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Abstract

The development of the FinTech industry plays a crucial role in facilitating finan-
cial inclusion and achieving a substantial proportion of the Sustainable Develop-
ment Goals, thereby making a significant contribution to sustainable economic
development. It is essential to acknowledge that sustainable economic growth re-
lies on the sustainable advancement of all economic sectors and industries, includ-
ing FinTech. To significantly enhance global financial inclusion and sustainable
economic development, it is imperative to establish the sustainable growth of the
FinTech industry, which is currently undefined. The challenge of evaluating the
sustainability of the FinTech industry development at the national level remains
unaddressed.

The fundamental issue addressed in the dissertation pertains to the ambiguity
surrounding the sustainable development of the FinTech industry, as well as the
notable deficiency of evaluations regarding its sustainability in academic litera-
ture and practical applications. The dissertation aims to delineate the sustainable
development of the FinTech industry at the state level and propose a methodology
for assessing its sustainability, thereby identifying areas for enhancement and en-
suring the continuous growth of sustainable development within the FinTech sec-
tor. By accomplishing these objectives, the dissertation seeks to enhance digital
financial inclusion and promote sustainable economic development.

The dissertation comprises an introduction, three chapters, and general con-
clusions. The First Chapter seeks to elucidate and define sustainable development
within the FinTech industry by presenting an overview of the industry and ana-
lysing its growth, examining the environmental context of FinTech and the factors
propelling its expansion, exploring the connections between the FinTech environ-
ment and sustainable development, including the Sustainable Development Goals
(SDGs), and reviewing assessment methodologies for sustainable development in
the academic literature. The Second Chapter outlines the methodology for evalu-
ating the sustainable development of the FinTech industry, explains the specific
methods employed, and presents the data and sources used for the empirical anal-
ysis. The Third Chapter presents the findings from the empirical validation of the
methodology used to assess the sustainable development of the FinTech industry
across 15 selected European nations. The dissertation finishes with a series of
general conclusions.

Three publications have been released in peer-reviewed scientific journals,
and two publications have been presented in conference proceedings on the sub-
ject of the research.



Reziume

Finansy technologijy sektoriaus plétra uztikrina finansing jtraukt] ir jgalina pa-
siekti didele dalj darnaus vystymosi tiksly, tokiu biidu reik§mingai prisidédama
prie darnaus (tvariojo) ekonomikos vystymosi, ta¢iau darnus (tvarusis) ekonomi-
kos vystymasis néra galimas be darnios (tvariosios) visy ekonomikos sektoriy
(tarp jy ir finansy technologijy) plétros. Todél siekiant reikSmingai prisidéti prie
pasaulinio masto finansinés jtraukties didinimo ir darnaus ekonomikos vystymosi,
visy pirma reikia uztikrinti finansy technologijy sektoriaus tvariaja plétra, kuri iki
Siol néra apibrézta — néra aisku nei kaip ja jvertinti, nei kaip pamatuoti.

Disertacijoje nagrinéjama pagrindiné problema — finansy technologijy sekto-
riaus tvariosios plétros neapibréztumas ir jos vertinimo nebuvimas tiek mokslingje
literatuiroje, tiek praktikoje. Disertacijos tikslas — apibrézti finansy technologijy
sektoriaus tvariaja plétra valstybés lygmeniu ir pasilyti jos vertinimo metodolo-
gija, siekiant jvertinti finansy technologijy sektoriaus plétros tvaruma, identifi-
kuoti bei sekti tobulintinas sritis ir uztikrinti tvariosios finansy technologijy sek-
toriaus plétros augima, taip prisidedant prie skaitmeninés finansinés jtraukties
augimo ir darnaus ekonomikos vystymosi.

Disertacijg sudaro jvadas, trys skyriai ir bendrosios iSvados. Pirmame sky-
riuje siekiama iSgryninti ir pasitlyti tvariosios finansy technologijy sektoriaus
plétros apibrézima, atliekant finansy technologijy sektoriaus apzvalga bei jo au-
gimo analizg, finansy technologijy sektoriaus aplinkos apzvalga ir augimo veiks-
niy analize, iSanalizuojant sgsajas tarp finansy technologijy sektoriaus aplinkos ir
darnaus vystymosi bei darnaus vystymosi tiksly, atliekant tvariosios plétros verti-
nimo metody analiz¢ mokslinéje literatiiroje ir tokiu budu teoriskai pagrindziant
tvariosios finansy technologijy sektoriaus plétros vertinimo koncepcijos kiirimg.
Antrame skyriuje pristatoma tvariosios finansy technologijy sektoriaus plétros
vertinimo metodologija ir apraSomi pavieniai jos metodai. Taip pat pristatomi
empiriniam tyrimui naudotini duomenys ir $altiniai. Tre¢iame skyriuje pateikiami
finansy technologijy sektoriaus tvariosios plétros metodologijos pritaikomumo
empirinio patvirtinimo pasirinkty 15 Europos valstybiy lygmeniu rezultatai. Di-
sertacija uzbaigiama bendrosiomis i§vadomis.

Aptariamo tyrimo tema paskelbtos publikacijos: 3 — recenzuojamuose
mokslo Zurnaluose, 2 — konferencijy straipsniy rinkiniuose.
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Notations

Abbreviations

Al — artificial intelligence (liet. dirbtinis intelektas);

BCBS - the Basel Committee on Banking Supervision (liet. Bazelio banky prieziiiros ko-
mitetas);

EU — European Union (liet. Europos Sgjunga);

EUR — euro (liet. euras);

fDi — foreign direct investment (liet. tiesioginés uZsienio investicijos);

FinTech — financial technology (liet. finansy technologijos);

FSB — Financial Stability Board (liet. Finansinio stabilumo taryba);

FT4SD — FinTech for Sustainable Development (liet. finansy technologijos darniam vys-
tymuisi);

GDP - gross domestic product (liet. bendrasis vidaus produktas);

G7 —the Group of Seven (liet. Didysis septynetas);

IMF — International Monetary Fund (liet. Tarptautinis valiutos fondas);

10T — the Internet of Things (liet. daikty internetas);

Kendall’s W — Kendall’s Coefficient of Concordance (liet. Kendalio konkordacijos koefi-
cientas);

MMQR — Method of Moments Quantile Regression (liet. kvantiliy regresija pagal mo-
menty metodq);

OECD - the Organization for Economic Cooperation and Development (liet. Ekonominio
bendradarbiavimo ir plétros organizacija);
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PCA Index — Principal Component Analysis Index (liet. Pagrindiniy komponenciy ana-
lizés indeksas);

PEST analysis — analysis of external political, economic, social and technological factors
(liet. iSoriniy politiniy, ekonominiy, socialiniy ir technologiniy veiksniy ana-
lizé);

PISA — Programme for International Student Assessment (liet. Tarptautiné mokiniy ver-
tinimo programay);

R&D — research and development (liet. moksliniai tyrimai ir eksperimentiné veikla
(plétra));

SAW method — Simple Additive Weighting Method (liet. paprastasis adityvus svoriy
metodas);

SDG 1 — Sustainable Development Goal 1 “No Poverty” (liet. darnaus vystymosi tikslas
Nr. 1,,Sumazinti skurdg*);

SDG 2 — Sustainable Development Goal 2 “Zero Hunger” (liet. darnaus vystymosi tikslas
Nr. 2 ,,SumaZinti badg "),

SDG 3 — Sustainable Development Goal 3 “Good Health and Well-Being” (liet. darnaus
vystymosi tikslas Nr. 3 ,, Gera sveikata ir gerové ),

SDG 4 — Sustainable Development Goal 4 “Quality Education” (liet. darnaus vystymosi
tikslas Nr. 4 ,, Kokybiskas iSsilavinimas *); “SDG 5 — Sustainable Development
Goal 5 “Gender Equality” (liet. darnaus vystymosi tikslas Nr. 5 ,, Lyciy
lygybe*);

SDG 6 — Sustainable Development Goal 6 “Clean Water and Sanitation” (liet. darnaus
vystymosi tikslas Nr. 6 ,,Svarus vanduo ir higiena ),

SDG 7 — Sustainable Development Goal 7 “Affordable and Clean Energy” (liet. darnaus
vystymosi tikslas Nr. 7 ,, Prieinama ir $vari energija ),

SDG 8 — Sustainable Development Goal 8 “Decent Work and Economic Growth” (liet.
darnaus vystymosi tikslas Nr. 8 ,, Deramas darbas ir ekonominis augimas *);

SDG 9 — Sustainable Development Goal 9 “Industry, Innovation and Infrastructure” (liet.
darnaus vystymosi tikslas Nr. 9 ,, Pramoné, inovacijos ir infrastruktiira *);

SDG 10 — Sustainable Development Goal 10 “Reduced Inequalities” (liet. darnaus vysty-
mosi tikslas Nr. 10 ,, Sumazinti nelygybe *);

SDG 11 — Sustainable Development Goal 11 “Sustainable Cities and Communities” (liet.
darnaus vystymosi tikslas Nr. 11 ,, Darniis miestai ir bendruomenés *);

SDG 12 — Sustainable Development Goal 12 “Responsible Consumption and Production”
(liet. darnaus vystymosi tikslas Nr. 12 ,, Atsakingas vartojimas ir gamyba *);

SDG 13 — Sustainable Development Goal 13 “Climate Action” (liet. darnaus vystymosi
tikslas Nr. 13 ,,Susvelninti klimato kaitos poveikj “);

SDG 14 — Sustainable Development Goal 14 “Life below Water” (liet. darnaus vystymosi
tikslas Nr. 14 ,, Gyvybé vandenyse “);

SDG 15 — Sustainable Development Goal 15 “Life on Land” (liet. darnaus vystymosi
tikslas Nr. 15 ,, Gyvybé zeméje *);

SDG 16 — Sustainable Development Goal 16 “Peace, Justice and Strong Institutions” (liet.
darnaus vystymosi tikslas Nr. 16 ,, Taika ir teisingumas, stiprios institucijos ),

SDG 17 — Sustainable Development Goal 17 “Partnerships for the Goals” (liet. darnaus
vystymosi tikslas Nr. 17 ,, Partnerysté jgyvendinant tikslus *);

SDGs — Sustainable Development Goals (liet. darnaus vystymosi tikslai);
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SE — standard error (liet. standartiné paklaida);

UN — United Nations (liet. Jungtiniy Tauty Organizacija);

UNDP - the United Nations Development Programme (liet. Jungtiniy Tauty vystymo pro-
grama);

UNCDF — United Nations Capital Development Fund (liet. Jungtiniy Tauty kapitalo
plétros fondas);

USD — United States dollar (liet. Jungtiniy Amerikos Valstijy doleris);

WCED — World Commission on Environment and Development (liet. Pasauliné aplinkos
ir vystymosi komisija);
WoS — Web of Science.

Definitions

Digital financial inclusion — the use of digital financial services to advance financial in-
clusion (World Bank, 2025) (liet. Skaitmeniné finansiné jtrauktis — finansinei
jtraukciai didinti skirty skaitmeniniy finansiniy paslaugy teikimas).

External environment — the conditions and events outside the business industry that affect
the way it operates (Combley, 2011) (liet. ISoriné aplinka — uZ verslo sektoriaus
riby esancios sqlygos ir jvykiai, darantys jtakq jo veiklai).

Financial inclusion —the uptake and usage of a range of appropriate financial products and
services by individuals and MSMEs (micro, small, and medium enterprises),
provided in a manner that is accessible and safe to the consumer and sustainable
to the provider (World Bank, 2025) (liet. Finansiné jtrauktis — jvairiy tinkamy
finansiniy produkty ir paslaugy, teikiamy vartotojui prieinamu ir saugiu, o pas-
laugy teikéjy — tvariu biidu, jsisavinimas ir naudojimas tarp fiziniy asmeny ir
MV] (labai mazy, mazy ir vidutiniy jmoniy)).

FinTech (financial technology) — a broad term that encompasses the use of technology to
innovate and transform various aspects of the financial industry; the advances
in technology that have the potential to transform the provision of financial ser-
vices, spurring the development of new business models, applications, pro-
cesses, and products (World Bank, 2025) (liet. Finansy technologijos — plati
sqvoka, apimanti technologijy naudojimg naujovéms diegti ir jvairiems finansy
pramonés aspektams keisti; technologijy pazanga, galinti pakeisti finansiniy
paslaugy teikimgq, skatinanti naujy verslo modeliy, taikomyjy programy, pro-
cesy ir produkty kiirimg).

