an explicit physical materialization (OECD, 2002).
Historically, countries have witnessed a flourishing trend in cashless transactions as well as products
and services sold solely in this way (Fabris, 2019). Digital alternatives to cash have been in existence
for quite some time and have advanced with the financial sophistication of their users and the payment
technologies (Achord, Chan, Nardani, & Rochemont, 2017). By and large, these innovations are mod-
ifying people ‘s perception of money and experience of paying (ibid). The innovation process in pay-
ments is encouraged by different stakeholders (such as financial institutions, FinTech’s, mer-
chants, mobile operators, etc.) and by international governmental agencies (Akinola, 2012). In addi-
tion, new payment solutions attract a lot of attention in the press and media, but they also trigger a

debate regarding the cashless society (ibid).

Ultimately, it is a complex transformation where politics, laws, business interests, values, technolo-
gies, power games and habits play an essential part (Arvidsson, 2019). This complexity needs to be
recognized when intending to comprehend the transformation process even if the complexity at the
same time makes it difficult to identify what kind of components are the most critical ones and in
which direction the process will unfold (ibid).

2.2. Main drivers towards a Cashless Society

As discussed earlier, the fact that people are making more digital transactions than ever is undeniable
(see Figure 1 below). In some countries, such as Sweden or Canada an imminent Cashless Society is

around the corner (Smith, 2017). For others, there is still a long journey and a lot of ground to cover.

Regardless of the stage of cashlessness, after extensive research through the available and accessible
literature review, it was possible to identify the main common drivers that lead towards a Cashless
Society. Nevertheless, it is important to consider that for each country each driver will have a different

level of interaction or intensity and therefore different outcomes.

This section is, therefore, going to provide evidences that support the choice of certain drivers as the
ones with the highest impact on the road to Cashless Society.

9
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Figure 1: Number of non-cash transactions worldwide from 2012 to 2021, by region (in billions) — Statista 2019

2.2.1. Degree of Digitalization

One of the main drivers in the fast-changing world of payments is innovation triggered by new tech-
nological solutions. According to Fabris (2019), the developments of technology in the digital society
lead to an increase in digital payments. Before, cards were exclusively used for high-value transac-
tions, while cash was widely used for low-value transactions (Achord, Chan, Nardani, & Rochemont,
2017). Arvidsson (2019) argues that new payment services and technological solutions that have a
purpose akin to cash are substituting cash in payment situations in which cash used to be the main

means of payment.

Currently, the development of new digitized techniques for registering transactions and debiting ac-
counts has been the main pathway for innovation (Baubeau, 2016). Frictionless, efficient payments
such as NFC (Near-field Communication), QR codes and mobile payments made the clearance, the
transfer of money from one party to another and the settlement of transactions more secure, reliable
and efficient (Maurer, 2016). Cashless technologies provide worldwide payment networks and busi-
ness solutions; simultaneously, payment technologies are unceasingly changing (Batiz-Lazo &
Efthymiou, 2016). Here again, the success of dematerialized money rests on strong material factors

10



such as traditional infrastructures (ibid). In this respect, as virtual as money may become, it will

ultimately rely and depend upon tangible equipment and costly know-how (Baubeau, 2016).

Notwithstanding, what may be likely in the near future and cannot be excluded is the advent of digital
currencies under the control of central government, at the very least in certain countries such as Swe-
den and as a replacement to cash (Fabris, 2019). Digital currency is a form of electronic money com-
bined with new technology involving cryptography, peer-to-peer networking, databases and a system
of consensus (Achord, Chan, Nardani, & Rochemont, 2017). The most remarkable example of digital
currency is bitcoin. This also supported by the fact that a number of central banks are very actively

investigating the costs and benefits of introducing these new forms of money (Fabris, 2019).

Internet has transformed transactions, especially in countries with poor financial infrastructures
(Baubeau, 2016). For Africa’s communication companies, this comes as an outstanding opportunity
(as occurred with M-PESA), but to incumbent and established banks and supervision authorities, it is
associated with high costs and risks (Akinola, 2012). And newcomers can take advantage of these
new technological innovations to invent new forms of money, such as cryptocurrencies (ibid). The
more alternative payment methods there are, the more competition and the lower the costs for mer-
chants and consumers who want to make and receive payments at the expense of the banks (Achord,
Chan, Nardani, & Rochemont, 2017).

Convenience plays a major part in the lives of most individuals in today’s society. “The level of ease
that the payer experiences when using the payment instrument depends on how many barriers or how
much effort the user must make when completing a payment” (Holst, Hedman, Kjeldsen, & Tan,
2015). The constantly growing and expanding market of mobile devices in today’s fast advancing
world has initiated numerous innovative functions and services that are available on mobile devices
(Hack, 2016). The use of mobile technology greatly reduces the cost of sending money over large

distances, provides certainty of process and decreases the risk of theft (Rouse & Verhoef, 2016).

Mobile payment systems are the applications of mobile devices that are expected to grow robustly in
the near future (Hack, 2016). This is not valid only for developed countries, but also or even more in
developing countries. For example, only one in every four persons has a bank account in Africa, but
four in five have access to a mobile phone (Rouse & Verhoef, 2016). In 2015, around 200 million

people have access in Africa to the Internet due to their mobile phones (Afi, 2013). Mobile payment

11



systems provide banking services to the majority of unbanked inhabitants of many developing coun-
tries(ibid). This is largely as a result to the fact that mobile payment systems do not require exceed-
ingly costly tangible assets and know-how (Fabris, 2019). Undoubtedly, mobile payments are one of
many technological innovations that are disrupting the payment market (Hedman & Henningsson,
2015).

2.2.2. Trust in Digital Technologies & Privacy Concerns

According to Achord (2017) and Smithin (2000), another relevant driver of a cashless society is trust
or more specifically, trust in digital technologies. Legitimate and stable political authority usually
goes hand in hand with the level of digital money present in a determinate country (OECD, 2002).
Although the majority of the end customer embrace the newer payment options (Achord, Chan,
Nardani, & Rochemont, 2017), there must be trust between the payee and payer, faith in the regulatory
setting for consumer protection, confidence in the safety and protection of the payment as well as
conviction that the procedure is advantageous (Kapron & Meertens, 2017). “Trust is the foundation
to any payment and is primarily concerned with ensuring that the payment credentials are handed

over to the actual receiver of a payment” (Holst, Hedman, Kjeldsen, & Tan, 2015) .

Money as a store of abstract value consists in the social system of monetary production which entails
the creation of monetary legitimacy which is a form of impersonal trust (Shapiro, 1987). Cashless
Society requires that each and every of society’s stakeholders -individuals, governments, financial
institutions and organizations- agree on and trust in digital currency (Akinola, 2012). Credit organi-
zations and banks, traditional providers of banking services, have a clear competitive advantage over
new entrants to this field (Hack, 2016). From a competitive point of view, it will be very interesting
to see how banks can build on that advantage or whether technology companies such as Apple will
provide enough advantages in terms of usefulness and ease of use to outweigh the lead of banks in
terms of trust (ibid).

The anonymity, untraceability and decentralization of cash empower freedom to citizens against an
omnipotent government or central bank (Achord, Chan, Nardani, & Rochemont, 2017). Most public
leaders and scholar are cautious when considering the idea of an electronic currency system replacing
cash in the near future, especially one regulated by the government, for fear that they are seen as
amenable to compromise privacy (Warwick, 2004).

12



One key inhibitor for the level of trust in digital technologies and therefore for cashlessness amongst
society could be the risk of a “complete loss of privacy” for individuals and the long-debated dilemma
of who will have access to the supervision of their data (Fabris, 2019). When all personal and confi-
dential information are vulnerable to the state, people can assume that the government has consider-

able authority over people by possessing access to such types of private data (Akinola, 2012).

In the context of rising uncertainty and disruption, “self-fulfilling long-term trust” is based on politi-
cal and social legitimacy through which conceivably unreliable “strangers” are capable to take part
in “impersonal complex multilateral economic relationships” (Smithin, 2000). A number of people
appreciate to do certain purchases using cash so that their privacy is preserved, with no electronic
record or audit report over such transactions (Brown, 1997). Despite the fact that literature often finds
arguments that privacy is only required by individuals who have something to hide, this does not have
to be the case (Fabris, 2019) . For instance, this information makes it possible to customer profiling,
use of personal information for commercial reasons, the development of databases about their con-
sumer habits, as well as profound knowledge into their belongings which can increases the risk of
robbery, and so forth (ibid). One idea that can be implemented in order to avoid privacy concerns
amongst individuals is to allow relatively small expenditures, up to a few hundred dollars or similar,
to be confidential, even from the government (Rogoff, 2016). Essentially, the degree of trust in digital
technologies is a kind of trade-off between privacy and convenience.

2.2.3. Legal Framework

Most scholars (Akinola, 2012) agree that a cashless society or a plan for phasing out most paper
currency can only be implemented by the government or a central bank since they are the responsible
for printing money and also control the supply of cash in society (Rogoff, 2016). The Organization
for Economic Cooperation and Development (2002), argues that policymakers are responsible and
have good reasons to pick up the pace at which the digital money diffuses throughout the economy.
Given that the cash payments market is highly regulated (Arvidsson, 2019), a Cashless Society will
only be possible if a government commit itself to the project, taking into account that just the gov-
ernment can actually control an electronic replacement for cash. Moreover, it may place an end to the

circulation and production of cash (Warwick, 2004).
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Some governments encourage a shift toward a Cashless Society because they see it as a way to
avoid tax evasion and address money laundering in addition to boosting competition in financial ser-
vices (Fabris, 2019). Most of this encouragement is made through the form of rules and compliance
legislation (ibid). Cyber security protection, regarding companies and also individuals, is one of the
greatest concerns contemplated in the discussion when elaborating new regulations (Achord, Chan,
Nardani, & Rochemont, 2017). Legal frameworks and regulatory incentives intent to discourage other
means of making substantial payments that can be altogether hidden from the government (Rogoff,
2016).

In most occasions, cashless technological innovations cannot be implemented due to a lack of appro-
priate legislation, while on other few occasions, a lack of a clearly defined regulatory framework had
the opposite effect of incentivizing trade and commerce to take the initiative and develop its own
cash- less payment instruments (Béatiz-Lazo & Efthymiou, 2016). Nevertheless, since phasing out
paper currency is an exceptionally extensive concept that involves complex and interacting dynamics
with different stakeholders (Arvidsson, 2019), national and international regulation should be put in
(Rogoff, 2016). This process should be done gradually in order to avoid excessive disruption and to
give individuals and institutions time to adapt (ibid). Policymakers should introduce regulatory in-
centives, initiatives and rules, as well as nurturing the institutions that run complex settlement systems
(OECD, 2002). These kinds of regulatory incentives could be able to transform cashlessness into a
more pragmatic and efficient economic reality (ibid).

