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Abstract

The consequences of the 2007-2009 crisis, the dynamic process of digitalisation of
economies, and the increased access to the Internet (especially broadband) contributed to
the development of innovative technologies in the financial services sector, referred to as
the financial technology (FinTech) sector. The development of the FinTech industry is not
possible without active support from the state, appropriate legal regulations, innovation,
and society’s readiness for new financial solutions. The aim of this article is to assess the
conditions for the development of the FinTech sector in European Union countries and in
major global economies. Using the taxonomic measure of economic development devel-
oped by Professor Hellwig, a ranking was constructed that shows that in 2021 the level
of the analysed conditions in EU countries and in the largest global economies outside
the Community was highly diverse. At the top of the ranking is the United States, which
scored over eighteen times higher than the country closing the ranking (India). Poland
ranked 26th (out of 34), and thus was classified as a country with conditions that are not
very favourable for FinTech operation and development.

Keywords: financial services, innovation, financial technologies, taxonomic analysis,
FinTech sector

Introduction

The process of integrating the financial sector with the modern technology industry,
observed since the early 1970s, has contributed to the emergence of entities offering
FinTech solutions. Nowadays, the efficient functioning of modern economies cannot be
imagined without these entities, most commonly referred to in the subject literature
as FinTech companies. The global leaders in the FinTech sector include companies such
as Visa and Mastercard, which develop tools enabling cashless payments.

Along with dynamic growth, the FinTech sector has gradually expanded its activ-
ity to include new segments. FinTech companies now offer financial services in areas
such as asset management, insurance, financing, and payments. Their presence in these
industries significantly increases the scale of operations performed, although the scope
and degree of implementation of innovative financial technologies vary between coun-
tries. This depends on many conditions, such as the nature of the regulatory and legal
environment for FinTech entities, the willingness of society to use financial technolo-
gies, and the level of innovation and economic development of a given country. The
development of the FinTech sector is so important for improving the quality of service
in the financial market and increasing the number of transactions concluded on it that
research is being conducted on the level of openness of individual economies to this
sector. However, the diversity and complexity of the factors influencing its develop-
ment give rise to problems in selecting a research method that enables an objective
assessment of the analysed issue.

The aim of the article is to assess the conditions for the development of the Fin-
Tech sector in selected countries in 2021 using the taxonomic development measure
developed by Professor Hellwig, which can be used to create country rankings. The
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analysis covered the 27 European Union countries as
well as the United States, the United Kingdom, India,
Canada, China, Japan, and Brazil. The high level of
innovation in financial technologies enabled the fol-
lowing research hypothesis to be formulated: The
best conditions for the development of the FinTech
sector have been established in innovative and highly
economically developed countries.

The Concept of FinTech

Financial technologies constitute a leading factor in
the transformation of the financial sector on a global
scale. Although the term FinTech has been known since
the early 1970s', there is still no universal definition
of this term.

Currently, there are two fundamental approaches
to understanding the essence of FinTech. In the first,
FinTech is a form of modern digital technologies that
replace, complement, or enhance existing financial
services. In the second, it is a term referring to a new
industry of non-traditional and innovative financial
entities (Giglio, 2022; Harasim & Mitrega-Niestroj,
2018; Suryono et al., 2020). A current review of the
literature on how the term FinTech is understood is
presented in table 1.

Table 1

Summary of the Literature Review on Defining the Term FinTech

As noted by Harasim and Mitrega-Niestroj (2018),
when defining the term, some FinTech researchers
omit one of its most important aspects, namely, the
functional aspect, which is the effects of FinTech.
These include reduced costs and greater efficiency
of service in the financial sector. Most researchers,
however, agree on the high level of innovativeness/
modernity of the FinTech phenomenon (Harasim &
Mitrega-Niestrdj, 2018; Schueffel, 2016).

Harasim and Mitrega-Niestr6j (2018) interpret the
FinTech phenomenon from both a broad and narrow
perspective. According to the broad view, FinTech re-
fers to any application of technology that improves the
provision of existing financial services and/or creates
new types of services. The narrow perspective, on the
other hand, defines FinTech as an innovative financial
services sector comprising non-traditional market
participants who use modern technologies—mainly
in the process of creating products and services for
the banking sector. Thus there is a clear distinction
between traditional and innovative financial service
providers (Harasim & Mitrega-Niestrgj, 2018).