Sustainable development — the development that meets the needs of the present without
compromising the ability of future generations to meet their own needs (Keeble,
1988) (liet. Darnus vystymasis — vystymasis, kuris tenkina dabarties poreikius
ir nepakenkia ateities karty galimybéms patenkinti savo poreikius. Pasak Vals-
tybines lietuviy kalbos komisijos, skirtinguose kontekstuose Siuo angly kalbos
terminu jvardijamos nelygiavertés sqvokos, todél siilomi lietuviski Sio termino
atitikmenys: darnus vystymas(is), tvarusis vystymas(is). Risinis pazymi-
nys darnus tinkamas tada, kai siekiama pabrézti, kad vystymasis yra suderin-
tas, tvarusis — kai kalbama apie patvary, nenutritkstamq vyksmq. Atsizvelgiant
| kontekstg, angl. ,,sustainable development“ lietuviskai gali biti verdiama
ir darni plétra, tvarioji plétra. Plétra labiau tinka tais atvejais, kai kalbama a-
pie kiekybinius pokycius, plétimg(si), vystymasis — kai norima jvardyti kokybi-
nius pokycius (Valstybiné lietuviy kalbos komisija, n. d.). Todél disertacijos
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kontekste turima omenyje lietuviy kalbos sqvoka tvarioji plétra, kadangi sie-
kiama nenutriakstamo finansy technologijy sektoriaus plétimosi).

Sustainable Development Goals — 17 global goals set by the UN General Assembly in
2015 to be achieved by 2030; each SDG comprises a list of targets and indica-
tors (UNDP, 2024) (Darnaus vystymosi tikslai — 17 visuotiniy tiksly, kuriuos
2015 m. Jungtiniy Tauty Generaliné Asambléja numaté pasiekti iki 2030 m.;
kiekviengq tikslg sudaro uzdaviniy ir rodikliy sqrasas).
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Introduction

Problem Formulation

Over the past 150 years, finance has become one of the most globalised, digital-
ised, and regulated sectors (Arner et al., 2022), with digitalisation driving the rise
of the financial technology (FinTech) industry. Since 2010, and especially after
2018, FinTech has experienced rapid growth, with global investment increasing
from USD 51-74 billion (2014-2017) to USD 238.9 billion in 2021, marked by a
record 7,321 deals (KPMG & CB Insights, 2016; KPMG, 2017-2023). Though
FinTech reached 2% of global financial services revenue and was projected to
reach 7% by 2030 (BCG & QED Investors, 2023), recent economic turbulence
caused investment to drop to USD 95.6 billion and 4,639 deals in 2024 (KPMG,
2025), raising concerns about the industry’s consistency and sustainability.
FinTech’s growth and its potential to advance the UN Sustainable Development
Goals (SDGs) have drawn increasing scholarly interest (Hasan et al., 2024; Jie
etal., 2024; Kishor etal., 2024; Noreen, 2024; Tidjani & Madouri, 2024;
Choudhary et al., 2025; Guermazi, 2025). Despite its benefits, challenges such as
regulatory gaps (Ozili, 2018) and inherent risks (Arner et al., 2022) remain. En-
suring FinTech’s sustainable growth is therefore critical to advancing broader en-
vironmental, social, and economic goals (Purvis et al., 2019); a clear definition
and methodology for assessing its sustainable development are still lacking. The
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2 INTRODUCTION

dissertation, therefore, seeks to address the issue of what theoretical and/or meth-
odological approaches, considering the incoherence of the definition of the sus-
tainable development of the FinTech industry, can be used to clarify the appropri-
ateness of the methods of assessing the sustainable development of the FinTech
industry, the assessment indicators, and the development of the methodology of
assessment.

Relevance of the Dissertation

The relevance of this dissertation is grounded in the global push for financial and
digital financial inclusion, and sustainable economic development — trends in-
creasingly shaped by the rapid growth of the financial technology industry (Frat-
iloiu, 2022; Honecker & Chalmers, 2022; Young & Young, 2022; Yu et al., 2022;
Ozili, 2022; Popescu, 2022; Senyo et al., 2022; Adjasi et al., 2023; Asif et al.,
2023; Ediagbonya & Tioluwani, 2023; Esmaeilpour Moghadam & Karami, 2023;
Faust et al., 2023). However, recent data show that FinTech’s growth has been
inconsistent and highly sensitive to external factors, revealing a lack of coherence
in its development (KPMG, 2025). This underlines the urgent need for a clearly
defined and sustainable FinTech development framework, especially in the con-
text of ongoing global challenges. According to the World Bank (2025), as of
2021, only 76% of the worldwide population held a bank account, and just 10%
of individuals aged 15 and above used mobile money, underscoring the continued
importance of inclusive digital financial services. These services play a crucial
role in reaching underserved populations affordably and sustainably. With the
global effort toward achieving the SDGs now at a midpoint, yet increasingly off
track, the FinTech sector’s projected 7% growth by 2030, reaching an estimated
USD 1.5 trillion or 25% of total global bank valuations (BCG & QED Investors,
2023), underscores the importance of assessing the sustainability of its expansion.
This dissertation addresses this research gap through empirical research con-
ducted in 20122023 across 15 European countries, using 45 indicators related to
FinTech development, the external FinTech environment, and sustainable devel-
opment.

Research Object

The object of the dissertation research is the sustainable development of the
FinTech industry.
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Aim of the Dissertation

The dissertation aims to define the sustainable development of the FinTech indus-
try at the state level and to propose a methodology for its assessment.

Tasks of the Dissertation

To accomplish the aim of the dissertation, the subsequent tasks are delineated:

1. Toexamine the scientific literature regarding the sustainable development
of the FinTech industry, ascertain the scientific problem within this con-
text, and establish the theoretical foundation of the dissertation.

2. To propose a methodology and set of indicators for the quantitative as-
sessment of the sustainable development of the FinTech industry at the
national level.

3. To evaluate the relevance of the proposed methodology for the sustaina-
ble development of the FinTech industry via an empirical investigation in
specific nations.

Research Methodology

The research methods utilised to execute the dissertation tasks included logical
analysis, systematic analysis, comparative analysis, complex analysis, and mod-
elling. The compiled data included scientific databases, official databases from
international organisations, and the latest scientific literature. The empirical re-
search employed the expert evaluation method, specifically a questionnaire sur-
vey, and the simple additive weighting (SAW) method for multi-criteria decision-
making, alongside Spearman’s and Kendall’s correlation coefficients for statisti-
cal data analysis and the Method of Moments Quantile Regression. The research
findings were analysed utilising VOSviewer, Microsoft Excel and R software.

Scientific Novelty of the Dissertation

During the development of this doctoral dissertation, the following notable find-
ings for the field of economics were achieved:
1. The definition of the sustainable development of the FinTech industry
was clarified. It was proposed that sustainable development of the
FinTech industry be defined as the coherent development of the industry
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in a favourable external environment, responding to today's society's dig-
ital financial inclusion needs without compromising the prospects for fu-
ture prosperity.

A methodology is proposed for quantifying the sustainable development
of the FinTech industry at a national level, incorporating FinTech, the
external environment (PEST), the Sustainable Development Goals
(SDGs), and energy consumption.

A set of indicators has been developed for the integrated assessment of the
sustainable development of the FinTech industry, encompassing the follow-
ing categories: FinTech indicators, indicators of the FinTech’s political, eco-
nomic, social, and technological environment, economic, social, and envi-
ronmental sustainability indicators, and energy consumption indicators.

Practical Value of the Research Findings

The dissertation has practical value across three levels: government, business, and
society. The proposed methodology and set of indicators for assessing the sustain-
able development of the FinTech industry at a national level:

1.

Can be easily adapted by national regulators to assess the sustainable de-
velopment of the FinTech industry in any country worldwide, as well as
its strengths and weaknesses.

Can be of use to FinTech companies, as it provides a rational and objec-
tive assessment of the sustainability of FinTech development in a selected
country when planning business development.

Can benefit the public, including FinTech customers and users, as the

development of the FinTech industry promotes the digital financial inclu-
sion of society.

The dissertation contributes to sustainable FinTech growth, digital financial
inclusion, SDG progress, and global economic sustainability.

Defended Statements

The following statements, based on the results, may serve as the official hypoth-
eses to be defended:

1.

Sustainable development of the FinTech industry is defined by two key
drivers: a favourable external environment and digital financial inclusion.
The sustainable development of the FinTech industry should be assessed
at the country level by developing and adapting a set of indicators that
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integrate the political, economic, social, and technological environments
of the FinTech industry.

3. FinTech development, the external FinTech environment, and Sustaina-
ble Development indicators should be integrated into a methodology suit-
able for assessing the sustainable development of the FinTech industry at
the country level.

4. Energy consumption is an essential factor in the context of the sustainable
development of the FinTech industry.

Approval of the Research Findings

This dissertation topic has been the subject of three scientific articles by the author,
one of which is indexed in the Web of Science database, and all of which are in-
dexed in the Scopus database (Pauliukeviciené et al., 2025; Pauliukeviciené &
Stankeviciené, 2024; Pauliukeviciené & Stankeviciené, 2021).

The research findings were disseminated during two presentations at interna-
tional scientific conferences, one of which took place overseas:

— Emerging trends in economics, culture and humanities (etECH2024),
2024, Riga, Latvia;

— 12th International scientific conference “Business and management
20227, 2022, Vilnius, Lithuania.

The results of the research were also presented at four doctoral seminars at
Vilnius Gediminas Technical University (9 September 2024, 23 October 2023, 15
May 2023, and 30 May 2022) and two seminars of other universities abroad (sci-
ence centre, institute) researching a topic close to the dissertation:

— The University of Malta, Faculty of Economics, Management and Ac-
countancy, 2024, Msida, Malta;

— International Colloguium New Scientific-Didactic Challenges in Time of
Turbulence, 2022, Bialystok, Poland.

Structure of the Dissertation

The dissertation is structured as follows: an introduction, three chapters, general
conclusions and recommendations for future research, references, a list of the au-
thor’s publications, and a summary of the dissertation in Lithuanian.

The dissertation comprises 150 pages, 27 figures, 47 tables, 17 numbered
formulas, and 220 references.






Theoretical Aspects of the
Assessment of the Sustainable
Development of the Financial
Technology Industry

The First Chapter provides a comprehensive analysis of the dissertation topic’s
elements, including an analysis of the definition of financial technology and its
industry’s expansion, an analysis of the external environment factors in the finan-
cial technology industry and identification of growth drivers, a discussion on sus-
tainable development and its assessment methodologies, an exploration of the in-
terconnections between the FinTech industry’s environment and sustainable
development, and an analysis of its relationship with the UN Sustainable Devel-
opment Goals (SDGs). Consequently, this chapter delineates two primary conclu-
sions, highlighting the absence of a unified definition for the sustainable develop-
ment of the FinTech industry and revealing the lack of an assessment tool for the
sustainable growth of the financial technology industry. The First Chapter also
introduces the theoretical framework for assessing sustainable development
within the financial technology industry and concludes by articulating the aim and
main tasks of the current research. On the topic of this chapter, one publication
was published (Pauliukevi¢iené & Stankevi¢iené, 2024).
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1.1. Definition of the Financial Technology Industry

To delineate the sustainable evolution of FinTech, it is imperative to first attain a
comprehensive understanding of the concepts of FinTech and the industry itself,
alongside grasping the notion of sustainable development within the context of
this specific industry.

The term “FinTech” amalgamates “finance” and “technology”, first appear-
ing in scholarly literature in 1972. In an academic article, Abraham Leon Bettinger,
vice president of Manufacturers Hanover Trust, elucidated models for analysing
and resolving daily challenges within the organisation and proposed the following
definition for FinTech: “an acronym that stands for financial technology, combin-
ing bank expertise with modern management science techniques and the computer”
(Bettinger, 1972). Despite 50 years of increasing interest in FinTech, a consensus
on its definition remains elusive among scholars and practitioners, as do the the-
oretical foundations of this domain (Milian et al., 2019).