According to Blind (2015), policy uncertainty, but also compliance regulation do appear to cause
both negative and positive effects. These effects can be differentiated between short- and long-term
impacts. The negative effects of compliance costs as well as regulatory ineffectiveness provoked by
uncertainty or weak institutions are most relevant in the short run. This short-term impact is compared
with the more dynamic effect of regulations generating additional incentives for innovative activities.
Whereas, in the short term, the required regulatory compliance creates a burden for most companies,
which might be negative for innovation, new legal frameworks that regulate the implementation of
innovative technologies or solutions can incentive their development by providing compliance guid-
ance and legal certainty. The net impact of regulation on innovation depends on the extent of the

policy uncertainty and compliance cost on the one hand and the incentive effect on the other hand.
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2.2.4. Maturity of the Banking Industry

It is important to state that a regulatory framework governing the usage of cash can only be imple-
mented if it is complemented by a “decentralized, operative and market-driven structure” (Arvidsson,
2019) composed by actors such as ATMs, banks or merchants, among others. Banks, as part of this
complex structure, bear a deeper business interest in a transition to a cash-free society since main-
taining supply cash handling services became costlier and represents no opportunity for cross-selling

related products linked to cash (ibid).

The prevailing acceptance of debit and credit payment cards in the middle of the twentieth century,
the digitalization of bank accounts in the mid-1960s and the establishment of Internet and electronic
banking around the 90s (Hedman, 2018); contribute to the maturity of the banking system. Digital
usage has become firmly associated with customer loyalty with banks (Robin, 2015), regardless of

relinquish the anonymity of paper currency with non-anonymous electronic money (Kenneth, 2015).

Inequality between countries and amongst the rich and poor within them remain partly due to the
regulation of retail financial markets, custom and culture (Batiz-Lazo, Efthymiou, & Michael,
2016). Rouse and Verhoef (2016) state that in most developed countries, banks and other financial
institutions are increasingly making the move from human to digital banking and therefore shaping
the transition to a cashless society. By making a priority integrated money management, the flexibility

of use and ease of access to banking services, payment mechanisms and monitoring platforms (ibid).

According to Afi (2013), in the absence of well-established bank networks in the more developing
countries, most people bear preference for cash and tend to display a distrust or scepticism towards
mobile money transfer mechanisms. A payment service has to connect to the same technological
platform as many supplier and users to be beneficial for the society as a whole (Arvidsson, 2019),

therefore the importance of the development of the banking industry.
2.2.5. Transparency & Corruption

The main issue of having a cash-free society is whether the benefits would outweigh disad-
vantages. (Akinola, 2012). According to the renowned economist Kenneth S. Rogoff (2016), the ul-
timate goal to phasing out paper currency and an additional driver towards a Cashless Society is

transparency. |I.E. making harder to some people to undertake on widespread anonymous and
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untraceable transactions over and over again. The author (Rogoff, 2016) also argues that corruption
prevents a society to become cashlessness.

We understand that cash can fuel the hidden economy and permit large-scale tax evasion, although
the actual amount is, by definition, unknown (Achord, Chan, Nardani, & Rochemont, 2017). Also, it
is difficult to track when it comes to tax collection or law enforcement (Béatiz-Lazo & Efthymiou,
2016). The anonymity of cash also makes it prone to criminal uses, which may explain why a lot of
cash is issued in very high denominations not generally used by individuals or businesses (Brolgs,
2016).

Primarily, the elimination of physical cash could earnestly impair criminal activity, particularly those
connected with money laundering, corruption and drugs (Fabris, 2019). Those type of activities can
be hardly carried out without cash (ibid). It is commonly believed that the use of cash enables privacy
in transactions and can and does assist in the evasion of taxation (Achord, Chan, Nardani, &
Rochemont, 2017).

Discussion around the substantial economic and social benefits that may result from transparency of
a cash-free society and the end of physical cash, comprises the eradication of numerous of the most
violent and serious crimes, significant cuts in taxes and better public services (Warwick, 2004). The
reduction of the shadow economy will benefit the (digital) vaults of the countries by increasing public
revenues, with the end result being the consolidation of their financial stability (Fabris, 2019). Most
of the underground economy or black-market nowadays comprises undeclared transactions that could
else be taxed (OECD, 2002). With the transition towards a cash-free society, such transactions would

have to get in legal streams and be subject to taxation (Fabris, 2019).
2.2.6. Economic development & Financial Inclusion

It is not clear whether modern payment systems, which are developing at different speeds and with
different outcomes in different countries, will help or exacerbate the problem of financial exclusion
(OECD, 2002). However, presumably according to Kenneth Rogoff (2016), the more developed the
countries are the less exposed is society to the risk of financial exclusion, when in the process of
phasing out paper currency. It is crucial that unbanked and poor individuals have access to free stand-

ard debit accounts, and ideally also to basic smartphones (ibid). These costs are ideally borne directly
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by the government or can also be imposed on banks that sooner or later will pass the costs on to
paying clients (ibid).

Financial exclusion is identified as a problem for many people in both developed and developing
countries (Achord, Chan, Nardani, & Rochemont, 2017). This is especially true for elderly that have
used cash in all their lives and are likely to continue doing it as long as they will make payments
(Arvidsson, 2019). The more impoverished and older population still remain disproportionately de-
pendent on cash (Fabris, 2019). Since their knowledge of the use of digital technologies is usually
more limited, the main concern is how the majority of them would manage in a cashless society
(ibid).

However, the opposite effect in terms of financial inclusion should not be excluded (Fabris, 2019).
Specially, in some rural areas or remote parts of a country with very limited financial infrastructures,
digital money could lead to an increase in financial inclusion (ibid). The case of M-PESA in Kenya
is a perfect example of that (Akinola, 2012). Not so long ago, payment cards embodied an interna-
tional strategy to increase financial inclusion by allowing ready access to financial markets for low
income and remote populations located far from economic centres and banks (Batiz-Lazo &
Efthymiou, 2016). In developing countries, the security concern to ordinary people carrying cash has
become an additional motivation to address the financial exclusion of the vast unbanked sector
(Akinola, 2012).

2.3. Summary of Literature Review and Justification for the Study

As exhaustively discussed, several academics have focused on the different drivers that could lead to
a Cashless Society, although no studies made have explained to what extent each driver affects the
level of cashlessness of each country and how they presumably could interact with each other, which,

leaves scope for future studies.

The predominant findings consider a future Cashless Society as the result of multiple complex inter-

actions between different stakeholders. In particular, it can be highlighted that:

- A Cashless Society is still a concept but one that could surely become a phenomenon over the

next decades, due to the level of growth in the number of digital payments registered, at least

17



for a selected group of countries such as - Sweden or Canada (Fabris, 2019; Garcia-Swartz et
al., 2006).

- The road to cashlessness is fuelled by technological innovations combined with continuous
economic and social changes (Arvidsson, 2019; OECD, 2002).

- Due to the complexity in the transformation to a Cashless Society, one cannot attribute the
change to solely one factor, rather during the transformation process, there are multiple stake-
holders such as - banks, governments, individuals, merchants, fintech, among others
(Arvidsson, 2019; Batiz-Lazo et al., 2016)

- Based on this literature review, the main hypothetical drivers are: degree of digitalization
(Akinola, 2012; Fabris, 2019; Batiz-Lazo et al., 2016; Hedman & Henningsson, 2015); the
level of trust in digital technologies and privacy concerns (Achord et al., 2017; Smithin,
2000); legal framework in terms of compliance and cybersecurity protection (Akinola, 2012;
OECD, 2002; Rogoff, 2016; Warwick, 2004); development of the banking industry
(Arvidsson, 2019; Rouse & Verhoef, 2016); level of transparency and corruption (Achord
et al., 2017; Baubeau, 2016; Rogoff, 2016); and economic development and financial in-
clusion (Fabris, 2019; OECD, 2002; Rogoff, 2016).

These indispensable insights will serve as a basis for the implications analysed in the research design

section (Methodology part) that will give rise to the research hypotheses tested in this thesis.

Our summary of the prevailing literature review reveals there is a need for a quantitative research
model. Our quantitative research model should contribute to explaining the interactions among the
hypothetical drivers and the resulting outcomes of a move towards a Cashless Society.
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3. Methodology

The aim of this chapter is to provide a detailed description of all aspects of the design and procedure
of this study, whose end purpose is to statistically validate or reject the abovementioned hypothesis
as an attempt to find an answer to the initial research questions. After explaining the scientific as-
sumptions that guide the selection of the chosen methods, this section will examine the research de-
sign so that the reader can judge the extent to which this paper would adequately answer the research
questions. Then, the variables chosen to represent each of the hypothesised drivers as well as the
subsequent outcomes will be described, along with the resulting research sample. Finally, this chapter
will focus on justifying the statistical methods or procedures used to come up with the resulting find-

ings.
3.1. Rationale for research question

As pointed out in the literature review, the topic addressed in this research shows a high degree of
complexity and is affected by an uncountable number of factors that interact and influence each other.
Assuming, therefore, that knowledge in social sciences is conjectural -no absolute truth can never be
found-, this research takes a postpositivist approach (Creswell, 2014). This means that it intends to
simplify the understanding of the cashless phenomenon by identifying those main common drivers
across countries and statistically determine whether they affect the level of cashless transactions and

its growth or not and, if so, whether they behave as positive drivers or, by contrast, as inhibitors.

First of all, this approach implies the recognition of potential biases, which need to be successfully
minimised along the process: from the formulation of the initial hypothesis to the choice of certain
statistical methods without underestimating the data collection procedure. As a consequence, this
chapter pays special attention to justify the measures taken at every stage to prevent the authors from
such biases and give validity and credibility to the final results.

Furthermore, the research needs to be designed in a way that allows further research to validate the
final findings by either replicating the study with updated information or using alternative data

sources to verify the concluding correlations between the hypothesised drivers and the outcomes.

19



Finally, it is important to emphasize that the initial hypothesis are based on an exhaustive review of
the current literature. The postpositivist approach of this paper leaves room for additional drivers or
inhibitors that could complement or update the current set of drivers as long as they are consistent
with this research design and they are statistically valid. These new drivers could either emerge due
to the impossibility to identify them with the current literature or changes in social, economic or
technological terms, among others.

3.2. Research design

The design of this research seeks to give an answer to the research questions by statistically validating
the initial hypothesis with a deductive reasoning. This implies that the study needs to be essentially

quantitative, taking the assumptions of the postpositivist paradigm as a starting point.

The first step after having defined 6 hypotheses concerning the main potential drivers towards a cash-
less society is to assign numeric values not only to the drivers, but also to the outcomes. This process

needs to take into consideration the following requirements:

- Values need to be given on a country level and have a global vision across continents. In
other words, the study will not focus on certain cities or regions since it intends to give a
global perspective to the results.

- Variables chosen need to come from credible and reliable sources that guarantee an objec-
tive view on the corresponding topics. To the possible extent, the data used will come from
international public institutions such as the World Bank or United Nations. As a second op-
tion, this research is going to recur to global and reputed organizations such as the World
Economic Forum or Transparency International. Lastly, original datasets produced by aca-
demic publications will be used after validating their relevance.

- Variables need to be extracted from studies or databases that are expected to be published or
updated on a regular basis in order to give continuity to the analysis of this study. This
requirement already implies that secondary data is a basis of this research.

- Variables assigned to each driver need to reflect a static and dynamic view. If, due to the
novelty of the subject, data is insufficient to give both views, variables need to at least provide
a static vision and give room for the dynamic perspective based on the existing and future
publications.

20



- Data collected needs to be consistent timewise. The attempt to provide the most recent data
should not jeopardize the point-in-time consistency.

Once the data is collected following the abovementioned requirements, the resulting research sample
needs to be arranged in order to homogenise variables and optimise the number of countries studied.
This process leads to several research samples that try to satisfy different needs, ranging from the
maximization of variables studied to the maximization of the number of countries included in the

sample.