For the purpose of this study, the premises derived
from the narrow definition of FinTech were adopted.
This approach is also used by international institutions
studying the financial technology sector, such as the

Park, J. Choi and J. Yeon

Approach Authors Interpretation of the term FinTech
C. C. Vereara Modern technologies and digital innovations that serve to improve and
anél L' E Ag udo automate the process of providing financial services to individuals and
A8 businesses (Vergara & Agudo, 2021).
L. A. Abdillah Any information technology in the financial services industry (Abdillah, 2019).
Object-based S. K. Pant Innovative technologies used to improve the process of providing financial
o services (Pant, 2020).
M. Anshari, . . . . .
M. N. Almunawar Technologies used to provide financial services and products which, compared
’ M Masri ’ to those traditionally offered by the banking sector, are more user-friendly
and M Hamdan and convenient financial management tools for users (Anshari et al., 2019).
Y. Kim, Y.-. A service sector that creates and uses modern technologies focused on mobile

devices to improve the efficiency of the financial sector (Kim et al., 2016).

Technological entities representing a specific form of shadow banking, which

W. Szpringer Szpringer (2017) defines as part of the parallel banking system offering financial
intermediation services that are not subject to regulation or supervision.
Subject-based Companies that, by combining financial services with modern technologies,
P. Lasak contribute to the development of new business models, applications,

processes, or products (Lasak, 2021).

G. B. Navaretti,
G. Calzolari
and A. E Pozzolo

Entities providing the same type of financial services as banks, but in a more
efficient way due to the use of innovative technologies (Navaretti et al., 2017).

Source: author’s own work based on the sources listed with each definition.

" The precursor in the use of the acronym FinTech was the Vice President of the New York bank ‘Manufacturers Hano-
ver Trust’, Bettinger, who, in the early 1970s, used it to describe the fusion of three elements: banking expertise,
innovative management methods, and computers (Bettinger, 1972).
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educational platform Centre for Finance, Technology
and Entrepreneurship (CFTE).

A review of the literature reveals that the FinTech
sector is commonly considered to have developed in
three stages, which differ fundamentally in terms of
access to financial services (Abdillah, 2019; Folwarski,
2019; Leong & Sung, 2018; Pant, 2020). A brief over-
view of these periods is presented in table 2.

Today, FinTech can be assumed to be in the next
stage of development, characterised by close coop-
eration between the financial technology sector and
banks. The banking sector has become the main recipi-
ent of these solutions. This cooperation takes various
forms, from alliances and mergers between entities to
financial and substantive support provided to FinTech
companies by banks through incubation and accelera-
tion programmes or Venture Capital funds. Banks also
establish their own FinTech companies.

The FinTech sector should be perceived as a com-
plex and heterogeneous system composed of numer-
ous segments and subsegments. In particular, the
following segments can be identified: (1) financing;
(2) asset management; and (3) payments.

Three basic subsegments make up the financing
segment: those based on crowdfunding, those provid-
ing credit services, and those operating in the field of
factoring (Anshari et al., 2019; Folwarski, 2019; Giglio,
2022; Kmita, 2020). Brunello (2015/2016) perceives
crowdfunding as a process of cooperation among
a group of individuals willing to allocate private
financial resources, via specialised online platforms,
in order to support the implementation of projects.
The term in question, a neologism combining the
words crowd and funding, is associated with projects
of virtually any kind — from charitable initiatives to
business ventures (Brunello, 2015/2016).

Demographic processes and changes in consumer
preferences and approaches to investment strategies
have contributed to the emergence of a segment
within the FinTech sector that operates in the area of
asset management. This gave rise to the automation
of financial services, leading to phenomena such as
robo-advisory and social trading (Giglio, 2022). Inves-
tors using social trading present and exchange trading
ideas and investment strategies. In doing so, they ob-
serve the results achieved by other entities perceived
as experts (Leong & Sung, 2018; Ziobrowska, 2021).
In the subsegment related to automation, entities
implement systems based on special algorithms,
enabling, among other things, investment portfolio
management (Kmita, 2020).

Companies forming the payments segment offer
services related to the execution of domestic and
international payment transactions. FinTech entities
operating in this segment work using blockchain tech-
nology solutions, cryptocurrencies, and alternative
payment methods (CFTE, 2022; Kmita, 2020).