Research conducted by Schueffel (2016) analysed over 200 sources in the
scientific literature spanning 40 years. It concluded that, as of 2016, there re-
mained no universal consensus on the definition of “FinTech”. Consequently, the
subsequent definition of “FinTech” was suggested based on this analysis:
“FinTech is an emerging financial sector that utilises technology to enhance fi-
nancial operations” (Schueffel, 2016). Gomber (2017) provides a succinct defini-
tion of FinTech as “a neologism derived from the terms “financial” and “technol-
ogy”, which generally refers to the integration of contemporary, predominantly
Internet-based technologies (e.g., cloud computing, mobile Internet) with tradi-
tional business operations within the financial services sector (e.g., money lending,
transaction banking)” (Gomber, 2017). Additional investigation into the definition
of FinTech uncovers diverse viewpoints. One perspective defines it as “non- or
inadequately regulated enterprises seeking to create innovative, technology-
driven financial services with an enhanced design that will revolutionise existing
financial practices” (Varga, 2017). Another viewpoint regards it as “a cross-dis-
ciplinary subject that integrates finance, technology management, and innovation
management” (Leong & Sung, 2018).

The recent scientific literature on the definition of FinTech indicates that the
overall definition is consistent and mainly grounded in two principal criteria. First,
new and innovative technologies are applied to the financial services sector. Sec-
ond, new business models, applications, processes, or products are developed
based on new and innovative technologies (Rupeika-Apoga & Thalassinos, 2020).
The most recent scientific literature defines FinTech as “a set of innovations and
an economic sector that focuses on applying recently developed digital technolo-
gies to financial services” (Wojcik, 2021).
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Table 1.1. Definitions of the term “FinTech” in scientific literature in chronological or-
der (made by the author)

The Author / Definition of FinTech

Source

Schueffel, 2016 “FinTech is a new financial industry that applies technology to
improve financial activities”.

Gomber, 2017 “FinTech is the connection of modern Internet-related technol-

ogies with established business activities of the financial ser-
vices industry”.

Varga, 2017 “FinTech is non- or not fully regulated ventures aiming to de-
velop novel, technology-enabled financial services with a
value-added design that will transform current financial prac-

tices”.
Leong & Sung, “FinTech is a cross-disciplinary subject that combines finance,
2018 technology management and innovation management”.
Milian et al., 2019 “FinTech — innovative companies active in the financial indus-

try making use of the availability of communication, the ubig-
uity of the internet, and the automated processing of infor-
mation”.

Rupeika-Apoga & “FinTech is the development of new business models, applica-
Thalassinos, 2020 tions, processes or products based on new/innovative technol-
ogies”.

Woijcik, 2021 “FinTech is a set of innovations and an economic sector that
focuses on applying recently developed digital technologies to
financial services”.

Siddiqui & Rivera, | “FinTech is a company that uses technology to provide finan-
2022 cial solutions using the Internet and automated information
processing”.

Cheng & Qu, 2023 | “FinTech is at its core a technological revolution and therefore
its definition should start with technology; we define FinTech
as the application of emerging technologies in the financial in-
dustry, which includes not only the financial products derived
from these technologies but also the management innovations
brought to financial institutions by these technological devel-
opments”.

An examination of the international organisations that regulate FinTech ac-
tivities reveals a paucity of consensus on the definition of FinTech. The European
Commission, in its FinTech Action Plan entitled “A More Competitive and Inno-
vative European Financial Sector”, identifies FinTech as “technology-enabled in-
novation in financial services” (European Commission, 2018). Conversely, the
Financial Stability Board, the international body that coordinates at the global
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level the work of national financial authorities and international standard-setting
bodies to develop and promote the implementation of effective regulatory, super-
visory and other financial policies, identifies FinTech as “a technology-enabled
innovation in financial services that could result in new business models, applica-
tions, processes or products with an associated material effect on the provision of
financial services” (Financial Stability Board [FSB], 2019).

Table 1.2. Definitions of the term “FinTech” by international financial organisations and
leading economic entities’ national legislation, presented in chronological order (made
by the author)

The Author / | Definition of FinTech

Source

10SCO, “A variety of innovative business models and emerging technologies
2017 that have the potential to transform the financial services industry”.
European “Technology-enabled innovation in financial services”.

Commis-

sion, 2018

IMF, 2018 “The advances in technology that can transform the provision of finan-
cial services, spurring the development of new business models, appli-
cations, processes, and products”.

OECD, 2018 | “Innovative applications of digital technology for financial services”.
“FinTech involves not only the application of new digital technologies
to financial services but also the development of business models and
products which rely on these technologies and more generally on digi-
tal platforms and processes”.

FSB, 2019 “A technology-enabled innovation in financial services that could re-
sult in new business models, applications, processes, or products with
an associated material effect on the provision of financial services”

World Bank | “Encompassing advances in technology and changes in business mod-
Group, 2020 | els that have the potential to transform the provision of financial ser-
vices through the development of innovative instruments, channels and
systems”.

“A set of activities contributing to the provision of financial services
facilitated predominantly by entities emerging from outside the tradi-
tional finance system”.

The Basel Committee on Banking Supervision (BCBS) utilises the Financial
Stability Board’s (FSB) definition of FinTech (BIS, 2018). The BCBS contends
that regulatory bodies in various nations have not explicitly defined FinTech,
partly due to existing definitions, such as those from the FSB, and partly due to
the premature nature of characterising a swiftly evolving phenomenon. Those who
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define FinTech characterise it as a company that offers innovative services, a
novel business model, or a new technology start-up in the financial industry
(Rupeika-Apoka & Thalassinos, 2020).

The Oxford English Dictionary (n.d.) defines FinTech as “digital and online
technology used to support banking and other financial activities such as invest-
ment services”. The Oxford Advanced Learner’s Dictionary (n.d.) defines
FinTech as “computer programs and other technology used to provide banking
and financial services”. The Merriam-Webster English dictionary provides a sim-
ilar definition, stating that FinTech is “products and companies that employ newly
developed digital and online technologies in the banking and financial services
industries” and “a business that uses or creates such technologies” (Merriam-
Webster, n.d.). Conversely, an alternative online English dictionary offers a dif-
ferent definition of FinTech, namely “digital technological innovations utilised
by customers or institutions in the financial services industry” or “a company that
uses or develops digital technological innovations in the financial services indus-
try” (Dictionary, n.d.).

As demonstrated in the preceding definitions of FinTech, it is evident that
there is currently no consensus or universally accepted concept of FinTech. How-
ever, concerning FinTech as an industry sector, the European Commission defines
the FinTech sector as “firms that use technology-based systems either to provide
financial services and products directly or to make the financial system more ef-
ficient” (Karakas & Stamegna, 2019).

To clarify the definition of FinTech and the FinTech industry for this disser-
tation, it is essential to analyse the evolution and development of the FinTech in-
dustry.

1.2. Overview of the Financial Technology Industry
and Its Growth Analysis

The FinTech industry is characterised by continuous development and innovation,
constantly influencing and transforming the traditional financial industry (Mei
et al., 2018). Within the scientific literature, the evolution of the FinTech industry
is measured in stages or eras, the details of which are outlined in Table 1.3.

Evidence suggests that the FinTech industry has evolved in response to
global events and needs (Arner, 2016; Gomber et al., 2018; Giglio, 2021; Barroso
& Laborda, 2022; Cumming et al., 2023; Tsanis & Stouraitis, 2025). The initial
phase of FinTech, designated as “FinTech 1.0”, was characterised by developing
an infrastructure to support globalised financial services and introducing technol-
ogies to bolster the economic system.
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The advent of FinTech 2.0 marked the onset of the online revolution and the
transition to digital banking. The global financial crisis 2008 created the condi-
tions and necessity for FinTech start-ups, thereby addressing the deficiencies of
traditional banking institutions and exerting influence not only on the launch of
FinTech 3.0 but also on the emergence of Open Banking, cryptocurrencies, and
blockchains.

The advent of FinTech 3.5 was precipitated by the underdeveloped status of
banking and financial services, the rapid proliferation of mobile phones in Africa,
the relatively limited investment in technology by traditional Asian developing
banks, public distrust of the public banking system, and increased smartphone use
(Arner et al., 2016). The development of FinTech 3.5 has also been accelerated
by the growing need for and priority of financial inclusion in developing countries,
which began in 2015.

Table 1.3. Evolution of the FinTech industry (source: compiled by the author based on
Arner (2016), Nicoletti (2017), Nicoletti et al. (2017), Lomachynska (2020), Arner et al.
(2021), Giglio (2021))

Era FinTech 1.0 | FinTech2.0 | FinTech3.0 | FinTech3.5 | FinTech 4.0
Period | 1866-1967 | 1967-2008 2008-2015 2010- now 2020- now
Africa,
) i i emerg-
?ae%g \ilﬁ)ba;d/ De S;%bagd/ De Developed ing/develop- | Global
pny P P ing Asia
countries
Pursuing fi- | E-Com-
Key Infrastruc- nancial in- merce: digi-
Ele- ture/com- Banks Start-ups clu- tal finance
ments | munication sion/emergin | and payment
g markets platforms
Develop- .
The first 2008 finan- | ment of gs\s/zaronaraleem
. First transat- | ATM, the cial crisis, large tech- P '
Shift . A : data protec-
. .| lantic tele- first iPhone, mo- | nology com- | . ;
Origin . - tion, and fi-
graph cable | handheld bile money panies nancial reau-
calculator M-Pesa (Alibaba, - g
lation
Tencent)

In the aftermath of the ratification of the Paris Climate Agreement and the
Sustainable Development Goals by the United Nations, and with the advent of the
global 2020 pandemic of the novel coronavirus, which compelled society to adopt
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a more sedentary and closed way of life for a considerable period, electronic com-
merce experienced a period of significant growth. The rapid development of dig-
ital finance and payment platforms has led to the challenge of reconciling Sustain-
able Development Goals, data protection goals and financial regulatory goals,
which is increasingly being described as the beginning of the evolutionary era of
FinTech 4.0.

The transition to FinTech 4.0 is also reflected in the numbers. As demon-
strated in Figure 1.1, the annual number of investment deals in the FinTech sector
exhibited a gradual upward trend from 2018 to 2020, with 4,038 transactions in
2018 and 4,379 transactions in 2020. In 2021, the number of deals increased sig-
nificantly to 7,321 transactions (KPMG, 2023).
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Fig. 1.1. The growth of the FinTech industry (source: compiled by the author based on
KPMG & CB Insights (2016), KPMG (2017, 2018, 2019, 2020, 2021, 2022, 2023, 2024,
2025))

Following the global pandemic of the 2020s, total global investment in finan-
cial technology increased substantially, reaching USD 238.9 billion in 2021
(KPMG, 2023). While this figure is comparatively low, 2022 was the third-best
year for FinTech investment ever recorded and the second-best year for deal vol-
ume. However, in 2023, global investment in FinTech witnessed a decline to a
five-year low of USD 113.7 billion across 4,547 deals, as investors adopted a more
cautious approach, withdrawing from large deals amid concerns over persistently
high interest rates, geopolitical tensions in Ukraine and the Middle East, declining
FinTech valuations, and the challenging exit environment (KPMG, 2024).
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Consequently, the evolution of the FinTech industry is significantly influ-
enced by the prevailing external environment, which, in turn, is shaped by global
political and economic dynamics.

1.3. Overview of the Financial Technology Industry
Environment and Analysis of Growth Drivers

In recent times, considerable global expansion within the FinTech industry has
occurred, with specific countries emerging as leaders due to their favourable en-
vironments. The growing attention of researchers and analysts on this topic high-
lights the significance of the FinTech industry’s advancement and its external en-
vironment. In the preceding decade, the determinants affecting the expansion of
the FinTech sector have emerged as a significant research focus. Factors affecting
industry growth are analysed, and countries and cities are compared across a va-
riety of dimensions (Hieminga et al., 2016; fDi Intelligence, 2019; Frost, 2020;
Boitan & Barbu, 2021; Findexable, 2021; Gauthier et al., 2022; Findexable, 2022;
Wardle & Mainelli, 2025). The European Commission prioritises the advance-
ment of FinTech through the FinTech Action Plan 2018 and the Digital Finance
Strategy 2020, highlighting the need for suitable legislation in conjunction with
the development of digital resilience. It is evident from the numerous strategic
documents and studies, along with their findings, that external environmental fac-
tors play a pivotal role in the development of the FinTech industry. Nonetheless,
one could argue that the existing research lacks integrity and universality, as it
highlights the impact of varying environments and factors, and the suggested in-
dices apply only to a select number of countries. A universal environmental as-
sessment tool for the FinTech industry is necessary, highlighting the primary driv-
ers.