Although the different resulting research samples can be used to enrich the analysis of this thesis,
only the research sample with the highest number of variables and lowest degree of uncertainties
regarding imputation or variable omission biases is used for the core conclusions of this paper. How-
ever, the alternative samples can be helpful to support the resulting findings. Additionally, further
tools such as Clustering methods or simple mappings representations can also help to provide a better

understanding of the research sample.

Unless all the driver variables are independent between each other, which can be checked by calcu-
lating the Pearson’s Correlation Coefficients, the research sample previously chosen needs to be
scaled and dimensionally reduced in order to simply the subsequent analysis. Then, the most relevant
Principal Components or Dimensions -with eigenvalues greater than 1 (Kaiser, 1960)- can be cate-
gorized based on the main variables forming each PC. This implies that variables corresponding to
different drivers could be included in the same PC. The categorized dimensions need, then, to be
analysed by using multivariate regression methods (GLM) that sheds light on the initial research

questions.

In order to answer the first research question (“What are the main drivers towards a Cashless
Society?”) the regression methods used aim to validate or reject the initial six hypotheses by statisti-
cally verifying the correlation between the dimensions (which contain information about at least one
driver) and the outcome variables. Additionally, the direction of these correlations as well as the
significant levels intend to answer the second research question (“To what extent do they affect the
cashlessness of each country?”). Considering the potential size of the samples, this paper sets a

minimum p-value of 0,05 to give statistical validity to each hypothesis (Royall, 1986). Moreover, the
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research design is restricted to linear relationships not only during the regression analysis but also in
the previous phases of research sample analysis and dimension reduction.

Finally, it is necessary to mention that Microsoft Excel has been used for the data collection and
aggregation process considering that most of the databases were available in xIs. or csv. formats. As
for all the statistical methods, R -a free software environment for statistical computing and graphics-

has been used.

3.3. Data collection

This section provides detailed information about the data collection process and the resulting varia-
bles, which needs to fulfil the constraints described in the research design. The division of this section
into seven subsections corresponding to the variables of the outcome and the six drivers intends to
give the reader a good understanding of the decision-making process that the authors of this paper

undertook. Finally, an additional subsection gives an overview on all the variables described.
3.3.1. Variables — Outcome: level of cashlessness

In the previous chapter, the literature review has extensively explained what can be understood as a
cashless society and has also introduced the term cashlessness. Converting the level of cashlessness
of each country and its evolution over the last years into continuous variables represented a major

challenge since these two dependent variables are the basis of the resulting findings.

Conceiving this phenomenon as a transitional process from a society that uniquely uses cash to a
society that no longer uses it as a payment or exchange method may represent an oversimplification
of a social change. However, this conception might be very helpful for the purpose of this study since
the static outcome (level of cashlessness) could be represented by the percentage of non-cash trans-
actions out of the total of transactions and the dynamic outcome could be represented as a growth of

this percentage during the last years.

After a deep research, the authors concluded that this initial thought had to be discarded for a number

of reasons:
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- The data available was only provided for certain regions or cities or, in the best scenario, for
individual countries.

- If the data had been collected country by country, the criteria of each source might have sig-
nificantly differed from each other.

- The calculation of this percentage is always based on an initial estimation of the number of
cash transaction, which in many countries is not feasible to provide with a high degree of

certainty.

As a consequence, an alternative indicator had to be identified. In this case, the Global Payment
Systems Survey (GPSS) from the World Bank might be helpful. This survey, initially launched in
2007, provides a regular payment systems overview of both advanced and emerging countries, by
combining qualitative and quantitative measures. Among these measures, the survey included the
volume of retail digital transactions in unitary and USD terms by country and transaction type (cash

transactions are not included in this survey).

Although the fifth and latest survey was launched in 2018, the results were not expected to be avail-
able until, at least, late 2019. The last survey (World Bank, 2016), published in 2016, had information
gathered on a yearly basis from 2010 to 2015. This issue represented, on the one hand, one of the
trade-offs already anticipated during the research design (time consistency vs. recency). On the other
hand, it also was giving the opportunity to other researchers to validate this study in the short term.
After considering these two factors as well as the fact that the dataset allowed both a static and dy-
namic overview of the level of cashlessness and the notoriety and credibility of the institution sup-

porting this initiative, the authors decided to opt for this source.

First of all, the data had to be cleared in order to make sure that certain transactions did not appear
duplicate. For instance, in certain countries, there was information regarding card transactions and,
additionally, details by card type. A similar case occurred with e-money, which in some cases was
also given by channel. Based on the data available and cleared, the authors defined non-cash transac-

tions as the sum of the following retail operations:

- Cheques
- Card payments

- Credit transfers
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- Direct debits
- E-money transactions (including mobile and internet payments)

After clearing the data, the following step was to decide how the variable should be displayed. In
order to reduce currency value and country size effects, the authors opted for using the sum of trans-
actions in unitary terms and divide them by the country population on its corresponding year. By
doing that, the first outcome variable would be obtained: non-cash transactions per capita, showing
the level of cashlessness of a country in 2015 (static view), expecting the USA, Norway and South

Africa, in which the last year available was 2014. This variable was called C1 in the dataset.

As for the second outcome variable (called C2), the compounded annual growth of non-cash transac-
tions per capita between 2010 and 2015 by country was calculated (dynamic view), with the same

exceptions explained above.

The resulting dataset consisted of 85 countries from all the continents ranging from developed econ-
omies and cashless pioneers such as Singapore or South Korea, to emerging economies with a low
level of cashless transactions but a high growth such as Nigeria, Zimbabwe or Sri Lanka.

3.3.2. Variables — Driver 1: Degree of digitalization

Moving to variables of the drivers, the first diver to be codified is the degree of digitalization. In this
case, the authors opted for the Digital Evolution Index, which, with the purpose of understanding
how different countries are making the transition from a physical past to a digital future, it offers a
simple means to measure at which stage of the transition each country is and how quickly countries
are digitalizing. This Index, included in the Digital Planet report, takes 2008 as the starting point of
the research and has been published in 2014 and 2017, respectively, as is expected to release regular
future updates. Digital Planet is an initiative of The Fletcher School at Tufts University, in partnership
with Mastercard, whose reports have had a relevant impact through the publication in the Harvard

Business Review.

Coming back to the Digital Evolution Index, this data-driven holistic Index evaluates the progress of
the digital economy across 60 countries, combining more than 100 different indicators across four

key drivers:
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- Supply Conditions, which includes transactions infrastructure indicators regarding the access
to financial institutions and electronic payment options.

- Demand Conditions, which, among a wide range of indicators refer to the degree of financial
inclusion and the use of digital money as well as the gender digital divide and the ability and
willingness to spend.

- Institutional Environment, whose indicators range from the legal framework and the institu-
tional effectiveness regarding the digital ecosystem.

- Innovation and Change, which refers, for instance, to financing options and opportunities.

Considering the presence of indicators regarding digitalization on each driver, this Index can be
considered a good reflection of the degree of digitalization of each country. Additionally, as
mentioned before, the publication of this Index not only shows a view of a certain year, but also the
speed that countries are improving their level of digitalization. This duality cleary helps the purpose

of this paper.

Therefore, the relevance and crebidility of this Index, the number and variety of countries covered as
well as the possibility to not only give a static but also a dynamic view on this topic made the authors

opt for this source.

At this stage, it is important to mention that Digital Planet changed the methodology of this Index in
2015. In order to avoid justifying the suitibility of each methodology, this driver includes four
variables. The first two variables (D1 and D2) show the degree of digitalization in 2015 and its 2008-
2015 evolution, respectively, based on the new methodology (Chakravorti & Chaturvedi, 2017). As
the other two variables (DEI1 and DEI2), they show the digitalization score in 2013 and its 2008-
2013 evolution based on the previous methodology (Chakravorti, Tunnard, & Chaturvedi, 2014).
Although all these variables were included the the dataset, this study gives more validity to D1 and

D2, not due to the methodology used, but to the time consistency with the other variables.
3.3.3. Variables — Driver 2: Digital Trust & Privacy Concerns

Although trust is an attribute very difficult to score due to its subjectivity, publications from OECD
or The World Value Survey intend to assign cross-country scores to different types of trust such as

the self-reported trust or the trust in public institutions (Ortiz-Ospina & Roser, 2019). However, the
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way these types of trust are defined differs from the nature of this driver. Alternatively, Digital Planet
(Chakravorti & Chaturvedi, 2017) built a new Digital Trust model based on four dimensions that

answer different questions:

- Digital Environment: “How robust are privacy, security and accountability measures?”’
- Digital User Experience: “How do users experience the digital trust environment?”
- Attitudes: “How do users feel about the digital trust environment?”’

- Behaviour: “How do users react to their digital experiences and the environment?”

From these four dimensions, when measuring digital trust, there is an important distinction between
behaviour and attitude since, as the report concludes, what users profess towards digital technologies
(attitude) is not correlated with how the users actually behave, known as digital trust-in-action. Based
on this, this study used behaviour score as the primary variable for this driver (T1). Additionally, a
new variable (named T2) was created based on the gap between revealed preferences (attitude scores)
and actual actions (behaviour scores) as an attempt to see if there was any correlation between this
gap -which can be either positive or negative- and the growth in cashlessness.

These two variables, with data available for 42 countries and gathered in 2015, could give a good
understanding of Digital Trust and Privacy Concerns, which as could be seen in the abovementioned

report, were included in the design of the Digital Planet Trust model.
3.3.4. Variables — Driver 3: Legal Framework

The legal framework of each country can be evaluated from different perspectives. In this case, two
of the most relevant legal aspects affecting digital payments are Compliance regulation and Cyberse-
curity protection. Additionally, the cross-country approach of this paper not only required credible
evaluations, but also unified criteria. In order to fulfil these requirements, this study used two different

sources that could enrich this driver.

As for compliance, FATF (Financial Action Task Force) and its regional bodies regularly update the

Consolidated Assessment Ratings (FATF, 2019), which consist of peer reviews conduction on an

ongoing basis to assess how effectively their respective member” AML/CFT measures work in prac-

tice, and how well they have implemented the technical requirements of the FATC Recommenda-

tions. This assessment brings an overview of 75 countries on both effectiveness and technical
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compliance against the 2012 FATF Recommendations and in accordance with the 2013 FATC Meth-
odology.

As mentioned before, the consolidated table provides information regarding two indicators. The first
indicator (technical compliance) reflects the extent to which a country has implemented the technical
requirements of the FATF Recommendations. This indicator is composed of 40 recommendations
rated with C (Compliant), LC (Largely compliant), PC (Partially compliant) or NC (Non-compliant).
In order to give a good understanding of the indicator in numeric terms, each rating was given a value
ranging from 3 (Compliant) to 0 (Non-compliant). The sum of the 40 ratings was defined as Technical
Compliance (R1), being 120 the highest level of technical compliance. For each country, the rating
used was the one reported with the closest date to 2015 when this year was not available.

The second indicator (Effectiveness) reflects the extent to which a country’s measures are effective.
In this case, this assessment is conducted on the basis of 11 immediate outcomes, which represent
key goals that an effective AML/CFT system should achieve. The rating of these immediate outcomes
was given in a similar way: HE (High level of effectiveness), SE (Substantial level of effectiveness),
ME (Moderate level of effectiveness) and LE (Low level of effectiveness). Therefore, the same pro-
cedure was followed by giving a certain score to each outcome, which ranged from 3 (High level of
effectiveness) to 0 (Low level of effectiveness). The sum of the 11 outcomes was defined as Compli-
ance Measures Effectiveness (R2), being 33 the highest level of effectiveness. As done in R1, the
rating used for each country was the one reported with the closest date to 2015 when this year was

not available.