With the dynamic evolution of the financial technol-
ogy industry, FinTechs have gradually expanded their
operations to new markets, including the insurance
market. Entities operating in this field, referred to as
InsurTechs, work on innovative insurance solutions.
This term, similarly to FinTech, is an acronym of the
words insurance and technology (Kmita, 2020).

In order to streamline the process of bringing inno-
vative financial technologies to market, most national
supervisory authorities provide various forms of sup-
port to FinTech companies. These include regulatory
sandboxes and innovation hubs. The former allow
companies, usually start-ups, to test their innovative
financial solutions. An innovation hub, in turn, should
be viewed as a dedicated contact centre, facilitating

Description

The beginning of FinTech is marked by the establishment of the first transatlantic telegraph
cable connection between Europe and North America. FinTech 1.0 was based on the develop-
ment of infrastructure enabling global communication among the media, individuals, gov-
ernments, organisations, and financial markets. However, it primarily concerned developed

Pant (2020) identifies the activation of an ATM at a Barclays Bank branch in London as
the beginning of FinTech 2.0. The years 1967-2008 marked a period of digitalisation,
technological advancement, and the evolution of payment systems. In 1971, the first
electronic exchange, NASDAQ, was established—an important step in the digitalisation of
financial markets. The early 1980s saw developed countries’ banks shift from manual systems
to computerised ones. Unlike FinTech 1.0, FinTech 2.0 extended its scope globally across
various sectors. By the end of this stage, the development of internet-based business had

Table 2
Stages of Development of the FinTech Sector
Period Stage name
1866-1966 | nTech
1.0
countries such as the USA, France, and the United Kingdom (Pant, 2020).
FinTech
1967-2008 2.0
begun (Abdillah, 2019; Leong & Sung, 2018).
FinTech
2009-present 3.03.5

Following the 2007-2009 financial crisis and the intensification of financialisation, a phase
of rapid development in the innovative financial services sector began. Since the outset of
the FinTech 3.0 era—initiated in developed countries and evolving into the FinTech 3.5 era
as it expanded to developing countries—the financial technology startup industry has expe-
rienced dynamic growth. These entities, though not strictly traditional banking institutions,
began offering financial and banking products and services (Folwarski, 2019; Pant, 2020).

Source: author’s own work based on the sources cited in the descriptions of individual stages.
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the exchange of opinions and experiences between
FinTech entities (Alinska, 2019).

RegTech subsector (an acronym of regulatory tech-
nology) entities also contribute to the more efficient
functioning of the FinTech sector. Using modern
technologies, these entities deal with resolving con-
tentious issues relating to regulatory and supervisory
requirements. There are two types of RegTech entities:
companies offering their services to supervisors, fi-
nancial institutions and regulators, and entities that
support only supervisors and regulators (Folwarski,
2019).

Research Methodology

As mentioned above, the development of the
FinTech sector has been the subject of numerous aca-
demic studies conducted by both Polish and foreign
scholars. As a result of their work, indices have been
developed that measure the openness of particular
economies to financial innovations. In constructing
these indices, authors have employed a variety of
research methodologies and sets of variables. For
instance, when constructing a FinTech index for the
European Union countries, Folwarski (2019) adopted
six variables, including the number of FinTech com-
panies and a binary variable indicating the existence
(or non-existence) of an innovation hub? in a given
country. To determine the index value, he used decile-
based classification (Folwarski, 2019).

Due to the complexity and dynamic growth of
the financial technology sector, it is not possible to
develop a universal indicator for assessing the condi-
tions for the operation of the FinTech industry. In
this study, a measure was selected that accounts for
the multidimensional nature of FinTech and enables
a hierarchy of countries to be constructed.

The proposed measure is the taxonomic meas-
ure of development created by Professor Hellwig?
(1968), which enables quantification of the level of
the studied conditions by means of a single value.
This measure can be used to examine economic,
social, environmental, and cultural phenomena at
various levels of analysis (from local to global). As
a linear ordering method, it allows the ranking of
objects from the highest to the lowest position in
the hierarchy. This hierarchy is established based on
the value of the taxonomic measure of development
(TMR)). The TMR; is constructed to enable a holistic

approach to the studied issue, serving as a synthetic
measure of the variables that characterise it (Hellwig,
1968; Nowak, 1990).