The Global Financial Centres Index (GFCI), a compendium inaugurated in
2007 by Z/Yen and the City of London, provides assessments and rankings of the
world’s primary financial centres. For 18 years, researchers at Z/Yen Partners and
the China Development Institute have been responsible for publishing biannual
reports to monitor the advancement of the world’s premier financial centres. The
GFCI 37 (th edition employs a set of criteria to evaluate financial centres (cities)
on a global scale. These criteria are drawn from the “Areas of Competitiveness”,
encompassing the business environment, human capital, infrastructure, financial
sector development, and reputation. An evaluation of 115 cities was conducted to
assess the extent of their FinTech offerings, with a primary focus on the U.S. and
China (Wardle & Mainelli, 2025).

In 2016, a FinTech Index was developed by scholars from ING Bank’s Eco-
nomics Department for application in low- and middle-income nations worldwide.
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The index was designed to evaluate the necessity for FinTech-driven financial
inclusion, as well as FinTech infrastructure and country-specific factors such as
demographics and governance (Hieminga et al., 2016). This research constituted
the inaugural investigation to establish a foundation for subsequent research on
the significance of the external environment for FinTech development. Neverthe-
less, the authors did not proceed with the matter.

The 2017-2018 period is notable for lacking research on this subject, as
scholars have not introduced any novel FinTech indices or rankings.

In 2019, a consortium of researchers proposed a novel methodology. It es-
tablished a Global FinTech Index (GFI) to identify and rank various nations and
metropolitan areas globally based on the robustness of their FinTech ecosystems
and enterprises. This approach posits that the primary indicators affecting FinTech
development include the number of financial technology firms and ecosystem de-
velopers, the interrelation of company entities within a locale, and the prevailing
business climate (Findexable, 2019). The proposed assessment instrument, alt-
hough innovative, only addresses one aspect of the complex political and eco-
nomic landscape of financial technology advancement.

During that particular period, further contributions from the research com-
munity were proposed as an alternative hierarchical classification of urban centres
on a global scale, emphasising the infrastructure of financial technology, the per-
formance of foreign direct investment, efficiency in terms of cost, potential for
economic impact, innovative capacity, and the extent to which it is appealing to
users. These indicators primarily address the technological and economic land-
scape of the financial technology industry (fDi Intelligence, 2019).

The Global FinTech Ranking was launched in 2020 by Startup Genome, a
leading research and policy advisory organisation dedicated to fostering public-
private partnerships and collaborations with governmental entities to enhance
startup ecosystems. The Global FinTech Ranking assesses FinTech ecosystems
(cities) based on several key performance indicators, including financial perfor-
mance, funding availability, talent attraction and retention, focus on innovation,
and the ecosystem’s legacy (Gauthier et al., 2020).

In 2021, Bucharest University of Economic Studies scholars introduced a
European Union (EU) FinTech Index. This index employed methodological pro-
cedures and variables identical to the ING FinTech Index 2016, emphasising Eu-
ropean Union (EU) nations. The index aimed to evaluate the potential for FinTech
expansion within these countries. It partially encompassed the political, economic,
social, and technological landscape of FinTech development (Boitan & Barbu,
2021).

Over the past decade, various studies have investigated the development of
financial technology (Arner et al., 2015; EY, 2015, 2017, 2019; Nicoletti et al.,
2017; Mention, 2019) and the impact of its external environment (Sahay et al.,
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2020; Goo & Heo, 2020; Frost, 2020), and they have been integrated into the sub-
sequent research of this dissertation.

A chronological analysis of the existing academic research was conducted,
culminating in comparative research of the current instruments and assessment
elements utilised within the FinTech environment. Table 1.4 highlights a notable
research gap: a universal assessment tool for the FinTech industry that can be
tailored to each country is currently lacking. Factors such as the target demo-
graphic, contextual conditions, and metrics constrain current instruments.

Researchers examine various methodologies for strategic analysis to evaluate
the business environment. The predominant structures in scholarly publications
include an analysis of strengths, weaknesses, opportunities, and threats (SWOT
analysis); an assessment of the political, economic, social, and technological fac-
tors that could affect a business now and in the future (PEST analysis); a technique
used to help organisations understand the relationships between different elements
of their business (GRID analysis); identification of company assets and liabilities
(SNW analysis); and External Factors Analysis Summary to organise the external
factors into the generally accepted categories of opportunities and threats (EFAS
form) (Shtal et al., 2018). As Vlados and Chatzinikolaou (2019) argue, methodo-
logical reorientations for an evolutionary approach to the external business envi-
ronment are under consideration. However, PEST analysis is the predominant
method for assessing the external business environment. It serves as a framework
for macro-environmental elements used in the ecological scoping aspect of stra-
tegic management (Gupta, 2013). An exemplary, straightforward illustration of
utilising PEST analysis to capture the FinTech landscape is presented in the Esto-
nian FinTech Report 2019 (Tirmaste et al., 2019). The author proposes an assess-
ment tool for the FinTech industry by conducting a PEST analysis that is applica-
ble and adaptable to any country. Table 1.5 presents the framework of a FinTech
industry environmental assessment tool derived from a PEST analysis of external
environmental indicators pertinent to the FinTech industry. The suggested com-
position was formulated: A compilation of potential indicators for each environ-
ment was established based on the literature review; inter-correlated indicators
were eliminated; data collection was conducted; indicators missing 2020 data
when collected were discarded. The outcome was an evaluative instrument com-
prising four distinct environments, each featuring eight indicators, culminating in
32 indicators, as delineated in Tables 1.5, 1.6, 1.7, and 1.8.
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Table 1.4. A comparative analysis of the instruments and elements used in the assess-

ment of the FinTech environment (made by the author)
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Table 1.5. Composition of the political environment as part of a FinTech industry as-
sessment tool based on PEST analysis (made by the author)

business (P4)

Indicator Indicator explanation
Access to fi- The robustness of credit reporting systems and the efficacy of collateral and
nance (P1) bankruptcy legislation in promoting lending (World Bank, 2020).
Governance ef- | Outcomes of fundamental state sectors and investments, establishing a frame-
ficiency (P2) work for enduring and sustainable wealth creation (SolAbility, 2023).
Government Government expenditure, tax liability, and fiscal well-being (Miller et al.,
size (P3) 2024).
Openness to Degrees of bureaucracy and corruption, production expenses, tax environment

favourability, and governmental transparency (U.S. News & World Report LP,
2023).

Open Markets
(P5)

Freedom of trade, freedom of investment, and financial autonomy (Miller
etal., 2024).

Political global-
isation (P6)

Quantity of international embassies, missions, NGOs, and other organisations,
treaties, and investment partners (KOF Swiss Economic Institute, 2023).

Regulatory en-
vironment for
starting a busi-

Quantity of procedures, duration, expenses, and mandated minimum capital in-
vestment for a small and medium-sized enterprise to commence and officially
function in the economy's largest business city (World Bank, 2020).

ness (P7)
Rule of law Property rights, governmental integrity, and judicial efficacy (Miller et al.,
(P8) 2024).

Table 1.6. Composition of the economic environment as part of a FinTech industry as-
sessment tool based on PEST analysis (made by the author)

FinTech activ-
ity in a country
(E1)

FinTech operations and the advancement of the regional FinTech ecosystem
(Findexable, 2019).

Number of
FinTechs in the
capital (E2)

Number and calibre of enterprises within the ecosystem, regional business cli-
mate (Findexable, 2019).

Economic glob-
alisation (E3)

Degree of financial and trade globalisation (KOF Swiss Economic Institute,
2023).

Inflation rate
(E4)

Annual percentage change in average consumer prices (International Monetary
Fund, 2023).

GDP per capita
(E5)

Contemporary prices, purchasing power parity; international dollars per capita
(International Monetary Fund, 2023).

Natural capital
(ES6)

The existing natural environment encompasses resource availability and the ex-
tent of resource depletion (SolAbility, 2023).
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Real GDP
growth (E7)

Yearly percentage variation (International Monetary Fund, 2023).

Resource effi-
ciency and in-
tensity (E8)

The efficacy of utilising available resources indicates operational competitive-
ness in a resource-constrained environment (SolAbility, 2023).

Table 1.7. Composition of the social environment as part of a FinTech industry assess-
ment tool based on PEST analysis (made by the author)

novation (S2)

Entrepreneur- | Entrepreneurial activity (U.S. News & World Report LP, 2023).

ship (S1)

Intellectual Ability to create wealth and employment through innovation and value-added
capital and in- | industries in global markets (SolAbility, 2023).

Population (S3)

A potentially adequate customer base of millions of individuals for sector de-
velopment (International Monetary Fund, 2023).

Progress of hu-

Life expectancy, health, human knowledge, and standard of living (UNDP,

man develop- | 2024).

ment (S4)

Social capital | Security, liberty, equality, and life satisfaction within a nation (SolAbility,
(S5) 2023).

Social globali- | Degree of interpersonal, informational, and cultural globalisation (KOF Swiss
sation (S6) Economic Institute, 2023).

Talent availa- | Quantity of skilled labour and its sustainability in light of emerging and ageing
bility (S7) workforce trends (ManpowerGroup Talent Solutions, 2020).

Quality of life | Economic stability, family friendliness, income equality, political stability, se-
(S8) curity, affordability, the labour market, and the advancement of public health

and education systems (U.S. News & World Report LP, 2023).

Table 1.8. Composition of the technological environment as part of a FinTech industry
assessment tool based on PEST analysis (made by the author)

Digitalisation
(T1)

Advancement of the digital economy (Chakravorti et al., 2020).

E-Participation
(T2)

Access to information and public services for citizens (United Nations, 2022).

Internet speed
(T3)

Fixed broadband and mobile speeds, measured in Mbps (Speedtest, 2024).
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End of Table 1.8

National cyber | Cybersecurity proficiency, readiness to avert and combat cyber-attacks and of-
security (T4) fences (National Cyber Security Index, 2024).

Network readi- | Utilisation and influence of Information and Communication Technology in
ness (T5) the economy (Portulans Institute, 2023).

Online service |Extent and calibre of digital services (United Nations, 2022).
(T6)

Research and Researchers, total expenditure on research and development, international re-
development search and development firms, and QS university rankings (Dutta et al., 2023).
(T7)

Telecommuni- | Internet users and subscribers of maobile, mobile broadband, and fixed broad-
cation infra- band services (United Nations, 2022).
structure (T8)

1.4. Concept of Sustainable Development

Sustainable development was first articulated 36 years ago by the World Com-
mission on Environment and Development (WCED) in the report “Our Common
Future”, commonly referred to as the Brundtland Report, as the development that
meets the needs of the present without compromising the ability of future gener-
ations to meet their own needs (Keeble, 1988).

In recent years, the importance of this subject has escalated; sustainability
and sustainable development are indisputably among the most prevalent themes
in scientific publications (Portney, 2015; Sachs, 2015; Scoones, 2016; Weitzman,
2017; Tomislav, 2018; Holmberg et al., 2019; Ascher et al., 2020). Despite the
concept introduced in 1988 still informing sustainable development efforts, global
challenges are escalating; the population is expanding while natural resources re-
main finite (Mensah, 2019). Consequently, economic activities inflict environ-
mental harm (Awais et al., 2023). These global issues affect the present and future
economic, social and ecological well-being that make up the three pillars of sus-
tainable development (Basiago, 1998; Pope etal., 2004; Gibson, 2006; Waas
etal., 2011; Moldan et al., 2012; Schoolman et al., 2012; Boyer et al., 2016; Pur-
vis et al., 2019). It jeopardises the realisation of the 2030 Agenda for Sustainable
Development, along with its 17 goals and 169 targets, endorsed in 2015 by UN
member states as a strategic framework for humanity, the environment, and eco-
nomic well-being to enhance global peace and freedom. Agenda 2030 aims to
introduce a set of 17 interconnected global objectives designed as a framework
for attaining a more equitable and sustainable future for all, commonly referred to
as the Sustainable Development Goals (SDGs): No Poverty (SDG 1), Zero Hunger
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(SDG 2), Good Health and Well-Being (SDG 3), Quality Education (SDG 4),
Gender Equality (SDG 5), Clean Water and Sanitation (SDG 6), Affordable and
Clean Energy (SDG 7), Decent Work and Economic Growth (SDG 8), Industry,
Innovation, and Infrastructure (SDG 9), Reducing Inequality (SDG 10), Sustain-
able Cities and Communities (SDG 11), Responsible Consumption and Produc-
tion (SDG 12), Climate Action (SDG 13), Life Below Water (SDG 14), Life On
Land (SDG 15), Peace, Justice, and Strong Institutions (SDG 16), and Partner-
ships for the Goals (SDG 17) (UN General Assembly, 2015).