With regard to Cybersecurity Protection, ITU and ABI Research jointly collaborated in 2013 in order
to elaborate and produce the first publication of the Global Cybersecurity Index that was published
in 2015 (ABI Research & ITU-UN, 2015). This Index has had further iterations published in 2017
and 2018 by ITU, the United Nations specialised agency for information and communication tech-

nologies.

This Index (GCI) is aimed at measuring the cybersecurity development capabilities of each country

along five pillars:

- Legal Measures: scored based on the existence of legal institutions and frameworks dealing

with cybersecurity and cybercrime.
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- Technical & Procedural Measures: scored based on the existence of technical institutions and
frameworks dealing with cybersecurity.

- Organizational Measures: scored based on the existence of policy coordination institutions
and strategies for cybersecurity development at the national level.

- Capacity Building: scored based on the existence of research and development, education and
training programmes; certified professionals and public sector agencies fostering capacity
building.

- International Cooperation: scored based on the existence of partnerships, cooperative frame-

works and information sharing networks.

The aggregation of these five pillars results in the final GCI score. The GCI report published in 2015,
was based on data collected in 2014 across 182 countries and also included the GCI commitment
score for 2017. Comparing the commitment scores for 2017 and the actual scores in 2017 (ITU, 2017)

would show how reliable the commitment score was.
The collection of the GCI scores resulted in the following variables:

- CY1: Global Cybersecurity Index — 2015 Score

- CY2-CY6: GCI Parameters - Cybersecurity legal, technical, organizational, capacity build-
ing and cooperation measures — 2015 Score

- CY7: 2017 Cybersecurity commitment — 2015 Score

- CY8: GCI - 2017 Score

Due to the fact that all these indicators (R and CY variables) have been published from 2015, this
study cannot include the dynamic component of this driver. However, this component can clearly be
added in future publications that use the same or a similar research design since there are already

evidences of data corresponding to the subsequent years.
3.3.5. Variables — Driver 4: Maturity of the banking industry

The development of the banking industry can be measured with a wide range of criteria. In this case,
this driver aims to show how developed or mature the banking industry of a certain country is quali-

tative terms. In other words, the indicators show not directly depend on the size of the country.
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The World Economic Forum publishes on a yearly basis The Global Competitiveness Index. The 8™
pillar that composes the GClI is the Financial Market Development, defined in terms of (A) efficiency

and (B) trustworthiness and confidence, which suits the description of this driver.

Based on the 2015-16 report (World Economic Forum, 2015), the first variable chosen was the Fi-
nancial Markets Development Index (B1) with the 2015 Score. Since the report also provides historic
data from 2005, the second variable chosen (B2) seek to reflect the evolution by calculating the com-

pounded annual growth of the index between 2010 and 2015.

Whereas the first variable included scores for 140 countries, B2 only had information for 131 coun-

tries due to the lack of data regarding 2010 Financial Markets Development Index.
3.3.6. Variables — Driver 5: Transparency & Corruption

As seen in the Literature Review, Transparency and Corruption are two concepts that are used inter-
changeably by some of the sources earlier used. Since validating this correlation was out of the scope
of this paper, the relationship presumed by this report is based on already existing empirical results,
which conclude that transparency contributes to reduce corruption (Chen & Ganapati, 2018; Lindstedt
& Naurin, 2006). In other words, both transparency and lack of corruption are not directly correlated,

but transparency can be considered as an important trigger towards a lower level of corruption.

Said that, this fifth driver, named Transparency & Corruption aims to show the level of (lack of)
corruption by country. This indicator is well-represented by the Corruption Perception Index from
Transparency International, that conceives this index as an annual overview of the relative degree of
corruption across countries all over the world on a scale from 0 (perceived to be highly corrupted) to
100 (perceived to be very clean). Therefore, by scoring the outcome (Corruption Level), the level of

Transparency is to some extent also reflected.

In this case, CPI Scores published in 2016 (Transparency International, 2016), with data from 2015,
included information regarding 168 countries. This Indicator was used as the first variable of this
driver (CP1).

As for the second variable (CP2), which was intended to show the evolution of this last years, the

compounded annual growth between 2010 and 2015 Scores was calculated, resulting in a dataset of
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163 countries. Positive values in this second variable would mean an improvement in the degree of

perceived corruption.
3.3.7. Variables — Driver 6: Economic development & Financial inclusion

This driver intends to provide a good understanding of the development of a country and, in particular,
the level of financial inclusion. In order to enrich that final dataset, both variables regarding Economic

Development and Financial Inclusion will be added.

With regard to Economic Development, as already been discussed in previous drivers, the variables
should not be directly influenced by the size of the country. Therefore, relative indicators should be
used. An important indicator of economic performance to make cross-country comparisons of aver-
age living standards and economic wellbeing is the GDP per capita. Based on data from the World
Bank’s World Development indicators (World Bank, 2015), the first two variables chosen were the
2015 GDP per capita in current US$ (GC1) and the 2010-15 GDP per capita compounded annual
growth (GC2).

These two variables used to score the Economic Development, were complemented with the 2015
Global Competitiveness Index (World Economic Forum, 2015). This report assesses the competitive-
ness landscape across countries with the aim of “providing insight into the drivers of their productiv-

ity and prosperity”.

The final Index is the result of the aggregation of 12 pillars: Institutions, Infrastructure, Macroeco-
nomic development, Health and primary education, Higher education and training, Goods market
efficiency, Labour market efficiency, Financial market development, Technological readiness, Mar-
ket size, Business sophistication & Innovation. Considering this wide range of factor, the use of this

Index clearly enriches the oversimplification of the previous indicator (GDP per capita).

Therefore, two new variables were added. The first variable (E1) showed the GCI Score in 2015,
whereas the second variable (E2) was the calculations of the GCI compounded annual growth be-
tween 2010 and 2015. The resulting dataset was an overview of 130 different countries.

As for the second component of this driver, Financial Inclusion, the Global Findex database was of

great help. In 2011 the World Bank launched this initiative with funding from the Gates Foundation,
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which is used to track progress toward the World Bank goal of Universal Financial Access by 2020.
The Global Findex report (Demirguc-Kunt, Klapper, Singer, Ansar, & Hess, 2010). So far, this data-
base includes data from 2011, 2014 and 2017.

Among all the indicators gathered in the Global Findex database, there are two widely used in the
report to reach conclusions regarding the degree of financial inclusion. These two indicators are ac-
count ownership and digital payments received or sent.

The first indicator shows the percentage of respondents (over 15 years old) who report having an
account at a bank or another type of financial institution or report personally using a mobile money
service in the past 12 months. From this indicator, two variables were created (F1 and F2) represent-
ing the 2014 Account Ownership percentage and the 2011-14 Account Ownership compounded an-

nual growth.

The second indicator shows the percentage of respondents (over 15 years old) who report “using
mobile money, a debit or credit card, or a mobile phone to make a payment from an account, or report
using the internet to pay bills or to buy something online, in the past 12 months. It also includes
respondents who report paying bills, sending or receiving remittances, receiving payments for agri-
cultural products, receiving government transfers, receiving wages, or receiving a public sector pen-
sion directly from or into a financial institution account or through a mobile money account in the
past 12 months”. Unfortunately, this indicator was added in 2014. As a consequence, only the static
variable could be added (F3).

3.3.8. Summary of the variables

Based on the previous subsections, Table 1 gives an overview of the variables chosen classified by

Category (Outcome or Driver) and component’s nature (Static or Dynamic).

As a reminder, Static variables refer to the situation of each country in a specific year, e.g. C1 rep-
resents the number of cashless transactions per capita in 2015 by country; whereas Dynamic varia-
bles refer to the evolution or growth of each country during a specific period of time, e.g. C2 shows

the compounded annual growth of cashless transactions per capita between 2010 and 2015 by coun-

try.
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The purpose of the table below is to illustrate in a comprehensive and simplified way the datasets
selected to represent each driver or outcome. This will be helpful for the reader to easily follow the

analysis, discussion and conclusions provided in the subsequent sections.

Classification of Variables Static Dynamic

Outcome: Level of cashlessness C1 C2
Driver 1: Degree of digitalization D1, DEI1 D2, DEI2
Driver 2: Digital Trust & Privacy Concerns T1 T2
Driver 3: Legal Framework R1, R2, CY1-CY8

Driver 4: Maturity of the Banking Industry Bl B2
Driver 5: Transparency & Corruption CP1 CP2

Driver 6: Economic development & Financial inclusion GC1, E1, F1, F3 GC2,E2, F2
Table 1: Classification of Variables by Category and component’s nature

3.4. Unified Dataset & Research samples

This section is going to describe the dataset that resulted from merging all the collected data as well

as the research samples used for the analysis.
3.4.1. Unified Dataset

This initial dataset was the starting point for the arrangement of the research samples that will be

descripted in the following subsections.

This dataset -named Unified Dataset- was the result of the aggregation of the 29 variables (2 Out-
come/Response variables and 27 Driver/Explanatory variables). Additionally, this dataset only in-

cludes those country that, at least, had information regarding the outcome variables (C1 & C2).

During the aggregation process, each country name was standardized across datasets and was as-
signed the corresponding ISO 3166-1 alpha-3 code (1SO, 2019) in order to avoid mistakes during the

variable datasets merger.
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As aresult, 54 countries -from all the world regions- were included in this dataset as displayed in the
following map - see Appendix A for a detailed list of countries (A.1) as well as a sample of the

variable values (A.2) and a brief statistical description of each variable (A.3):

Figure 2: Map of countries included in the Unified Dataset — Authors’ elaboration with MapChart.net

The Unified Dataset has a percentage of 9,2% of missing values accumulated in 9 of the explanatory

variables as shown below:
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Figure 3: Representation of missing values in the Unified Dataset — Authors’ elaboration with R.

In addition to a clear concentration of missing values in a few variables (6 variables have more than
25% of the values missing), when illustrating the distribution of missing values against C1 (see Ap-
pendix A.4), it can be perfectly seen that most of the data missing belongs to countries with a low

level of cashless transactions.
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3.4.2. Research sample with Complete Data
The first Research sample arranged is the result of filtering those countries without missing values
and keeping all the variables included in the initial Unified dataset. As shown below, the final sample

included 13 countries across the continents, excepting Africa (see Appendix B.1 for details):

N
N

Figure 4: Map of countries included in the RS with Complete Data. — Authors’ elaboration with MapChart.net

Although these 13 countries only represent 25% of the ones included in the initial Dataset, it is im-
portant to emphasize that they still are in different cashlessness stages and any variable has been
omitted. Therefore, this Research sample will be the primary source for the subsequent analysis

in order to reach the main conclusions of this study.
3.4.3. Research sample with imputed missing values

A solution to avoid reducing the sample size is to impute values to the missing data. After considering
several imputation methods, the k-fold cross-validation method was chosen. The K-fold Cross Val-
idation Method is based on dimensionality reduction methods in which the missing entries are im-
puted using the iterative PCA algorithms that take into account the similarities between the observa-
tions and the relationship between variables. It has proven to be very competitive in terms of quality
of the prediction compared to other traditional methods in numerical experiments (Camacho & Ferrer,
2012).