The TMR; is structured in several stages: (1) se-
lection of diagnostic variables and determination of
their character (stimulant, destimulant or nominant);
(2) analysis of the variability and mutual correlation of
variables; (3) standardisation of variables*; (4) determi-
nation of the development pattern; (5) determination
of Euclidean distances from the adopted development
pattern for each examined unit (in this article, for each
country studied); (6) calculation of the value of the
TMR; (Hellwig, 1968; Nowak, 1990; Mtodak, 2006).

In the study presented, fifteen diagnostic variables
were initially proposed to characterise the condi-
tions for the development of the FinTech sector in
selected countries in 2021. A detailed description of
the variables is presented in table 4 (Appendix). The
variables were selected based on their relevance to
the phenomenon studied and the quality and avail-
ability of data. In addition to substantive and formal
criteria, statistical criteria related to variability and
correlation of features were also taken into account.
All variables used in the study were required to exhibit
high variability and low mutual correlation (Kukuta,
2000; Strahl, 2006; Zelias, 2002). The proposed vari-
ables can essentially be classified into the following
groups of factors:

¢ the proportion of people using selected financial

services and the Internet (X,—X,, X,,);

* the level of development of the services sector,

including banking activity (Xs—X5);
¢ the degree of economic development and in-
novation of countries (X,—X,,) — as innovative
and economically developed countries provide
favourable conditions for the creation of new
technologies;
¢ the state of the regulatory and legal environ-
ment for the FinTech sector (X,,);

¢ the development of FinTech companies (X; and
X13)§

¢ the level of cybersecurity (X;s) — this is a par-
ticularly important aspect in the context of risks
related to data theft from institutions using
financial technologies.

From the initially proposed set of variables, those
with low variability (i.e., variables for which the
coefficient of variation was below ten percent) and
those showing a strong correlation (i.e., for which

2 In this study, the two variables indicated by Folwarski (2019) were also adopted, although the number of FinTech
companies was given per 500,000 inhabitants — X8. The aforementioned binary variable, on the other hand, is in-

cluded as variable X12.

3 The development of quantitative taxonomy was initiated in the early 20th century by Czekanowski. However, the
pioneer in applying the linear ordering method within taxonomy was Hellwig. The measure of economic development
he introduced in 1968 enables the linear ranking of objects using the so-called development pattern (Hellwig, 1968;
Walesiak, 2016). Taxonomic methods for constructing synthetic variables for econometric modelling processes were

introduced by Bartosiewicz (1984).

4 This enables the transformation of variables to a common scale. This minimises the impact of differing units of
measurement and value ranges of individual characteristics on the final value of the indicator (Mlodak, 2006; Nowak,

1990).
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the absolute value of Pearson’s correlation coefficient
exceeded 0.7)°, were eliminated. Ultimately, four fea-
tures were rejected (X;, X,, X5, and X,).

In order to standardise the heterogeneous data
into comparable values, the features were normalised
by standardisation according to formula 1 (Hellwig,
1968; Mtodak, 2006; Nowak, 1990):

Xik — Xk
Sk

L= for (i=1,2,...,m;k=1,2,...,m) (1)
where:

Z; — standardised value of feature k in unit i;

X;x — absolute value of feature k in unit i;

X — arithmetic mean of feature k;

Sy — standard deviation of feature k;

n — number of countries;

m — number of variables.

As aresult, a matrix of standardised variable values
Z was obtained:

Z11  Z12 Z1k
Z — 221 ZZZ ...sz (2)
Zi1  Ziz  ..Zi
Based on the [...], a development pattern was de-

termined, representing an abstract object (country)
P, with the most favourable values of the diagnostic
variables describing the studied phenomenon (Hell-
wig, 1968):

Py = [Zo1, Zozs +vs Zard] (3)

where:
Zo. = max{z,} for stimulants,
Zy. = min{z,} for destimulants.