The academic literature categorises the SDGs into three primary groups:
SDG 6, SDG 13, SDG 14, and SDG 15 pertain to biosphere or environment; SDG
1, SDG 2, SDG 3, SDG 4, SDG 5, SDG 7, SDG 11, and SDG 16 relate to society;
SDG 8, SDG 9, SDG 10, and SDG 12 concern the economy; and SDG 17 is des-
ignated as the overarching goal (Folke et al., 2016; Schoenmaker & Schramade,
2018).

1.5. Links between the Financial Technology Industry
Environment, Sustainable Development, and Its
Goals

FinTech investment continues to grow and diversify, leading to the active explo-
ration of this industry as a research topic by academic and policy communities,
focusing on linking it to sustainable progress and attaining the Sustainable Devel-
opment Goals (SDGs). In 2014, to improve the financial system's effectiveness in
mobilising capital for a green and inclusive economy or sustainable development,
the UN Environment Programme launched the Inquiry on the Design of a Sustain-
able Financial System (The Inquiry) (Castilla-Rubio et al., 2016). For the first
time, the seminal 2015 report unveiled the “quiet revolution” already underway
and its capacity to rejuvenate the financial system’s purpose within the sustainable
development framework. Since its launch, the Inquiry has addressed three key
questions: Under what conditions should measures be implemented to ensure the
financial system prioritises sustainable development? What actions have been im-
plemented and could be more broadly adopted to enhance the alignment of the
financial system with the principles of sustainable development? What can be the
most effective use of these measures? (UN Environment Programme, 2015). In
addressing these enquiries, FinTech is regarded as a principal solution. The In-
quiry published research at the end of 2016 assessing the impact of financial tech-
nology on sustainable development. The report explores the capacity of financial
technology to promote the attainment of the SDGs, highlighting that the evolution
of the finance system is propelled by both sustainable development and financial
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technology, which share the intrinsic capacity to act as catalysts for change and
impact and are conducive to the establishment of innovative, sustainable models
of business (Castilla-Rubio et al., 2016). The concept of a “FinTech for Sustaina-
ble Development” (FT4SD) innovation portfolio is also presented in this report.

The Paris Agreement on climate change, a pivotal global strategic document
from the last decade, was adopted in late 2015 and came into effect in late 2016,
underscoring the significance of financial and technology applications for sustain-
ability (United Nations, 2015).

In 2015, six industry matrices providing industry-specific practical examples
and actionable ideas for SDGs were developed by the UN Global Compact and
KPMG International. The financial services industry has been identified as one of
the six sectors that can contribute to implementing the SDGs. The financial ser-
vices industry matrix indicates that numerous solutions for implementing the
SDGs will incorporate blended finance, novel funding instruments, and the utili-
sation of emerging technologies, collectively referred to as FinTech (UN Global
Compact & KPMG International, 2015).

The European Commission has concentrated on sustainable finance and
FinTech to advance the SDGs within the 2030 Agenda, exemplified by the estab-
lishment of the International Platform on Sustainable Finance in 2018 and the
subsequent strategic papers adopted: The FinTech action plan (2018); action plan
on sustainable finance (2018); the European Green Deal growth strategy (2019),
and its’ investment plan (2020), Digital Finance Package (2020), including a Dig-
ital Finance Strategy and legislative proposals on crypto-assets and digital resili-
ence, for a competitive EU financial sector that gives consumers access to inno-
vative financial products while ensuring consumer protection and economic
stability (European Commission, 2020); and the Sustainable Finance Package
(2021), including the EU Taxonomy Climate Delegated Act, the Corporate Sus-
tainability Reporting Directive and amendments to delegated acts, encouraging
the financial system to support companies on their way to sustainability and to
support existing sustainable companies (European Commission, 2021).

In 2018, the UN Secretary-General established the Taskforce on Digital Fi-
nancing of the SDGs, with a mandate for 2019-2021 to recommend and catalyse
ways to leverage digitalisation to accelerate SDGs financing as part of a broader
roadmap for financing the 2030 Agenda. The Taskforce’s final report set out an
action plan for eight stakeholders, each with a central role to play. FinTech and
global digital platforms play a crucial role in channelling finance towards the
SDGs by developing innovative products and services that meet customer de-
mand, committing to principles for digital finance that align with the SDGs, and
establishing corporate governance mechanisms to operationalise them (Ber-
sudskaya et al., 2020).



1. THEORETICAL ASPECTS OF THE ASSESSMENT OF THE SUSTAINABLE... 23

Research entitled “Sustainable Finance and FinTech in Europe” was pub-
lished in 2019 by the European platform of the UN Environment Financial Centres
for Sustainability (FC4S) in collaboration with Stockholm Green Digital Finance.
As shown in Figure 1.2, this research launched the FC4S Europe FinTech Inno-
vation Workstream at the convergence of finance, sustainability, and technology.
This intersection seeks to assist EU policymakers in understanding the synergies
between sustainable finance and financial technology (UN Environment FC4S,
2019).

Sustainability

Finance Technology

Fig. 1.2. Convergence of sustainability, finance and technology
(source: UN Environment FC4S, 2019)

From a scholarly research standpoint, financial technology facilitates green
finance and sustainable development (Cen & He, 2018) and is essential for an
effective SDG strategy (Arner et al., 2020). It is also an innovative way to mobi-
lise resources for various purposes, including financing sustainable development
(Michael, 2020). The capacity of the financial technology industry to enhance
public savings and investment, channel capital towards SDG-aligned initiatives,
and augment the level of transparency and liability in the financial services indus-
try is essential for achieving the SDGs (Sgro et al., 2019). Financial technology is
regarded as a catalyst for sustainable economic growth, distinguished by its
unique characteristics compared to traditional financial sectors (Ryu et al., 2020).
It is estimated that between three and thirteen per cent (ranging from USD 50 to
USD 150 billion) of the funding needed to attain the SDGs may be derived from
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a “FinTech dividend” (Michael, 2020). Consequently, researchers have begun ex-
amining the convergence between the FinTech industry and the Sustainable De-
velopment Goals by identifying specific SDGs. The 2020 Global Trends Report
on Strengthening the Rules-Based International Order indicates that FinTech
complements several Sustainable Development Goals, notably SDG 1, SDG 5,
SDG 7, SDG 8, SDG 9, and SDG 10 (Sgro et al., 2019). Recent scientific research
on Islamic FinTech’s advancement of SDGs indicates that FinTech companies’
initiatives to enhance financial inclusion through financing underdeveloped sec-
tors, mobilising and allocating social funds, and launching charitable programs
for disadvantaged communities align with the promotion of SDG 1, SDG 2, and
SDG 10 (Hudaefi, 2020). The vice president of BNP Paribas stated that the in-
creasing adoption of Al, 10T, and blockchain, combined with open banking regu-
lations, has led to intensified competition, expedited processes, enhanced automa-
tion, and increased transparency and collaboration. By transforming traditional
financial services, these emerging technologies and FinTech are advancing SDG
9 (Hausemer, 2020).

Future growth must be sustainable and inclusive, as growth is vital to the
viability and vitality of industries and economies (Manyika et al., 2016). Since the
2008 global financial crisis, GDP growth in the advanced G7 countries has aver-
aged 1% per year (IMF, 2021). A similar trend can be observed in emerging econ-
omies (excluding China and India). Here, growth has recently slowed compared
with two decades ago.

Academic research indicates that financial inclusion can facilitate the growth
of the economy as a whole and the attainment of broader developmental objectives
(Nkwede, 2015; Sharma, 2016; Williams et al., 2017; Sulong & Bakar, 2018;
Mushtag & Bruneau, 2019; Ratnawati, 2020; Bayar et al., 2021; Van et al., 2021).
Financial inclusion, which appears as a target in eight of the 17 goals, is promi-
nently recognised as a facilitator of the SDGs. The list comprises SDG 1 “No
Poverty”, SDG 2 “Zero Hunger”, SDG 3 “Good Health and Well-being”, SDG 5
“Gender Equality”, SDG 8 “Decent Work and Economic Growth”, SDG 9 “In-
dustry, Innovation, and Infrastructure”, and SDG 10 “Reduced Inequalities”. SDG
17, “Partnership for the Goals”, implicitly promotes enhanced financial inclusion
by facilitating increased mobilisation of savings for investment and consumption,
thereby stimulating growth (UNCDF, 2022).

Financial technology promotes inclusive finance by providing equitable and
attainable financial services to the impoverished (Cen & He, 2018). Boosting an-
nual economic growth by as much as 2.2 per cent, the digital financial services of
the FinTech industry have emerged as a crucial catalyst for financial inclusion
(IMF, 2021). The findings of the correlative analysis validated a direct relation-
ship between GDP per capita and specific indicators of digitalisation of the bank-
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ing sector, suggesting that the development of FinTech fosters economic expan-
sion by enhancing the GDP produced in the financial industry (Sadigov et al.,
2020). Consequently, the swift advancement of the FinTech industry improves
financial inclusion, intensifies competition, expands employment opportunities,
and fosters sustained economic growth. Furthermore, green finance and environ-
mentally friendly FinTech are significant catalysts for sustainable economic de-
velopment (Cen & He, 2018). Thus, analysing the relationship between financial
technology, green finance, and sustainable development is of both theoretical and
practical significance (Cen & He, 2018). That is why it is imperative to ensure
that FinTech continues to develop sustainably.

The significance of the interconnection between finance, sustainability, and
technology has been underscored by the 2020 global coronavirus outbreak, which
has prompted countries to reassess conventional approaches and rely on technol-
ogy and sustainability (Macchiavello & Siri, 2022). Both governments and global
organisations have begun to recognise the need to leverage the financial technol-
ogy industry to advance financial inclusion (Faust et al., 2023). The World Bank
Group has developed a coherent and holistic approach to helping countries
achieve financial access and responsible financial inclusion, emphasising five in-
terconnected pillars that utilise FinTech policies, strategies, and FinTech-related
data (World Bank, 2022). Other established development agendas and initiatives,
including the Addis Ababa Action Agenda on Financing for Development (2015)
and the Bali FinTech Agenda (2018), acknowledge the significance of sustainable
development and the contribution of FinTech in realising it (United Nations, 2015;
International Monetary Fund, 2018). Moreover, the interplay of elevated interest
rates and expanding market share indicates that consumer demand for FinTech
services will likely rise as technology advances (Buchak et al., 2018). Statistics
shed light on the attitude of governments and policymakers towards financial tech-
nology: global investment in the FinTech sector surged steadily from USD 6 bil-
lion and 445 investment units in 2011 to USD 239 billion and 7321 investment
units in 2021. From 2011 to 2021, global financial inclusion increased by 25%,
from 51% of the adult population (aged 15 and older) with a bank account in 2011
to 76% in 2021 (Fig. 1.3).