Despite the potentiality of this method, the high concentration of missing values in underdeveloped

countries with a low level of cashlessness, can lead to a significant imputation bias. For example, a
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PC analysis made a posteriori shows that the variables with the highest number of missing values
(T1, T2, R1, R2) are included in the same dimension, which is not consistent neither with literature
review nor with a PC analysis of complete data.
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Figure 5: Second Principal Component (in terms of contribution %) obtained from a PC analysis of the Research sample
with imputed missing values.

According to Liu & Gopalakrishnan (2017), the percentage of missing values and their distribution
across variables are two points of consideration when answering the question whether to impute or
not. Taking into account that these are two of the major concerns raised about imputing missing value
with the dataset provided, it can be concluded that this sample should not be used neither for the
main nor for complementary analysis.

3.4.4. Optimised Research sample

An alternative way to avoid the significant number of countries studied is to optimise the number of
variables and countries by obtaining the complete dataset with the highest number of values possible
and without having to impute data. The resulting dataset would omit those four variables with the
highest percentage of missing values (T1, T2, R1 and R2) and would include 44 (out of 54) countries
across all continents (see Appendix B.2 for details):
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Figure 6: Map of countries included in the Optimised Research sample — Authors’ elaboration with MapChart.net

The omission of these four variables that correspond to two drivers (2. Digital Trust & Privacy
Concerns and 3. Legal Framework) either deletes or weakens the description of this drivers in the
dataset. As a consequence, this sample cannot be used to reach conclusions about the whole model
design. However, it can be used to provide further evidences about partial findings referring to the

drivers whose variables have not been altered.

Therefore, the Optimised Research sample will be used complement the analysis from the Re-

search Sample of Complete data, always considering the variable reduction constraint.
3.5. Data analysis methods

3.5.1. Preliminary data scalation

Prior to the application of many multivariate data analysis methods, data are often pre-processed. In
this case, due to the differences in the value ranges, all the values from the research samples used
have been scaled with the aim of improving predictive accuracy. In R, the default scale function

standardizes the data (mean zero, unit variance).

In order to avoid losing information that could affect the resulting standardized values, this scalation
process has been performed against the Unified dataset. As a result, all the Research samples had the

same scaled values by country and variable.
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3.5.2. Pearson’s correlation between variables

Before moving to the core of this study, the calculation of Pearson’s correlation coefficients can pro-
vide an initial understanding of the statistical relationship, or association, between the explanatory
variables. These coefficients do not only give information about the magnitude of the association, or
correlation, but also about the direction of the relationship.

The calculated coefficients can be used to stablish preliminary relationships between variables from
different drivers and, additionally, validate the dimensions obtained in the PC analysis explained in

the following section.

In order to calculate these correlation coefficients, the Unified dataset with scales values were used,

but only pairwise complete observations were included.
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Figure 7: Pearson’s correlation between variables
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3.5.3. Principal Component Analysis

Considering the correlation between certain explanatory variables from different drivers and the large
set of variables (Cramer, 2003), a dimensionality-reduction method such as Principal Component
Analysis (PCA) has been used to reduce the set of explanatory variables to a smaller number of di-
mensions. By doing that, it will be easier to explain and visualize which is the nature of the chosen

explanatory variables and how they can be grouped.

The PCA was run on the Research sample with Complete Data -the reasons for this choice have
already been justified before- and it resulted in a plot of 10 dimensions out of which only 6 have
Principal Components have eigenvalues higher than one (see Appendix C.1. for further details).

Scree plot

80-

60 -

40 -

Percentage of explained variances

Dimensions

Figure 8: Scree plot showing the percentage of explained variances of each dimension. — Authors’ elaboration with R

In order to provide more details about the contribution of the variables within each dimension, two
different graphs were prepared for each relevant dimension (as shown in Appendix C.2) giving the
contribution % of variables to each dimension and graphically illustrating the direction of this con-

tribution, respectively. These graphs show help to categorize each dimension.

This PC Analysis on the Research Sample with Complete Data and the resulting dimension values
are the basis for the following sections as it represents a simplification of the current sample without

a significant loss of information.
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As earlier mentioned, a similar PC Analysis was applied to the Research sample with imputed values
to discard this sample as a valid dataset for the subsequent analysis. By contrast, the Optimised Re-
search sample was also analysed using PCA methods (see details in Appendix C.3). In this case, the
results were aimed at either supporting or rejecting the main conclusions reached with the results

from the analysis of the Research Sample with Complete Data.
3.5.4. Cluster analysis on PCA results

Based on the PCA results, another way to illustrate the reasoning of the dimensions is to cluster the
countries in order to find certain patterns. Therefore, in this paper, the single purpose of the hierar-
chical cluster analysis is to complement the core analysis.

Focusing on the hierarchical clustering, the optimal number of clusters will be determined by the

Elbow methods unless it cannot be unambiguously identified (Kodinariya & Makwana, 2013).

This hierarchical cluster analysis has been employed in the Research Sample (RS) with Complete
Data (see Appendix C.4 for further details) and the clustered countries have been graphically repre-

sented against the outcome variables (not included in the PC Analysis).

Furthermore, after considering that the first and second dimensions of PC analysis on the RS with
Complete data and on the Optimised RS have very similar variable contributions, the hierarchical
cluster analysis has also been employed in the Optimised RS in order to provide a graphical repre-
sentation with more countries. However, as already stated before, it is important to bear in mind that
the PCA results of this analysis and, thus, the clusters forms, do present a lack of information regard-
ing two of the hypothesised drivers. As a consequence, the results of this second cluster analysis (see
Appendix C.5 for details) can only be used as a complement of the core results.

3.5.5. Regression analysis

Coming back to the core analysis of this study, once all the variables have been aggregated in 6
dimensions (eigenvalues > 1), it is necessary to draw the influence of these drivers against the out-

come or response variables.
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In other words, the analysis method used needs to provide insights regarding the degree of influence
(significance) of the drivers against each outcome variable (Research Question 1) and the direction

of this influence in case there is a relevant significance (Research Question 2).

An optimal way to answer these questions is to employ a regression analysis in order to model the
relationship between the dimensions of the RS with Complete Data and each response variable. In

this case, two multiple linear regressions will be used.
Each multiple linear regression employed for each outcome variable will follow this formula:
Yi = Bo+ BiXin + B2Xiz + B3Xiz + BaXis + BsXis + PeXic + €

for each observationi =1, ..., 13

In the formula above 13 observations (corresponding to the 13 countries of the RS with Complete
Data) of one dependent variable (either C1 or C2) and 6 independent variables (corresponding to the
6 dimensions) are considered. Thus, Y; is the i observation of the outcome variable, Xjj is i"" obser-
vation of the j dimension, j = 1, 2, ..., p. The values p; represent parameters to be estimated, and &; is

the i independent identically distributed normal error.

The aim of this paper is not to get a restrictive formula for each dependent variable, but to see the
direction of each fj and its significance level (p-value) in order to determine those dimensions that

have a significance influence on each outcome.

Based on these results (see Appendix C.6), those significant dimensions need to be disaggregated to
identify to which drivers they correspond to and whether they belong to the dynamic or static com-

ponent of each driver.
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4. Main Findings

This section is going to expose those finding that resulted from applying the data analysis methods
defined in the Methodology section. These findings will be extensively described in a comprehensive
way following the logical order of discovery. So, at first the dimensions resulting from the PC Anal-
ysis will be presented along with their corresponding interpretation. Then, the results regarding the
country cluster analysis will be explained. Finally, the outputs from the regression analysis will be

highlighted and aggregated with the intention of simplifying the core findings of this thesis.
4.1. Dimension categorization

This subsection is going to analyse separately each of the 6 first dimensions with the aim of identify-
ing those variables that contribute to a higher extent to the resulting dimension and thus giving a name
or category to each dimension. Before examining each dimension, it is important to mention that each
consecutive dimension represents a lower percentage of explained variances. Therefore, whereas for
the first principal components a larger number of variables should be considered to assign a category,

in the last cases only the primary variables with be considered.
Dim-1: Digital & Economic development

After calculating the Pearson’s correlation coefficients (see Figure 7), it could be clearly seen that
static components from all the drivers excepting Digital Trust & Privacy (Driver 2) were in many
cases correlated with coefficients higher than 0,8. These one-to-one correlations augured well for the

aggregation of most of these variables in one Dimension.

As shown in the contribution graph of the first dimension (Appendix C.2), the level of digitalization,
(DEI1, D1), effectiveness of compliance regulation (R2) as well as cybersecurity protection (CY1,
CY7, CY8), maturity of the banking industry (B1), transparency (CP1) and, finally, economic devel-

opment & financial inclusion (E1, GC1 & F3) are well represented in this dimension.

This amalgam of variables makes the dimension categorization rather challenging. However, the au-
thors of this paper finally opted for calling it Digital & Economic Development taking into account
which are the variables with the highest contribution percentage.
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To sum up, this first dimension fully represents the static component of Driver 1, Driver 4, Driver 5
and Driver 6 and partially represents the static component of Driver 3 as R1 is not significant. In this
case, Driver 3 is represented in Dim-1 by R2 and CY variables, which refer to regulation effectiveness

and cybersecurity protection
Dim-2: Digital & Transparency growth

Moving to the second dimension, there is a variable that clearly contributes more than the others: D2
— Digital Growth. This variable is mainly following by growth variables corresponding to other driv-

ers, but with much lower contribution percentages.

Considering that the second variable corresponds to Corruption Perception (CP2) and that the level
of digitalization has one of the highest correlations with the level of Transparency (or Lack of Cor-

ruption perceived), this feature has also been included in the final dimension description.

Within these other variables, there is also DEI2 — Digital Growth. However, its lower contribution
could also be explained by the low correlation between these two Digital Growth variables. This
differences probably come from the changes in the Methodology used to score these growths or a

drastic growth change between 2013 and 2015 in some of the countries included in the sample.

Based on all these considerations, this second dimension has been called Digital & Transparency

Growth and includes the dynamic component of Driver 1 and Driver 5.
Dim-3: Economic growth

In this case, the variable leading the dimension is the Growth in GDP per Capita (GC2), closely
followed by E2 (Growth in the Global Competitiveness Index). These two dynamic variables, that
belong to Driver 6, will be used to categorize this dimension naming it Economic Growth.

CY2,CY3and CY4, variables that score Global Cybersecurity Index parameters will not be included
in the definition of the dimension due to their inconsistency with the other variables. First of all,
whereas the former variables represent a dynamic component, these latter variables show a static

score. However, the main reason to discard these variables is the nature of these variables.
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The variables that belong to GCI parameters (CY2-CY®6) are the ones from the dataset with the weak-
est scale. Although they were chosen in order to enrich the dataset, the country reduction performed
in the RS with Complete Data along with the variables scalation process have clearly affected these

variables. As a consequence, they cannot be taken into consideration.
Dim-4: Compliance requirements

While R2, defined as the effectiveness of compliance measures had already appeared in Dim-1, R1
has a prominent contribution to this Dimension. As earlier described, R1 represents the level of tech-

nical compliance of each country.