In the next step, for each of the studied entities
(countries), the Euclidean distances (d,,) from the de-
velopment pattern were calculated using formula (4)
(Hellwig, 1968; Nowak, 1990):

Z (Zik - Zok)? (4)
=1

djp =

Ultimately, the taxonomic development measure
TMR; was determined using formula (5) (Hellwig,
1968):

™R = 1-9 for (i=1,2,.,n)  (9)
0

where:

The TMR; usually takes values in the range [0, 1]°
(Hellwig, 1968). The closer its value is to 1, the
closer a given country is to the pattern and the more
favourable are its conditions for the development of
the FinTech sector. Additionally, using the arithmetic
mean value (TMR,) and the standard deviation (Sqyg,)
of the TMR,;, each country was assigned to one of the
following groups (Stec, 2015; Zelias, 2002):

* |- countries with very favourable conditions for
the development of the FinTech sector (TMR; >
TMR] + STMRi) 7;

* Il - countries with highly favourable conditions
for the development of the FinTech sector (TMR,
<TMR; < TMR, + Spue);

¢ [II - countries with somewhat favourable condi-
tions for the development of the FinTech sector
(TMR, = Spyi, < TMR; < TMR,);

e [V — countries with the least favourable condi-
tions for the development of the FinTech sector
(TMR; < TMR; = Syi;)-

The value of the taxonomic development measure
was determined for 34 countries. These included
all European Union Member States and other major
world economies. This selection was based on several
important premises. Firstly, the selected countries
have stable financial systems and play a key role in the
international financial sector. Secondly, their diversity
in terms of economic, social, and regulatory-legal
conditions enables examination of the factors de-
termining the development of favourable conditions
for the FinTech sector. Additionally, the availability of
high-quality statistical data for the selected countries
facilitates the conduct of research related to the
FinTech sector.

Research Results

The results of the conducted analysis are presented
in table 3 and illustrated in figure 1. The calculations
were performed using Microsoft Excel.

> The threshold value of the coefficient of variation is most commonly assumed to be ten percent (Miodak, 2006;
Olszewska, 2014). When determining the critical value of Pearson’s linear correlation coefficient, reference was
made to the premises adopted in other studies concerning various socio-economic phenomena in which the Hellwig
method and the indicated correlation measure were applied (Kiczek, 2015; Mitek & Mistachowicz, 2019; Olszewska,

2014; Stec, 2015).

¢ Its upper limit is 1. The probability that its value will be less than 0 is low (Hellwig, 1968).

7TMR, is approx 0.226; while Sy, is 0,113.
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Z‘I'L:'SI:f?cation of the Examined Countries According to the Constructed Measure of FinTech Sector Development Conditions
Group Ranking Country TMR; value
1 USA 0.546
Group I (TMR = 0.338) 2 Luxembourg 0.501
3 United Kingdom 0.393
4 Cyprus 0.355
5 Malta 0.329
6 Canada 0.324
7 Netherlands 0.288
8 Sweden 0.287
9 Ireland 0.285
(Gor.‘;‘z‘g lslTMRi <0338) 10 Denmark 0.281
11 Germany 0.275
12 Belgium 0.263
13 France 0.262
14 Estonia 0.257
15 Austria 0.237
16 Finland 0.223
17 Japan 0.199
18 Spain 0.197
19 Italy 0.196
20 Lithuania 0.194
21 China 0.186
22 Latvia 0.175
(Gor?l;lz) ls"TMRi < 0.226) 2 Brazil 0.174
24 Portugal 0.172
25 Slovakia 0.149
26 Poland 0.1389
27 Greece 0.1386
28 Hungary 0.136
29 Croatia 0.125
30 Slovenia 0.122
31 Czech Republic 0.097
Group IV 32 Bulgaria 0.087
(TMR; < 0.113) 33 Romania 0.048
34 India 0.030

Source: author’s own work.

The study results showed that in 2021 the United
States was the most favourable country for the opera-
tion and further development of the FinTech sector
(0.546 points). The next positions in the ranking
were taken by Luxembourg, the United Kingdom, and
Cyprus. The high ranking of these leaders was deter-
mined, among other things, by the high percentage of
people holding an account with a financial institution

or a mobile financial services provider. This indicates
a strong inclination of residents of these countries to
use financial services, which generates demand for
FinTech solutions. Countries in Group I also had the
highest share of exports of financial and insurance
services in total commercial service exports. In each of
these countries, FinTech companies had broad access
to tools facilitating compliance with regulatory and le-
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Figure 1
TMR; Index Values for Selected Countries in 2021