Over the past decade, the proliferation of mobile money account holders has
been facilitated by FinTech; by 2021, more than 10% of the global population had
a mobile money account. The swift advancement of the FinTech industry over the
past decade has significantly enhanced global financial inclusion, providing digi-
tal access to bank accounts for billions of adults worldwide. According to Chen
et al. (2023), FinTech for social good represents a significant area of discourse
that transcends mere financial outcomes. Financial technology enhances environ-
mental quality in the short term and over time (Udeagha & Muchapondwa, 2023).
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Nonetheless, significant progress remains: in 2021, merely 64% of the global pop-
ulation aged 15 and above engaged in digital payments, despite 76% possessing
either a bank account or a mobile money account. Furthermore, nearly 86% of the
population owned a mobile phone, and 63% had Internet access in 2021, indicat-
ing substantial growth potential for mobile money accounts, constituting 10% of
the total (World Bank, 2025).
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Report personally using a mobile money service in the past year

Fig. 1.3. Expansion of worldwide financial inclusion from 2011 to 2021
(source: made by the author based on World Bank statistics, 2025)

Recent scholarly literature highlights the direct impact of FinTech on sus-
tainable development and the achievement of the SDGs. Hoang et al. (2022) assert
that the potential of digital applications in the financial sector to overcome signif-
icant obstacles to financing inclusive and sustainable growth is increasingly evi-
dent. FinTech, shaped by business imperatives, affects sustainable development
(Legowo et al., 2020). FinTech can significantly enhance the quality of financial
products, particularly in the realm of sustainable development, and catalyse value
creation. Consequently, FinTech can effectively contribute to achieving the SDGs
(Farahani etal., 2022). A 2022 content analysis of journal articles and other
sources from 2000 to 2022 revealed the significance of development patterns,
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governments, and civil society in advancing financial inclusion through FinTech,
which serves as a mechanism to mitigate climate-related risks and achieve the
SDGs (Mhlanga, 2022). A 2022 bibliometric review and content analysis of 59
articles and 35 journals on the relationship between FinTech and sustainability,
conducted within the Q1 and Q2 quartiles of the Scopus database, highlighted the
need for researchers to undertake studies that enhance understanding of FinTech’s
significant role in promoting sustainable economic development. Additionally, it
identified a gap in the literature concerning the connections between FinTech and
sustainability disclosure practices, deemed an underexplored research domain re-
lated to disclosure practices (Ellili, 2022).

A 2022 bibliometric analysis of 497 articles on FinTech in the Web of Science
(WoS) database up to 2022 indicates that researchers in the FinTech domain are
eager to investigate innovative methods to influence the future of the financial
sector, particularly emphasising green finance and FinTech, as they recognise the
significant role these areas play in mitigating the adverse effects of global climate
change and promoting sustainability (Kwong et al., 2022). Nonetheless, FinTech
presents significant technological and legal challenges that must be resolved to
realise its promises and potential within the sustainable finance sector (Macchia-
vello & Siri, 2022). The sustainable development of the FinTech industry remains
undefined, with ambiguity surrounding its assessment and measurement.

The existing academic and policy literature on regulation identifies a rela-
tionship between FinTech and specific Sustainable Development Goals. As stated
in the 2018 report by the UN Secretary-General’s Special Advocate on the role of
digital finance in achieving the SDGs, digital finance has the potential to improve
educational outcomes (SDG 4) by facilitating the management of educational ex-
penses, enhancing the financial administration of education systems, and reallo-
cating resources for educators, materials, and technologies. Moreover, digital fi-
nance can foster cost-effective business models that generate millions of new jobs
and contribute to global GDP (SDG 8). Thirdly, digital finance facilitates small
enterprises' expansion, innovation and market access, thereby integrating more
individuals into the digital economy (SDG 9). Fourthly, digital payments have
been shown to significantly enhance transaction transparency between govern-
ments and citizens, contributing to SDG 16.

Furthermore, they have been shown to facilitate greater governmental accounta-
bility regarding the utilisation of public funds and augment the financial resources
available for essential public services, investments, and transfers. As posited by Hin-
son et al. (2019), the delivery of mobile financial services has the potential to influ-
ence health positively (SDG 3), employment (SDG 8), education (SDG 4), and pov-
erty reduction (SDG 1) through enhanced productivity. In contrast, Bedoui and
Robbana (2019) argue that digital social finance is crucial in achieving these SDGs.
Specifically, the government’s expenditure on education is reduced through electronic
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payments, with the resulting savings from reduced leakage then being allocated to
teacher remuneration, thereby enhancing productivity and decreasing absenteeism
(SDG 4). The utilisation of electronic payments has been demonstrated to augment
the available savings pool. At the same time, the analysis of substantial data sets re-
ferred to as “big data” has been shown to mitigate risks by providing access to histor-
ical data from lending institutions (SDG 8). Digital finance has been demonstrated to
enhance global entrepreneurship ecosystems by fostering innovative business models,
start-ups and products (SDG 9). Digital finance transparency facilitates enhanced
oversight of corruption (SDG 16). Shipalana (2019) posits that financial inclusion has
been recognised as a facilitator for seven of the 17 SDGs and aids in achieving SDG
8 and SDG 9. Walker (2019) furthermore suggests that legal reform initiatives con-
ducive to the development of FinTech and facilitating fundraising by small businesses
can potentially contribute to the realisation of SDG 8. Finally, Hoang et al. (2022)
summarise that digital finance increasingly demonstrates the capacity to overcome
challenges associated with advancing finance for sustainable development. The exist-
ing scientific literature suggests that FinTech substantially contributes to achieving
the SDGs and serves as a primary catalyst.

Nevertheless, it must confront numerous fundamental challenges for the FinTech
industry to significantly contribute to the transition towards a sustainable global future
(Jones et al., 2017). The FinTech industry, like other sectors, is expected to evolve
and operate within a distinct framework of external macro-environmental factors
characterised by significant dynamism, complexity, and uncertainty (Shtal etal.,
2018). Consequently, it is essential to cultivate an external environment conducive to
FinTech advancement at the national level and evaluate the correlation between the
FinTech PEST environment and attaining the SDGs. Nevertheless, the existing scien-
tific literature exclusively investigates FinTech as a potential financial resource for
achieving the SDGs. Consequently, the identified relationship between FinTech and
SDGs is unduly constrained, necessitating a more expansive research approach.
Therefore, the interrelationships between the FinTech industry and the SDGs require
further exploration through relevant research. Specifically, considering that sustaina-
ble economic development can only be achieved through the sustainable advancement
of all economic sectors and their respective industries, including FinTech.

Moreover, recent academic literature has begun to investigate the intercon-
nections between FinTech and the environment, particularly in the context of en-
ergy consumption (Wuaten, 2023; Afroz & Raghutla, 2024; Iftikhar et al., 2024;
Jie et al., 2024; Kakar et al., 2024; Oben et al., 2024; Uddin et al., 2024). There-
fore, the energy indicator must be integrated into the dissertation research and the
SDGs to assess the sustainable development of the financial technology industry.
To achieve this objective, the empirical research will incorporate SDG 7 on re-
newable energy and energy consumption data from the Eurostat database.
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1.6. Analysis of Research Methods for the
Assessment of the Sustainable Development of the
Financial Technology Industry

Selecting the appropriate research methods is essential to assess the FinTech in-
dustry's sustainable development. Therefore, it is necessary to review the tech-
niques recommended in the scientific literature for assessing sustainable develop-
ment. For this purpose, a search was conducted for sources in scientific literature
that present the results of a systematic analysis of sustainable development assess-
ment methods. As a result, four systematic analysis articles were identified, which
systematised 293 sources for the 54 years from 1967 to 2021. The results of the
analysis of methods for assessing sustainable development in the scientific litera-
ture are presented in Table 1.9.

Table 1.9. Sustainable development assessment methods in scientific literature (made by

the author)
Author Period Number of | Sustainable development assessment
analysed scientific methods
sources
analysed

Ness etal., | 1981-2005 | 89 (1) Integrated index; (2) product-related

2007 life cycle assessment; (3) integrated as-
sessment: conceptual modelling, system
dynamics, multi-criteria analysis, risk anal-
ysis, uncertainty analysis, vulnerability
analysis, cost-benefit analysis, and impact
assessment.

De Ridder | 1967-2006 | 58 (1) Rating systems; (2) participation tools;

etal., 2007 (3) scripting tools; (4) sustainability ac-
counting tools; (5) physical analysis tools
and indicator suites; (6) modelling tools;
(7) multi-criteria decision analysis.

Bueno 1980-2015 | 108 (1) Multi-criteria decision analysis; (2) rat-

etal., 2015 ing system; (3) life cycle assessment; (4)
frameworks, models and guidelines.

Saulick 2000-2021 | 38 (1) Application of established guidelines;

etal., 2023 (2) normative framework; (3) management
system; (4) index system; and (5)
rank/ranking system.
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Based on the data presented in Table 1.9, it can be concluded that methods
such as multi-criteria decision analysis, ranking systems, and integrated indices
are preferred in the scientific literature for assessing sustainable development.
However, in this case, including FinTech as a key factor is essential. A search in
Scopus was conducted on 23 February 2024, utilising the keywords “FinTech”,
“sustainable”, “development”, and “method” in English-language articles, encom-
passing two data volumes: all fields and the article title, abstract, and keywords.
In both instances, the domain was confined to “Economics, Econometrics, and
Finance”, accounting for 48% of all subject areas associated with the chosen key-
words. The earliest article dates back to 2017, indicating that the search was not
confined to a narrower timeframe. The extensive bibliographic search yielded
1,270 results from 2017 to 2024, whereas the more focused search produced 37
findings from 2020 to 2024.

The WoS Core Collection search was conducted on the same date, employing
identical keywords, language, and data volume. This time, the search area was
confined to “Economics”, “Business Finance”, and “Social Sciences—Mathemati-
cal Methods”, encompassing 29% of all subject areas related to the selected key-
words. The earliest article on this topic was published in 2020. The extensive bib-
liographic search produced 21 results from 2020 to 2024, whereas the focused
search generated 18 results within the same timeframe. The search results were
analysed utilising VOSviewer software. A keyword co-occurrence analysis as-
sessed the selected keywords' co-occurrence and the links' overall strength. 1,270
Scopus articles were downloaded and uploaded to VOSviewer using the complete
count method, whereby each co-occurrence link is assigned equal weight (Van
Eck & Waltman, 2012). The selected threshold for the minimum frequency of a
keyword was 30. Consequently, of the 5,109 keywords, 35 satisfied the threshold
criteria. The cumulative strength of co-occurrence links with other keywords was
computed for each of these keywords. Consequently, 35 keywords exhibiting the
highest cumulative link strength were chosen. The identical procedure was reiter-
ated for the WoS data. Nevertheless, their findings are excluded as they do not
present any novel information.

Figure 1.4 illustrates a network visualisation of the co-occurrence analysis of
the keywords “FinTech”, “sustainable development”, and “method” in Scopus,
generated using VOSviewer software. Three clusters of keywords have been iden-
tified: the largest encompasses sustainable development, with 26 keywords; the
second, smaller cluster pertains to the FinTech industry, with six keywords; and
the smallest cluster relates to financial markets and trade, with three keywords.
Notwithstanding the varying cluster sizes, the interconnections between sustaina-
ble development and FinTech are apparent when evaluating the quantity of links.
Both “FinTech” and “sustainable development” are equally significant keywords
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in academic literature, while “financial inclusion” and “economic growth”
demonstrate the most important relevance.

financial d@velopment
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Fig. 1.4. Network visualisation of the co-occurrence analysis of the keywords

“FinTech”, “sustainable development”, and “method” in Scopus (Source: compiled by
the author utilising Scopus data through VOSviewer software, 2024)

This research identifies five methods closely related to FinTech and sustain-
able development through co-occurrence analysis, as illustrated in Figures 1.4 and
1.5 and detailed in Table 1.10. The aim is to ascertain the most appropriate ap-
proaches for analysing the interconnections between FinTech and sustainable de-
velopment and to define the sustainable development of the FinTech industry.