Considering that the other variables have a much lower contribution percentage, R1 will be the only
variable used to categorize this dimension as Compliance Requirements. This dimension is, therefore,

only taking a static component of Driver 3.
Dim-5: Digital Trust

As earlier mentioned, these last two dimensions that represent less than 5% of the explained variances
of the Sample will only use the first variable to define the dimension. In this particular case, since T1
describes the level of Digital Trust&Privacy Concerns, being the static component of Driver 2, this

dimension will also be named Digital Trust.
Dim-6: Banking maturity growth

Finally, the last dimension is led by B2 — Growth in the Development of the Banking Industry. This
dynamic component of Driver 4 is going to be used to define this last dimension as Banking maturity
growth.

Overview of the dimensions

The table found below intends to give an overview of the relationship between the drivers and the
dimensions based on those representative variables that gave name to each dimension. This table also
shows whether the variables used for the dimension categorization belong to the static or dynamic
component of each driver. In other words, those components marked with a “X*” are the ones used to

categorize each dimension.
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Although this dimension categorization process leads to a loss of certain information, it clearly sim-
plifies the understanding of each dimension.
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Table 2: Explanation of the categories given to each Dimension based on the classification of the representative variables.

4.2. Country clustering

After conducting the PC analysis, a cluster analysis has been performed in order to find certain pat-
terns that could complement the core findings of this study. Initially, the Research Sample with Com-
plete Data has been clustered based on the dimensions previously obtained. This cluster analysis has
resulted into four groups.
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Considering the primary drivers as well as their positions in the PCA-Biplots (Appendix C.2), these

clusters could be grouped as follows:

GROUP I: Countries with a low or medium Digital & Economic development (Dim-1), but
with high Digital growths (Dim-2).

GROURP II: Countries with a low or medium Digital & Economic development (Dim-1), but
also with low or medium Digital growths (Dim-2) and low Economic growths (Dim-3).
GROUP IlI: Countries with a medium Digital & Economic development (Dim-1), but with
medium Digital growths (Dim-2) and high Economic growths (Dim-3).

GROUP IV: Countries with a high Digital & Economic Development (Dim-1) and a high
Digital growth (Dim-2).

When displaying these groups in a graph with C1-Cashless transactions per capita as X-Axis and C2-

Compo

unded annual growth of cashless transactions per capita as Y-Axis, we can see that there is a

fairly good match between the clusters and different stages of cashlessness:
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Figure 9: Graph displaying the clustered countries from RS with Complete Data by outcome variables. — Authors’ elab-

oration with R
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- GROURP I represents those countries in an early stage of cashlessness, but with high growths.
- GROURP Il represents those counties with a moderate level of cashlessness, but with low or
even negative growths (probably due to contextual reasons such as economic downturns).

- GROURP Il represents countries with a moderate level of cashlessness and a steady growth.

- GROUP |V represents those countries in an advanced stage of cashlessness.

These groups are relative since the average level of cashlessness of the observed sample needs to be
considered, both in absolute terms (C1) and relative terms (C2). At the same time, what can be con-
cluded is that, even if some countries temporarily weaken their cashlessness positions due to contex-
tual reasons, there is a trend to move towards a cashless society. However, there are not enough
evidences to determine whether countries that belong to Group I are moving to become members of

Group Il or they would directly jump into Group Il1.

Said that, since the first and second dimensions of PC analysis of the Research Sample with Complete
data and the Optimised Research Sample have very similar variables included, categories for the first
two dimensions can be presumably shared between these two samples. Using again the response var-

iables as axis, this is the display of clustered countries from the Optimised RS:
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Figure 10: Graph displaying the clustered countries from Optimised RS by outcome variables — Authors’ elab. with R
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When overlapping the previous groups with the updated set of countries, there is not a clear match
even though certain patterns are followed. Considering that this latter graph comes from the Opti-
mised RS in with two dimensions were not included in order to amplify the list of countries, this
could lead to the conclusion that more dimensions need to be considered when relating the features
of a country with its cashlessness position. For this reason, the regression analysis is essential to reach

substantial and significant conclusions.
4.3. Regression between dimensions and outcome variables

As stated before, this regression analysis is expected to give an answer to the initial research ques-
tions. This analysis has been conducted for each outcome variable (C1 and C2) in order to see the

effects of the hypothesized drivers from both a static and dynamic perspective, respectively.

The results of this regression analysis (see Appendix C.6 for details) have been displayed in two
separate graphs that simplify the understanding of the behaviour of each dimension against the cor-
responding outcome variables. First of all, each dimension is represented by a horizontal line whose
length depends on its variance. In other words, the longer the line is, the more disperse the results are
and the less chances to reach binding conclusions.

Additionally, the location of each line with respect to the dotted vertical line shows the type of effect
between each driver and outcome. In some cases, a positive effect (right side of the dotted line) or a
negative effect (left side) can be clearly observed. However, in other cases, the dimension line lies on

both sides of the vertical line, which means that not all the countries show the same pattern.

To sum up, the shorter and the further apart from the dotted line the dimension is, the more meaningful
the results are. In statistical terms, the level of significance is determined by the p-value as explained

in the Methodology section (see Section 3.5.5 in the Methodology chapter).

The illustration of the results obtained from the regression analysis are presented hereunder by out-

come or response variable.
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C1 as response variable

The first regression analysis performed was against C1, being the static components of the outcome

variables. The results of this analysis have been illustrated in the following graph:

C1
Dim 1 _—
Dim 2 &
Dim 3 @
Dim 4 :
Dim 5 L
Dim 6 3
-150 -100 50 0 50 100
Estimates

Figure 11: Illustration of the regression analysis against C1. — Authors’ elaboration with R

This graph shows the degree of correlation of each dimension with C1. The shorter the line is, the
lower the variance of the estimated parameter (B) is. However, the P-value of each dimension is going
to be critical to determine which dimensions have a significant influence on the outcomes, as men-

tioned above.

In this case, the only Dimension that statistically has a direct positive influence on the number of
cashless transaction per capita (C1) is Dimension 1, which includes static components of several

drivers such as Degree of Digitalization or Economic Development.

The second lowest p-value comes from Dimension 5, which is probably determined by its high vari-
ance. Although the p-value is not statistically significant to reach binding conclusions about this di-
mension, this could explain the behaviour of certain countries towards a lower level of cashlessness

despite its high Digital & Economic Development.
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Therefore, based on the directions of the estimated parameters, C1 can be explained by the following
formula: + Dim1 (- Dim5) = + C1 or, in other words:

+ Digital & Economic Development (- Digital Trust) = Cashless Transactions/Capita

When disaggregating each dimension by driver components, C1 can be explain as a result of:

—_—

+ D1s: Degree of digitalization
(— D2s: Digital trust)

+ D3s: Regulation effectiveness | C1: Cashless Tx/Capita
+ D4s: Maturity of the banking industry

+ D5s: Transparency

+ D6s: Economic Development & Financial Inclusion

—

C2 as response variable

The second regression analysis performed was against C2, being the dynamic components of the
outcome variables and representing the growth in cashless transactions per capita between 2010 and

2015. The results of this analysis have been illustrated in the following graph:
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Figure 72: Illustration of the regression analysis against C2. — Authors’ elaboration with R
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Following the same reasoning as C1, this graph -along with the regression results- determines that
Dimension 2 and Dimension 6 have a positive influence on C2. By contrast, Dimension 4 has a neg-

ative effect against C2. All these results are statistically significant considering their p-values.

Therefore, based on the directions of the estimated parameters, C2 can be explained by the following

formula: + Dim2 — Dim4 + Dim6 = + C2 or, in other words:
+ Digital & Transp. Growth — Compliance Reg. + Bank. Matur. Growth - Cashless Growth

When disaggregating each dimension by driver components, C1 can be explain as a result of:

—_—

+ D1p: Degree of digitalization

_ D3s: Compli lati
s- -ompfiance regufation L C2: Cashless Growth

+ D4p: Maturity of the Banking Industry

+ D5p: Transparency

Overview of the regression analysis

Considering all these findings, the initial drivers stated in the hypothesis have the following effects

on each of the Cashlessness components defined along the thesis:

Drivers’ Effects on Cashlessness components Static (C1) Dynamic (C2)

Driver 1: Degree of digitalization + +
Driver 2: Digital Trust & Privacy Concerns -)

Driver 3: Legal Framework +

Driver 4: Maturity of the Banking Industry + +
Driver 5: Transparency & Corruption + +
Driver 6: Economic development & Financial inclusion +

Table 3: Overview of the correlation between hypothesised drivers and the cashlessness components.
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Based on the summary of Table 3, both components can be merged into a unique parameter that
shows the effect of the drivers on the overall level of cashlessness. The following table summarizes

the core findings of this thesis:

Drivers’ Effects on the overall level of Cashlessness cals_r?I\(/a eslsr?Zss
Driver 1: Degree of digitalization +
Driver 2: Digital Trust & Privacy Concerns )
Driver 3: Legal Framework +/—
Driver 4: Maturity of the Banking Industry +
Driver 5: Transparency & Corruption +
Driver 6: Economic development & Financial inclusion +

Table 4: Overview of the correlation between hypothesised drivers and the level of cashlessness.
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5. Discussion

Our findings support the idea that a Cashless Society is a comprehensive complex concept that in-
volves many interactions and stakeholders as reasoned by earlier research (Arvidsson, 2019; Akinola,
2012). Systematically, the academic literature relevant for this topic acknowledges the presence of
certain factors that influence the path towards being cashless. These publications intend to explain
part of the phenomenon by only focusing on a particular factor or set of factors. However, none of
them were aimed at providing a holistic analysis on this topic, neither from a static nor a dynamic

perspective.

This thesis contributes to the understanding of the move towards a Cashless Society in three different
ways. Firstly, by identifying the main drivers from previous academia research. Secondly, by statis-
tically validating the identified drivers across a broad spectrum of countries. Lastly, by determining

the direction of the validated drivers from both a static and dynamic perspective.

The review of the literature regarding the main factors that determine the level of cashlessness re-
vealed 6 distinct drivers: Degree of Digitalization; Digital Trust; Legal Framework; Maturity of

banking industry; Transparency & Corruption, and Economic Development & Financial inclusion.

Five of these drivers were statistically validated. The only hypothesised driver that could not be sta-
tistically validated by our proposed model was “Digital Trust & Privacy Concerns”. This unantici-
pated finding derives from the low level of significance of the Dimension 5 resulting from the regres-
sion analysis against C1. This Dimension is, as explained before, predominantly dominated by the
level of digital trust based on behaviour (Variable T1). Said that, the authors of this paper decided

not to discard Trust as one of the drivers due to the following reasons:

- The importance of this specific driver throughout most of the reviewed publications (Achord
etal., 2017; Holst et al., 2015; Smithin, 2000).

- The fact that, despite not being statistically significant, it has the second lowest p-value and
has a negative correlation against C1. The large variance of this parameter can partly explain
the resulting p-value. This could mean that this driver only has impact in certain cases. For

instance, this is the case of Germany, a country that it extensively known by the literature
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(Achord et al., 2017) for its aversion towards becoming cashless due to its lack of trust in
digital technologies despite its level of Digital and Economic Development.

- Trust is a very subjective feature hard to measure in quantitative terms, meaning that even
trusted sources can deal with difficulties when evaluating this issue across countries with di-

verse cultural and social backgrounds.

The level of cashlessness has been analysed from two perspectives: a static view on the country’s
level of cashlessness in 2015 and a dynamic perspective based on the evolution of the level of cash-
lessness between 2010-15. Our thesis confirms that most drivers have a direct influence on both per-

spectives.