Source: author’s own work.
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Estonia and Malta, the highest number of FinTech
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in 2021. However, the United States and the United
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Among the least FinTech-friendly countries in
2021 were, from the lowest position: India, Romania,
Bulgaria, and the Czech Republic, with India’s TMR;
score being 0.067 points lower than that of the Czech
Republic. India’s poor result was driven in part by
the highest percentage of people with inactive bank
accounts and the lowest value added in the services
sector (as a percentage of GDP) among all the surveyed
countries. In 2021, India also had a significantly lower
GDP per capita compared to the remaining countries.
Moreover, India and Romania were among the least
innovative economies. In India, Romania, and Bulgaria,
the lowest percentage of people with an account at
a financial institution or mobile provider was record-
ed, which may indicate a low willingness of citizens
to use financial services and/or barriers in access to
them. Notably, despite these unfavourable conditions,
several global FinTech companies have emerged in
India (e.g. the financial platform Razorpay).
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Poland, with a TMR,; score of 0.139 points, ranked
26th in the table, placing it among fourteen other
countries where the conditions for FinTech sector
development were classified as unfavourable. In Po-
land, the number of FinTech companies per 500,000
inhabitants was relatively low (tenth from the bot-
tom). Moreover, none of the FinTech companies was
included in the list of the top one hundred FinTech
companies globally. The development of the FinTech
sector in Poland was also hindered by the relatively
low level of economic development and innovative-
ness (seventh place from the bottom for development
and sixth place from the bottom for innovativeness).

Summary

The development of financial technologies is in-
troducing a new quality in the provision of financial
services. The phenomenon under study has spread
across the global financial system, yet the level of
FinTech sector development varies significantly be-
tween countries. This variation is due to numerous
factors. The taxonomic measure of development
(TMR;) constructed in this study, which takes into
account various aspects that promote or hinder the
development of financial technologies, made it pos-
sible to identify, evaluate, and classify the countries
analysed in terms of the level of development of the
relevant conditions.

The results of the study confirm the research hy-
pothesis. As demonstrated, the level of development
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of the conditions under analysis varied significantly
among EU Member States and the largest non-EU
world economies. The gap between the countries
with the highest and the lowest TMR; scores was
0.516 points. The United States was the most favour-
able country for the FinTech sector in 2021, while
India was the least favourable. The United States is
an innovative and economically developed country
with a strong capacity for cybersecurity. In contrast,
the main barriers to the development of this sector
in India were a low percentage of people holding
bank accounts, low GDP per capita, and low level
of innovativeness. Poland was ranked among the
countries with less favourable conditions for the
FinTech sector. Among the EU countries, Poland was
only ahead of Greece, Hungary, Croatia, Slovenia, the
Czech Republic, Bulgaria, and Romania.

The study results indicate that countries classified
in Groups Il and IV require an in-depth analysis of the
current state of the financial technology sector. This
analysis should serve to devise an effective strategy
for measures to support the development of the
FinTech sector. Estonia may be considered a model
for effectively creating favourable conditions for the
sector’s development. Despite having a much lower
level of economic development than countries such
as Germany, Sweden, Denmark, and France, Estonia
ranked among the countries with highly favourable
conditions for the development of the FinTech sec-
tor. This is because Estonia follows a pro-innovation
approach to developing modern technologies. The
Estonian government has created simple and trans-
parent legal regulations, thereby facilitating the
establishment and operation of businesses in the
financial technology sector. In addition, the develop-
ment of the FinTech sector in Estonia is supported
by a high level of digitalisation of society and the
widespread use of mobile and internet technologies
among its population.

The future development of the FinTech sector
in individual countries will be shaped by numerous
factors, including the intensity of work undertaken
by national regulators in developing solutions for
companies creating financial innovations. The state
of the industry in question will also be significantly
influenced by the level of public trust in newly
developed financial technologies, as well as the ef-
fectiveness of institutions responsible for ensuring
safe conditions in cyberspace. During the course of
the study, however, a research gap was identified in
terms of precisely determining the impact of FinTech
sector development on the security of the financial
sector. It would seem appropriate to conduct a study
that takes into account the perspectives of both
financial institutions and individuals using financial
services.

The appendix is available in the online version
of the journal.
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