The predominant methods identified in the scientific literature are “regres-
sion analysis” and “economic analysis”. Nonetheless, it is crucial to assess the
novelty factor at this juncture. Consequently, the overlay visualisation of the co-
occurrence analysis of the keywords “FinTech”, “sustainable development”, and
“method” by year in Scopus was executed utilising VOSviewer.
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Table 1.10. Research methods derived from a Scopus bibliometric analysis utilising the
keywords “FinTech,” “sustainable development,” and “method” (Source: compiled by
the author based on Scopus data employing VOSviewer software, 2024)

No Keyword Occur- No Keyword Total link
" | (research method) rences " | (research method) strength
1. Regression analysis | 44 1. Economic analysis 294
2. Economic analysis 38 2. Regression analysis 291
3. Quantile regression | 36 3. Method of moments 252
4, Method of moments | 35 4. Quantile regression 213
5. Empirical analysis 31 5. Empirical analysis 177
financial development
empiricabanalysis > :
financial technology quaniiieygeression
method ofimoments economic analysis
financial market economic and social effects
economic development \
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Fig. 1.5. Overlay visualisation depicting the co-occurrence analysis of the keywords
“FinTech”, “sustainable development”, and “method” by year in Scopus (Source: com-
piled by the author utilising Scopus data through VOSviewer, 2024)

As demonstrated in Figure 1.5, the “method of moments” and “quantile re-
gression” represent the most innovative concepts identified within the scientific
literature. Consequently, a more comprehensive analysis of these keywords as
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methods was conducted. To achieve this objective, the titles, abstracts, and key-
words of 1,270 Scopus articles, selected based on the keywords “FinTech”, “sus-
tainable development”, and “method”, were refined using the keyword “method
of moments”. This search yielded 14 articles published between 2023 and 2024.
A parallel search was subsequently conducted using the keyword “quantile regres-
sion”, yielding 11 articles published between 2023 and 2024, 9 of which corre-
sponded with the findings of the initial search. The analysis of these searches in-
dicated that the “method of moments” and “quantile regression” are identical
novel technigues known as method of moments quantile regression, abbreviated
as MMQR (Lisha et al., 2023; Zhang, 2023; Chen & Liu, 2024; Lin et al., 2024;
Lv et al., 2024; Ren, 2024; Wang et al., 2024; Xia & Liu, 2024; Zeng et al., 2024;
Zhang & Cui, 2024). Two other less predominant methods that have been identi-
fied are the Generalised Method of Moments (GMM) (Kong & Xu, 2023; Taghi-
zadeh-Hesary et al., 2023; Ullah et al., 2023; Zhang, 2023) and Two-stage Least
Squares (2SLS) regression (Kashif et al., 2023; Ullah et al., 2023). It is notewor-
thy that the remaining advanced econometric techniques are employed in the lit-
erature only once, namely: fully modified ordinary least squares (FM-OLS) re-
gression, dynamic ordinary least squares (DOLS) estimation, fixed effects
ordinary least squares (FE-OLS), fixed effects (FE), feasible generalised least
squares (FGLS), cross-quantile correlation, multivariate quantile-on-quantile re-
gression, and sparse quantile models. Web of Science (WoS) employed the same
search methodology, resulting in three articles that matched the search criteria.
However, these articles overlapped with those found in the Scopus search. Thus,
the WoS search did not produce any novel findings. This analysis indicates that
the Method of Moments Quantile Regression is the most appropriate approach for
examining the intersection of FinTech and sustainable development.

MMQR was presented to the scientific community in the Journal of Econo-
metrics in 2019 by researchers Machado and Santos Silva, who examined the con-
ditions under which regression quantiles can be estimated by estimating condi-
tional means. This approach enables the application of methods specifically
designed for estimating conditional means while also providing insights into the
impact of regressors on the entire conditional distribution (Machado & Santos
Silva, 2019). The relevance of its application to the intersection of FinTech and
sustainable development warrants further examination, as detailed in Table 1.11,
which outlines the comprehensive application of MMQR to research. An analysis
of the extant literature reveals that all nine research articles employing MMQR
have been published by the UK-based “Resources Policy” journal. It is, therefore,
evident that the present journal is currently at the vanguard of research regarding
the connections between FinTech, sustainable development and methods.
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Table 1.11. Utilisation of the Method of Moments Quantile Regression to investigate the
relationship between FinTech and sustainable development (Source: compiled by the au-
thor based on Scopus data, 2024)

Year Au- Research Subject Research | Scientific

thors Sample | Journal

2024 | Lin Interconnections among natural resources, | 2000— Resources

etal. FinTech, green technologies, and the sus- | 2020 Policy
tainable environment in E7 countries.

2024 | Ren The role of FinTech, Natural Resources, N/A Resources
Green Growth, and Economic Develop- Policy
ment in promoting Environmental Sus-
tainability.

2024 | Chen The potential impacts of FinTech on the 2001 Resources

& Liu consumption-based material footprint in 2021 Policy
BRICS countries.

2024 | Lv The role of natural resources and green 2000~ Resources

etal. technologies in energy transition and CO2 | 2021 Policy

emissions, critical indicators of sustaina-
ble development, is moderated by FinTech
in resource-rich nations.

2024 | Xia & | The asymmetric impact of FinTech, natu- | 2000 Resources
Liu ral resources, and environmental regula- 2020 Policy
tions on the ecological footprint in G7 na-
tions.
2024 | Zhang | The asymmetric impact of FinTech, regu- | 2001- Resources
& Cui | latory frameworks, and urbanisation on 2020 Policy
natural resource rent in the G10 countries.
2024 | Wang | FinTech and digital commerce's role in 2005- Resources
etal. trade-adjusted resource consumption in E7 | 2020 Policy
nations.
2024 | Zeng The effectiveness of FinTech and sustaina- | 2000— Resources
etal. ble financing in facilitating low-carbon 2021 Policy

energy transitions; the relationship be-
tween these mechanisms and the necessi-
ties of biodiversity and sustainable natural
resource utilisation in the framework of
BRICS economies.

2023 | Lisha The nexus between sustainability, green 2000- Resources
et al. innovations, FinTech, financial develop- 2019 Policy
ment, and natural resources within BRICS
economies.
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Summarising the information presented in Table 1.11, it can be concluded
that all the studies that applied MMQR were conducted to determine one of the
following: role, potential, asymmetric impact, effectiveness, or interlink-
ages/nexus. Therefore, this method could be applied in studies on the sustainable
development of the FinTech industry. However, statistics on indicators from se-
lected countries for the 15- to 21-year period would be required to perform com-
prehensive research using MMQR.

1.7. Framework for Assessing the Sustainable
Development of the Financial Technology Industry

To summarise, the scientific literature analysed in the dissertation’s First Chapter
indicates that the advancement of the FinTech industry is contingent upon favour-
able external environmental factors. Moreover, to delineate the sustainable devel-
opment of the FinTech industry, it is essential to integrate widely recognised sus-
tainability assessment indicators that serve as benchmarks for the SDGs.

It is therefore proposed that the sustainable development of the FinTech in-
dustry be defined as the coherent development of the FinTech industry in a fa-
vourable external environment that meets the digital financial inclusion needs of
today’s society without compromising the prospects for future prosperity. Follow-
ing the definition above, a framework for assessing the sustainable development
of the FinTech industry has been developed and is illustrated in Figure 1.6.

FinTech indicators

FinTech industry FinTech PEST
indicators environment indicators
Assessment of the
Sustainable
Economic SDG Development of the
indicators FinTech industry

Sustainable
Development of the

FinTech industry

Sustainable
Development
indicators Social SDG indicators

Environmental SDG
indicators

Fig. 1.6. Framework for assessing the sustainable development of the FinTech industry
(made by the author)

In particular, the external environment of the FinTech industry should be as-
sessed in terms of its favourability for development.
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Second, the existence of a statistical relationship between the external envi-

ronment of the FinTech industry and the selected SDG indicators should be as-

sessed.
Thirdly, the impact of the SDG indicators on the FinTech industry's sustain-

able development should be assessed.

Finally, the FinTech industry, its external environment, and the SDG indica-

tors should be integrated into a single tool.

1.8. Conclusions of the First Chapter and
Formulation of the Dissertation Tasks

In summary of the literature review, the subsequent conclusions may be derived:

1. A detailed literature analysis has revealed the growth potential of the

FinTech industry, showing that external environmental factors strongly
influence its development.

A comparative analysis of the components of existing FinTech indices
revealed their limitations regarding target group, indicators or environ-
ment. As a result, a framework for analysing the external environment of
the FinTech industry based on PEST analysis is proposed.

The literature review highlighted the significance of the relationship be-
tween the FinTech industry and sustainable development, as the advance-
ment of the FinTech industry has a positive impact on the expansion of
digital financial inclusion. The literature review also revealed that the de-
velopment of the FinTech industry has the most significant connections
with SDG 4, SDG 8, SDG 9, and SDG 16.

An analysis of the scientific literature on sustainable development assess-
ment methods revealed that multi-criteria decision analysis, ranking, and
integrated indices are the preferred approaches in this context. The litera-
ture analysis using VOSviewer revealed that the Method of Moments
Quantile Regression (MMQR) is the most recent approach to explore the
linkages between FinTech and sustainable development.

While the development of the FinTech industry depends on the favoura-
bility of external environmental factors, defining the sustainable develop-
ment of the FinTech industry is crucial. To achieve this, it is essential to
incorporate indicators that assess sustainability, which are generally ac-
cepted as indicators of the Sustainable Development Goals (SDGs).
Therefore, it is proposed that the sustainable development of the FinTech
industry be defined as the coherent development of the FinTech industry
in a favourable external environment, responding to today's society's dig-
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ital financial inclusion needs without compromising the prospects for fu-
ture prosperity. Based on this definition, a framework for assessing the
sustainable development of the FinTech industry has been developed and
is presented in this chapter.

In light of these conclusions, the subsequent objectives are delineated to fulfil
the dissertation’s aim:

1.

To propose a methodology and a set of indicators for the quantitative
assessment of the sustainable development of the FinTech industry at the
national level.

To assess the applicability of the proposed methodology for the sustain-
able development of the FinTech industry through empirical research in
selected countries.






Methodology of the Assessment of
the Sustainable Development of the
Financial Technology Industry

This chapter delineates the assessment of sustainable development within the
FinTech industry, systematically outlining the methods for assessing the external
environment of the FinTech industry, the statistical correlation between this envi-
ronment and the attainment of Sustainable Development Goals, the impact of Sus-
tainable Development Goals indicators on the FinTech industry’s sustainable de-
velopment, and the evaluation of the applicability of the sustainable development
assessment framework for the FinTech industry. On the topic of this chapter, one
publication was published (Pauliukevi¢iené & Stankevi¢iené, 2024).

39
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2.1. Description of the Research Model to Assess the
Sustainable Development of the Financial
Technology Industry

The analysis of the scientific literature in the First Chapter of the dissertation re-
vealed the lack of a methodology to assess the sustainable development of the
FinTech industry.

Therefore, based on the main external and SDG factors that shape the sus-
tainable development of the FinTech industry, as analysed in the scientific litera-
ture, a sequence of empirical studies for the dissertation was developed and pre-
sented in Figure 2.1.

——,

Multi-criteria
assessment of the
external environment | Correlation analysis

for FinTech of the external
development environment of the | Multi-criteria MMQR analysis of \%
FinTech industry and | assessment of the the impact of external
achievement of SDG | impact of selected FinTech environment, Multi-criteria
indicators ShDG “‘d!"agirs on 'SDGs and energy assessment of the
the sustainable consumption on sustainable

development of the

FinTech industry FinTech development

development of the
FinTech industry,
combining FinTech,
external environment,
SDGs and energy
consumption indicators
into one tool

Fig. 2.1. Sequence of empirical studies of the dissertation (made by the author)

The dissertation comprises five empirical studies employing three methods:
three multi-criteria assessments, one statistical assessment, and one applied re-
gression assessment. Accordingly, the execution procedures of the three research
methods selected are presented in the three sub-chapters below.

2.2. Multi-criteria Assessment Method in the Context
of Assessing the Sustainable Development of the
Financial Technology Industry

This sub-chapter introduces the multi-criteria assessment method in assessing the
sustainable development of the FinTech industry, as applied in three out of five
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empirical dissertation studies. Figure 2.2 presents the step-by-step execution pro-
cedure for the multi-criteria assessment method in evaluating the sustainable de-
velopment of the FinTech industry.

A thorough literature analysis informed the selection of indicators for the
multi-criteria evaluation, and the latest relevant and research-suitable data for
these indicators were collected. To ensure data standardisation, the data were ex-
pressed as percentages.

| 1. Selection of indicators based on the results of literature analysis |

!

| 2. Collection and processing of data by standardization and expression in percentages |

I

| 3. Expert assessment by means of a questionnaire |

I

| 4. Determination of significance of indicators |

}

| 5. Calculation of compatibility of expert assessment |

l

| 6. Normalization of indicator values |

l

| 7. Multi-criteria assessment using the Simple Additive Weighting (SAW) method |

l

| 8. Presentation and interpretation of research results |

Fig. 2.2. Step-by-step execution procedure of the multi-criteria assessment method for
assessing the sustainable development of the FinTech industry (made by the author)

As Gedvilaite (2019) argued, expert assessments are frequently employed to
ascertain the significance of indicators. An expert assessment was conducted
through a questionnaire, establishing explicit prerequisites regarding qualifica-
tions and experience for the experts involved in each multi-criteria research.