The first driver to be validated through our model was the: Degree of Digitalization. This driver has
a positive effect on both static and dynamic perspectives. This supports the theory of Fabris (2019)
and Baubeau (2016) that suggests that the progression of technology and innovation leads to an in-
crease in digital payments and reinforces Arvidsson (2019) and Baubeau (2016) view in which new
technological solutions are substituting cash in payment situations.

Legal framework was the second driver to be statistically validated. According to our model, legal
framework can have either a positive or negative effect, depending on the perspective. Our literature
review supports the duality of this factor (Blind, 2015). From a static perspective, the regression
showed that regulatory effectiveness has a positive effect on the level of cashlessness. This finding
supports Rogoff (2016), Akinola (2012) and OECD’s (2002) theories that suggest that regulation
implemented by governments or central banks helps to disseminate digital money faster. At the same
time, C2 is negatively affected by compliance regulations. Countries that have not introduced a de-
manding compliance regulatory body have higher growths in terms of cashless transactions. On the
other hand, it reinforces the theory of Batiz-Lazo et al. (2016) that states the rise in new forms of
digital payments are linked, at least in the early stages, to a lack of regulation, weak infrastructures
and poor institutional quality since it creates space for innovation and creativity to flourish. In most
of the cases, such as the emergence of new forms of money or crypto currency, regulation comes after

the technological novelty.

The Maturity of the Banking Industry shows a positive influence on countries’ degree of cashlessness

and growth. This finding is strengthened by the research of Arvidsson (2019) about Sweden, that
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identifies banks as one of the necessary structures to a move towards a higher level of cashlessness.
This not only supports the static perspective, but also its dynamic component. Most countries that
show a progress in the development of their banking industry also display an improvement of their
underlying infrastructures, which are essential to establish trustworthy and efficient payment plat-

forms (World Economic Forum, 2015).

Transparency and Corruption are two concepts that are used interchangeably, as earlier justified. This
driver, according to our regression analysis, reveals a positive effect on both parameters, C1 and C2.
This fact reinforces the theoretical claims of Fabris (2019) and Warwick (2004) that argue that the
elimination of physical money is considerably connected with a higher level of transparency; and also
Rogoff (2016) that states that corruption prevents society from becoming cashless and delays the

countries’ process of phasing out cash.

The last driver to be validated through our statistical model was the Economic Development & Fi-
nancial Inclusion. This driver shows a positive correlation against the static component (C1). This
confirms the study of OECD (2002) that states that economies with a higher level of economic de-
velopment are featured by a greater customer purchasing power with more advanced means of pay-
ments as well as a higher propensity for companies and banks to long-term investments in innovation.
This supports also our Pearson Correlation Analysis that shows the high correlation (0,8) between
Economic Development (E1) and the Banking Maturity (B1) variables. By contrast, this analysis
reveals no statistical significance against the dynamic parameter (C2). This can be explained by the
fact that the dynamic parameter has a short-term vision and, thus, contextual and cyclical economic

downturns may not significantly influence the countries’ trend towards becoming cashless.

As for the country clustering, which complements the main findings of our study, suggests that coun-
tries show similar patterns at different stages of cashlessness. This led to the division of countries into
4 clusters (see figure 9). According to the cluster analysis, countries that share a high level of digital
and economic progress as well as exhibiting a steady digital growth (Cluster 1V) are the ones that
have a greater level of cashlessness in absolute terms (C1). These countries also tend to share a good
access to financial institutions, to sophisticated communications infrastructures, a higher degree of
financial inclusion, greater consumer purchasing power and a higher degree of institutional stability
and efficiency, as suggested by Rogoff (2016). Before reaching this final stage of cashlessness, most
countries pass either through cluster Il or 111, depending on their progress in relative terms. The initial
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and lowest stage of cashlessness (Cluster I) reveals a sharp growth in terms of digital transactions in
countries with a low or medium level of digital and economic developments. This growth can be
explained by the implementation of non-traditional payment methods -Saudi Arabia, Thailand and
Malaysia are excellent examples- promoted by proliferation of internet and smart phones. At the same
time, the cluster analysis illustrates that all the drivers are necessary to explain the cashless phenom-
ena, including drivers such as Transparency & Corruption or Legal Framework.

To sum up, this thesis was designed to shed light on the main drivers towards a cash-free society.
This thesis does not pretend, by any means, to judge this phenomenon and analyse its positive or
negative effects on the overall wellbeing of societies. By having validated and measured our hypoth-
esis and, thus, answering the initial problem statement, this thesis can be useful for different actors.
In academia, other researchers can take these findings as a starting point to study deeper any of the
drivers identified, to improve the statistical model development or, for instance, to analyse the con-
sequences of a Cashless Society. Policymakers or financial institutions can also take advantage of
this paper for a better understanding of this topic and, by doing that, mitigating the potential negative

effects of phasing out cash.

As in any quantitative research, this paper is subjected to limitations. A first limitation is related to
the generalizability of the findings. Due to the effort to represent a wide range of countries from
different continents, the data collected has been constrained by its availability. Despite this limitation,
the resulting research sample used for the core analysis includes countries in different stages of cash-
lessness. Second, the authors of this paper acknowledge that both the level of cashlessness and the
hypothesized drivers can be described by alternative criteria. For instance, the level of cashlessness,
as pointed out in the Methodology chapter, can be defined by the percentage of cashless transactions
out of the total number of payments. For further research, these considerations should be taken into

account as a way to improve the proposed model.
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6. Conclusions

In the last couple of decades, the academic work around Cashless Society has significantly increased.
This concept has been scrutinized from multiple angles, from anthropologic to economic perspec-
tives. It is considered a multifaceted concept that involves complex interactions between different
stakeholders and dynamics. Notwithstanding, the scientific literature regarding the subject reveals a
potential knowledge gap when it comes to identifying the main drivers that lead to a Cashless Society

as well as the interaction between these drivers and the resulting impact on the level of cashlessness.

This thesis ultimate purpose is to contribute vividly to the academic discussion around the drivers
that explain the path towards a Cashless Society. This goal has been achieved by validating the drivers
identified in the existent academic literature. In this regard, the six different hypotheses stated bellow

have been developed and tested with the purpose of examining the problem statement of our thesis:

1) Degree of Digitalization

2) Digital trust & Privacy Concerns
3) Legal framework

4) Maturity of the banking industry
5) Transparency & Corruption

6) Economic development & Financial inclusion

The method followed by this paper takes a postpositivist approach as an initial point to tackle the
formulated research questions. By conducting a quantitative analysis based on an original database
with a large set of variables that covers countries across continents as well as the employment of
different statistical tools -including PCA, clustering and regression models-, this paper has given an
answer to both questions after validating each and every hypothesis.

Our study shows, backed by quantitative evidences, that there are 6 main drivers in a path towards a
Cashless Society: (1) Degree of Digitalization; (2) Digital Trust; (3) Legal Framework; (4) Maturity
of the Banking Industry; (5) Transparency & Corruption; and (6) Economic Development & Financial
Inclusion. Three of these drivers - Degree of Digitalization; Maturity of the Banking Industry and

Economic Development & Financial Inclusion- have a positive impact on the level of cashlessness;
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whereas Digital Trust & Privacy has a negative effect. As for the Legal Framework, it is a double-
edged sword since both positive and negative effects were registered.

This thesis contributes to the academic research in different ways. At first, it helps to clarify the
existent literature by identifying the core drivers behind the path towards a Cashless Society. Then,
the statistical model developed by this paper has enabled a cross-country validation of each identified
driver. Finally, this same model can be used to define the direction of each driver regarding the level

of cashlessness, from both a static and dynamic perspective.

Future research can build on these contributions and take this model one step further. For instance, a
more elaborated model could explain the different stages of cashlessness or the consequences of each
driver on the resulting level of cashlessness. At the same time, it can also encourage different stake-
holders involved in the Payments Industry to acknowledge how they can be more effective in their
decisions. In the meantime, it is reasonable to test our model over the coming years by merely updat-
ing the variables provided or, alternatively, by considering novel drivers based on future academic
findings.
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Appendices

Appendix A. Unified Dataset

A.l. Countries included in the Unified Dataset

## [1] "Albania” ## [28] "Mauritius"

## [2] "Armenia" ## [29] "Netherlands"

## [3] "Australia" ## [30] "New Zealand"

## [4] "Austria” ## [31] "Nigeria"

## [5] "Bangladesh" ## [32] "Norway"

## [6] "Bolivia" ## [33] "Pakistan"

## [7] "Brazil" ## [34] "Poland”

## [8] "Bulgaria" ## [35] "Portugal”

## [9] "Chile" ## [36] "Republic of Korea"

## [10] "Colombia" ## [37] "Russian Federation"

## [11] "Costa Rica" ## [38] "Saudi Arabia"

## [12] "Dominican Republic" ## [39] "Serbia"

## [13] "Egypt" ## [40] "Singapore"

## [14] "Estonia” ## [41] "Slovakia"

## [15] "Finland” # [42] "Slovenia"

## [16] "France” ## [43] "South Africa"

## [17] "Germany" ## [44] "Spain"

## [18] "Greece" ## [45] "Sri Lanka"

## [19] "Guatemala" ## [46] "Sweden"

## [28] "Hungary” ## [47] "Switzerland"

## [21] "Ireland” ## [48] "Thailand"

## [22] "Israel" ## [49] "Turkey"

## [23] "Japan" ## [50] "United Arab Emirates”

## [24] "Jordan” ## [51] "United Kingdom of Great Britain and Northern Ireland"

## [25] "Latvia" ## [52] "United States of America"

## [26] "Lithuania” ## [53] "viet Nam"

## [27] "Malaysia" ## [54] "Zimbabwe"

A.2. Sample of values
HH# Country or area name Code Cc1 Cc2 D1 D2 T1 T2 R1
## 1: Singapore SGP 726.9535 ©.05893477 3.69 2.35 3.26 0.81 92
HH 2 Republic of Korea KOR 528.2707 ©.98939742 3.68 1.42 1.73 -0.67 NA
#H 3. Norway NOR 488.2201 0.05745779 3.79 1.73 2.80 0.39 76
#H 4 New Zealand NZL 464.4335 0.03775956 3.54 2.38 2.66 0.15 NA
## 5: Sweden SWE 438.7181 ©.06663803 3.79 1.09 2.52 -0.82 91
#H# 6. Australia AUS 414.4244 0.06739513 3.55 1.25 1.85 -1.05 78
HH R2 E1l E2 B1 B2 CP1 CcP2
## 1: 14 5.676669 ©.007162705 5.571399 -0.006475373 85 -0.017828800
## 2: NA 4.986650 0.002279708 3.602648 -0.020236310 54 ©.000000000
## 3: 13 5.405860 ©.010027827 5.209466 -0.005477997 88 ©0.004608490
## 4: NA 5.254458 ©.013337444 5.728251 0.018401431 91 -0.004338558
## 5: 17 5.434574 -0.004423921 4.988134 -0.006273547 89 -0.006608509
## 6: 17 5.148697 ©.001445540 5.358213 -0.003448935 79 -0.019107153
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##
#H#
#it
#H#
#it
##
##
##
#H#
#it
#it
#H#
#it
#H#
#it
#it
##
#it
#H#
#it
#it
#H#
#it
#H#
#H#
#it
##
#it

##
##
H#H
H#H
H#H#
##
H#i#
H#H
HH
HH#
##
#H#
#H#
#H#
HH
H#H
#H#
H#H#
##
H#H#
H#H
H#H#
H#H#
##

R2 E1l E2 B1 B2 CP1
14 5.676669 ©.007162705 5.571399 -0.006475373 85 -0.
NA 4.986650 ©.002279708 3.602648 -0.020236310 54 0.
13 5.405860 0©.010027827 5.209466 -0.085477997 88 0.
NA 5.254458 ©.013337444 5.728251 ©0.018401431 91 -0
17 5.434574 -0.004423921 4.988134 -0.006273547 89 -0
17 5.148697 ©.001445540 5.358213 -0.003448935 79 -0
GC1 GC2 Gl G2 Cy1l
54940.86 0.033614130 3.04098e+11 0.051635279 0.6765
27105.08 0.041796671 1.38276e+12 ©.047867845 0.7059
74498.14 -0.032257979 3.86663e+11 -0.020625964 0.7353
38649.38 0.027834324 1.77621e+11 ©0.039158090 0.7353
50812.19 -0.004902503 4.97918e+11 ©.003876808 0.6471
56561.41 ©0.017205883 1.34903e+12 0.033474097 0.7647
CY5 cYe CcY7 cys DEI1 DEI2
0.750 0.500 0.925 0.925 56.20681 ©.028544836 0.96352
©.625 0.500 0.782 0.782 50.62514 ©.020865828 0.94360
0.875 0.500 0.786 0.786 47.083921 -0.012803597 1.00000
0.625 0.500 0.718 0.718 46.25875 ©.011793060 0.99525
0.625 0.625 ©.733 0.733 55.23459 -0.007945216 0.99719
0.875 0.625 0.824 0.824 48.14280 -0.005647665 0.98859
F3
0.8702403
0.8610544
0.9836910
0.9761475
0.9921191
0.9490806
A.3. Variables Description
Country or area name Code c1
Length:54 Length:54 Min. 0
Class :character Class :character 1st Qu.: 28.
Mode :character Mode :character Median : 92.
Mean 1162,
3rd Qu.:244.
Max. :726.
c2 D1 D2
Min. -0.08062 Min. :1.518  Min. :0.560 Mi
1st Qu.: ©.85783 1st Qu.:2.410 1st Qu.:1.535 1
Median : ©.10460 Median :2.885 Median :2.005 M
Mean . 9.20620 Mean :2.876  Mean :2.041 M
3rd Qu.: 0.22731 3rd Qu.:3.525 3rd Qu.:2.393 3
Max. : 1.62595 Max. :3.796 Max. :3.810 M
NA's 110 NA's :18 N
T2 R1 R2
Min. -1.85 Min. : 44.0 Min. : 2.00  Min.
1st Qu.:-0.49 1st Qu.: 75.0 1st Qu.:10.25 1st
Median :-98.04 Median : 80.0 Median :12.00 Medi
Mean : 0.01 Mean : 81.6 Mean :13.13 Mean
3rd Qu.: 0.42 3rd Qu.: 91.6 3rd Qu.:16.75 3rd
Max. :1.10 Max. :106.0 Max. :23.00 Max.
NA's 121 NA's 124 NA's 124
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1st Qu.:0.5825 1st Qu.: ©
Median :0.8144  Median : @
Mean :0.7316 Mean ]
3rd Qu.:0.9663 3rd Qu.: ©
Max. :1.0000  Max. H )
NA's 12

Bl

(€ I R LA N

c121

576

11368
12224

3814

18201

2
:-0.
:-9.
H]

%]
Q.
(4]

.0000
.2500

5625
5069

.7500
.0000

.1140
.4260
.5800
.5724

7552
9250

.065
.000
.016
.045
.088
.228
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B2 CcP1
.813  Min. :-0.066487  Min. :21.00
.614 1st Qu.:-0.0821989 1st Qu.:37.25
.236 Median :-0.010794  Median :53.5@
.212 Mean 1-0.011043 Mean :55.61
.689 3rd Qu.: 0.001717 3rd Qu.:73.75
.728  Max. : 9.031418  Max. :91.00
GC2
@ Min. 1-0.076605
9 1st Qu.:-0.0808856
8 Median : ©.018163
3  Mean 0.015712
7] 3rd Qu.: ©.0835756
6 Max. 0.098177
Ccy1 CcY2
98165  Min. :0.0882  Min. :0.0000
01126  1st Qu.:0.2941 1st Qu.:0.5000
.02811 Median :0.5147 Median :0.7500
.92455 Mean 10.4798 Mean :0.6991
95042  3rd Qu.:0.6765 3rd Qu.:1.0000
.11094  Max. :0.8235  Max. :1.0000
CYS CcYe
Min. :0.0000  Min. 10.0000
1st Qu.:0.2500 1st Qu.:0.1250
Median :0.5000 Median :0.5000
Mean :0.4653 Mean 10.3681
3rd Qu.:0.6250 3rd Qu.:0.5000
Max. :1.0000 Max. :0.6250
DEI1 DEI2
Min. :13.77  Min. 1-0.025845
1st Qu.:28.78 1st Qu.:-0.007870
Median :39.39 Median : ©.885944
Mean :37.93 Mean : 0.009005
3rd Qu.:47.15 3rd Qu.: 0.020858
Max. :56.21 Max. : 0.066466
NA's 116 NA's 116
F3
2084  Min. 10.07412
6656 1st Qu.:0.34113
7737 Median :0.61479
1382  Mean :0.60866
3215 3rd Qu.:0.90247
1883  Max. 10.99212
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Appendix B. Research samples

B.1. Countries included in the Research sample with Complete Data

H#i
#H#

[1] "Australia"
[2] "Colombia"
## [3] "Hungary"
## [4] "Ireland"
## [5] "Malaysia"
## [6] "Saudi Arabia"

## [7] "Singapore"

## [8] "Slovenia"

## [9] "Spain"

## [10] "Sweden"

## [11] "Thailand"

## [12] "United Kingdom of Great Britain and Northern Ireland"
## [13] "United States of America"

B.2. Countries included in the Optimised Research sample

## [1] "Australia” ## [23] "New Zealand"

## [2] "Austria" ## [24] "Nigeria"

##t [3] "Bangladesh” ## [25] "Norway"

## [4] "Bolivia” ## [26] “"Pakistan®

## [5] "Brazil" ## [27] "Poland”

## [6] "Bulgaria"” ## [28] "Portugal"

#  [7] "Chile" ## [29] "Republic of Korea"

## [8] "Colombia" ## [36] "Russian Federation”
# [9] "Egypt" ## [31] "saudi Arabia"

## [10] "Estonia" ## [32] "Singapore"

## [11] "Finland" ## [33] "Slovakia”

## [12] "France" ## [34] "Slovenia”

## [13] "Germany" ## [35] "South Africa"

## [14] "Greece" ## [36] "Spain"

## [15] "Hungary" ## [37] "Sweden"

## [16] "Ireland" ## [38] "Switzerland"

## [17] "Israel” ## [39] "Thailand"

## [18] "Japan” ## [40] "Turkey"

## [19] "Jordan” ## [41] "United Arab Emirates"
## [20] "Latvia” ## [42] "United Kingdom of Great Britain and Northern Ireland"
## [21] "Malaysia” ## [43] "United States of America"
## [22] "Netherlands" ## [44] "Viet Nam"
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Appendix C. Data analysis methods

C.1. Overview of the PC analysis (RS with Complete Data)

#it eigenvalue percentage of variance cumulative percentage of variance
## comp 1 10.59346743 39.2350646 39.23506
## comp 2 6.069815847 22.5857721 61.82084
## comp 3 3.93189891 14.5625886 76.38343
## comp 4  2.32047296 8.5943443 84.97777
## comp 5 1.28135452 4.7457575 89.72353
## comp 6 1.10699747 4.8999906 93.82352
## comp 7 0.73983309 2.7401225 96.56364
## comp 8 ©.36286239 1.3439348 97.90757
## comp 9  ©.25141595 0.9311702 08.83875
## comp 10 ©.14823436 0.5490161 99.38776
## comp 11 ©.68717699 0.3228777 99,71064
## comp 12 ©.07812746 0.2893610 100.00000

C.2. Contribution graphs for the different components (RS with Complete Data)

Dimension 1:

Contribution of variables to Dim-1

Contributions (%)
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Dimension 2:

Contribution of variables to Dim-2
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Dimension 3:
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PCA - Biplot
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Dimension 4:

Contribution of variables to Dim-4
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Dimension 5:

Contribution of variables to Dim-5
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Dimension 6:

Contribution of variables to Dim-6

Contributions (%)
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PCA - Biplot
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C.3. Overview of the PC analysis (Optimised RS)

Contribution of variables to Dim-1

Contributions (%)
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Contribution of variables to Dim-2
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C.4. Cluster analysis (RS with Complete Data)

Optimal number of clusters using the Elbow Method

Optimal number of clusters
Elbow method
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C.5. Cluster analysis (Optimised RS)
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C.6. Regression analysis (RS with Complete Data)

C1 as response variable:

H#it

## Call:

## glm(formula = C1 ~ ., data = as.data.frame(dimensions))
H#t

## Deviance Residuals:

#H# Min 1Q Median 3Q Max

## -139.35 -56.03 -12.11 49.50 194.37

H#t

## Coefficients:

Hit Estimate Std. Error t value Pr(>|t]|)

## (Intercept) 237.878 34.682 6.859 0.000473 ***
## Dim.1 50.9706 10.656 4.783 0.083053 **

## Dim.2 -19.889 14.044 -1.416 0.206501

## Dim.3 22.338 17.491 1.277 ©.248748

## Dim.4 -2.371 22.768 -0.104 0.920441

## Dim.5 -46.430 30.639 -1.515 0.180448

## Dim.6 -3.697 32.963 -0.112 0.914356

HH ---

## Signif. codes: © '***' 9,001 '**' ©.01 "*' ©.05 '.' 0.1 ' "' 1
##

## (Dispersion parameter for gaussian family taken to be 15636.95)
#H#

## Null deviance: 544730 on 12 degrees of freedom

## Residual deviance: 93822 on 6 degrees of freedom

## AIC: 168.39

#H#

## Number of Fisher Scoring iterations: 2
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C2 as response variable

#H

## Call:

## glm(formula = C2 ~ ., data = as.data.frame(dimensions))
#H

## Deviance Residuals:

H#Ht Min 1Q  Median 3Q Max

## -3.0868 -1.1373 0.3001 0.8327 2.9616

##

## Coefficients:

it Estimate Std. Error t value Pr(>|t])

## (Intercept) 8.3607 0.6984 11.971 2.06e-05 ***
## Dim.1 -0.39e8 0.2146 -1.821 ©.11844

## Dim.2 1.2182 0.2828 4.307 ©.00505 **

## Dim.3 0.3885 0.3522 1.183 0.31226

## Dim.4 -1.1973 0.4585 -2.611 ©.04004 *

## Dim.5 0.8632 0.6170 1.399 0.21131

## Dim.6 2.6554 0.6638 4.000 ©0.00712 **

HH o---

## Signif. codes: © '***' @g.001 '**' ©9.01 '*' @.05 '.' 0.1 ' " 1
##

## (Dispersion parameter for gaussian family taken to be 6.341129)
HH#

#H Null deviance: 341.567 on 12 degrees of freedom

## Residual deviance: 38.847 on 6 degrees of freedom

## AIC: 66.853

##

## Number of Fisher Scoring iterations: 2
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