The number of indicators was considered when grouping indicators across
all three survey templates. Theoretical research and empirical evidence suggest
that experts can reliably evaluate only a finite number of indicators, with a maxi-
mum of 12 (Ginevicius, 2009). Given that the total number of indicators exceeded
12 in all three cases when applying a multi-criteria method, they were linked to
subsystems.
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Kendall’s Coefficient of Concordance (W) was calculated to ensure the reli-
ability of expert evaluation results. This coefficient reflects the degree of compat-
ibility among expert opinions, signifying the consensus among their assess-
ments — the values of Kendall’s Coefficient of Concordance range from 0 to 1.
Values approaching 1 signify unanimous expert assessments, while values nearing
0 indicate substantial variability in expert evaluations. The calculation of the con-
cordance is achieved through the implementation of Kendall’s W coefficient. It is
achieved by ranking each object, as outlined in Formulas 2.1 and 2.2. These for-
mulas are applicable in scenarios where there are no ties present in the rankings
of each expert:

W= —2 (2.1)

n2(m3-m)’

where n — the number of experts and m — is the number of objects to evaluate.

S= ¥, (X0 —7), 2.2)

where S — a sum-of-squares statistic over the row sums of ranks, m;, rij —a sum of
ranks, and ¥ — an average of the sum of ranks.

The average of the experts’ evaluations was computed to determine the im-
portance of the indicators. Subsequently, the weights for the indicators were es-
tablished, and the normalisation of the indicator values was executed. Given that
the indicators are represented in various dimensions, they must be rendered mu-
tually comparable to amalgamate them into a singular summarising metric (using
a multi-criteria approach). It is accomplished by normalising the values of the in-
dicators. The normalisation method is contingent upon the objectives of the multi-
criteria evaluation. Ultimately, to establish the priority sequence of the variants of
the examined phenomenon, the normalisation of the indicator values is executed
using the formula (Ginevicius et al., 2015):

4iy = 5 (2.3)

Yriai’

where g;; —the normalised value of the i indicator of the j variant, g;; — the value

of the i indicator of the j variant, and n — the number of indicators.

Following the standardisation of indicator values, a multi-criteria assessment
method must be selected. There is a paucity of clear recommendations regarding
selecting and implementing a particular method in a given context, and the opti-
mal method remains undetermined. However, in the event of a complex, hierar-
chically structured system of indicators, as in this dissertation, it is deemed appro-
priate to utilise a simpler, less computationally intensive, yet more complex,
multi-criteria evaluation method that does not compromise accuracy. The simple
additive weighting (SAW) method is the most established, recognised, and exten-
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sively utilised approach in multi-criteria assessment. It is attributed to its straight-
forwardness and capacity to evaluate complex phenomena represented by multi-
ple indicators. Consequently, the SAW method was selected and employed as a
multi-criteria decision support tool for expert evaluation in the empirical research
of the dissertation. The values of the examined phenomenon, as per the SAW
method, are computed using the formula (Hwang & Yoon, 1981):

n
K, = Zi_lwiq;j , (2.4)
where K, —the significance of multi-criteria evaluation by the SAW method, w; —
the significance of the i indicator, and g;; — the normalised value of the indicator.

Formula 2.4 stipulates that the values of multi-criteria assessment are derived
by multiplying the significance of the indicators by their normalised values.

The SAW multi-criteria assessment method can be used when all indicators
change in the same direction, for example, when maximised. Therefore, minimis-
ing indicators need to be transformed into maximising ones, and their transfor-
mation into uniform ones is done in the following way (Podvezko, 2011):

min
in the maximising case: rpax = T (2.5)
L rl]
. .. - i Tmax
in the minimising case: = , (2.6)
l Tij

The optimal values of the maximised indicators are the highest, indicating
that the condition of the phenomenon in question improves as the indicator value
increases. In contrast, the ideal values of the indicators to be minimised are the
least. It is because as the indicator’s value increases, the condition of the phenom-
enon deteriorates.

PEST indicators of the FinTech sector
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Fig. 2.3. Proposed set of indicators for the assessment of sustainable development of the
FinTech industry (made by the author)
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The results obtained are presented and interpreted in the following chapter of
the dissertation. Figure 2.3 presents the suggested set of indicators for assessing
the sustainable development of the FinTech industry.

The proposed set of indicators comprises PEST indicators specific to the
FinTech sector and SDG indicators relevant to the FinTech industry. The list of
indicators was obtained after a detailed analysis of the literature in the initial sub-
chapter of this dissertation.

2.3. Correlation Analysis Method in the Context of the
Relationship between the External Environment of
the Financial Technology Industry and Sustainable
Development Goals Indicators

This sub-chapter introduces the correlation analysis method used to assess the
sustainable development of the FinTech industry, as applied in one of the five
empirical dissertation studies. Figure 2.3 presents the step-by-step execution pro-
cedure for the statistical assessment method in evaluating the sustainable devel-
opment of the FinTech industry. This procedure involves assessing the statistical
link between the external environment of the FinTech industry and the achieve-
ment of Sustainable Development Goals.

For this research, data on the progress of achieving the SDGs were collected
(Ziolo et al., 2021). A small sample of data was then used to compare the results
obtained by applying two different correlation calculation methods.

| 1. Collection and processing of data ‘

]

| 2. Calculation of correlation coefficients according to the Spearman's formula |

l

‘ 3. Calculation of correlation coefficients according to the Kendall tau formula |

!

| 4. Determination of the significance of the results according to The Student's formula ‘

i

| 5. Presentation and interpretation of research results ‘

Fig. 2.4. Step-by-step execution procedure of the statistical assessment method in the
context of assessing the sustainable development of the FinTech industry
(made by the author)
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Spearman’s rank correlation coefficient is presented as Formula 2.7:

_ 6. D?
nn2-1)’

re=1 2.7)

where D — the difference between ranks and n — the total number of data pairs.
The Kendall’s tau rank correlation coefficient is expressed as Formula 2.8:

_ Nc—ng
T =m0z’ (2.8)

where nc — the number of concordant pairs, nqg — the number of discordant pairs,
and n — the total number of data pairs.

The Student’s statistical formula was employed to ascertain the significance
of the correlation coefficient, delineated as Formula 2.9:

t=—=Vn-2, (2.9)

1-12

where r — the value of the correlation coefficient and n — the number of data pairs
in the sample.

Kendall’s correlation coefficient is easier to interpret than Spearman’s corre-
lation coefficient (Vencloviené, 2010). It can more accurately estimate the true
correlation in the general population and is, therefore, more generalisable (Field
et al., 2012). It is also more suitable for small samples with repeated values (Field
etal., 2012). In absolute terms, Kendall’s correlation coefficient is slightly lower
than Spearman’s, but the conclusions drawn are equally significant if the coeffi-
cients are used correctly (Cekanavi¢ius & Murauskas, 2008). Both correlation co-
efficients are therefore calculated.

The results were statistically processed using the Microsoft Excel software.

2.4. Regression Analysis in the Context of the
Financial Technology Industry Environment,
Sustainable Development Goals, and Energy
Consumption Impacts on the Financial Technology
Industry Development

This sub-chapter introduces the regression analysis method, the Method of Mo-
ments Quantile Regression (MMQR). The context in which the technique is uti-
lised is the FinTech industry, with particular reference to its environmental and
sustainable development goals (SDGs) and energy consumption impacts on
FinTech industry development. The MMQR is applied in one out of five empirical
dissertation studies.
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The subsequent step-by-step execution of the applied regression analysis
method, in the context of the impact of the FinTech industry’s environment,
SDGs, and energy consumption on FinTech industry development, is presented in
Figure 2.4.

| 1. Defining the moment conditions |

l

| 2. Constructing the moment function |

}

| 3. Computing the sample analog of the moment conditions |

}

| 4. Minimizing the Generalized Method of Moments (GMM) objective function |

i

| 5. Obtaining the quantile regression (MMQR) coefficients |

Fig. 2.5. Step-by-step execution procedure of the Method of Moments Quantile Regres-
sion (MMQR) in the context of the FinTech industry’s environment, SDG and energy
consumption impacts on FinTech industry development (made by the author)

The traditional Quantile Regression (QR) model, initially introduced by
Koenker and Bassett in 1978, can be seen as a generalisation of the Ordinary Least
Squares (OLS) approach in linear regression. While the OLS approach focuses on
estimating the relationship between predictor variables and the mean of the de-
pendent variable, the QR model provides the flexibility to analyse how predictors
are associated with various quantiles of the dependent variable’s distribution.
Mathematically, for a random variable Y, its probability distribution function can
be described as follows (Koenker & Hallock, 2001):

FY)=PY <y) (2.10)
and z quantile of Y can be defined as
Q) = inf{y: F(y) =2 1), (2.11)
where 0 < 1 < 1. Key points of interest include the first quartile Q (0.25), the
median Q (0.5), the third quartile Q (0.75), as well as the first and ninth deciles,
Q (0.1) and Q (0.9). After including the independent variable in the QR model:
Qr(TIX = x) = Brx;. (212)

To estimate the coefficients for the explanatory variables, the following min-
imisation problem must be solved:



2. METHODOLOGY OF THE ASSESSMENT OF THE SUSTAINABLE DEVELOPMENT... 47

E‘r = argmin Z?:l pr(yi - ﬁxi,)v (213)

where p,(u) = u(t — I(u < 0)), u represents the residual, or the difference be-
tween the observed and predicted values, in the context of quantile regression. |
is the indicator function. The function p.(u) assigns different weights to positive
and negative residuals, allowing quantile regression to focus on specific parts of
the conditional distribution of the response variable.

The Method of Moments Quantile Regression (MMQR) methodology is an
extension of traditional quantile regression, leveraging the method of moments
principle for parameter estimation. While standard quantile regression minimises
the quantile loss function, MMQR constructs and solves moment conditions de-
rived from the underlying quantile regression equations. The fundamental princi-
ple of MMQR is to define a set of moment conditions that the quantile regression
coefficients must satisfy. For a given quantile t, the moment conditions are de-
rived from the property of quantiles (Koenker, 2005):

E[Y.(y —xTB(D)) - x| =0, (2.14)

where ¥, (u) = 7 — I(u < 0) is the function of the quantile loss and x T the trans-
pose of the vector of explanatory variables x.

The estimation process involves solving the moment conditions for the pa-
rameter f(z). It is achieved through the Generalised Method of Moments (GMM).
The steps involved are as follows (Greene, 2018):

1. Moment Function Construction:

9@ @) =@ -1y —xTB(x) <0)-x. (2.15)
2. Computation of the sample analogue of the moment conditions:
9(B@) ==3r, (1= 1y — 2/ p() < 0)) - x:. (2.16)
3. GMM Estimation — solution for f(z) by minimising the GMM objective
function:
JB@) = gB@)WIB[®), (2.17)

where W is a positive-definite weighting matrix — the inverse of the covariance
matrix of §g(B(7)).

The thesis applies the latest version of the MMQR calculations for different
quartiles (0.05, 0.25, 0.50, 0.75, and 0.95) as pairwise regression (Machado &
Silva, 2019), as the aim is to assess the impact of each index or indicator on
FinTech separately. The results were statistically processed using Microsoft Excel
and R software.
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2.5. Data Description and Sources

The annual panel data of 15 European countries across four geographic European
regions (United Nations, 1999) for 12 years was selected, spanning from 2012 to
2023: Eastern Europe (Poland), Northern Europe (Denmark, Estonia, Finland,
Latvia, Lithuania, Sweden, and the UK), Southern Europe (Italy, Portugal, and
Spain), and Western Europe (Austria, France, Germany, and the Netherlands). All
the countries selected reflect the three key financial markets: frontier/emerging
small countries with an illiquid stock market consisting of thinly traded shares
(Estonia, Latvia, and Lithuania), an emerging country (Poland) that has some
characteristics of a developed market but does not fully comply with its standards,
and developed countries (Austria, Denmark, Finland, France, Germany, Italy, the
Netherlands, Portugal, Spain, Sweden, and the United Kingdom) with the most
advanced economies and capital markets. The selection of 12 years for the re-
search was based on the FinTech growth trends presented in Figure 1 and the
availability of the indicators included. It is because some indicators or indices re-
lated to technological developments have been recorded or calculated since 2012.

The research was conducted in three stages. Initially, the paired estimates of
the dependent FinTech Index (FIN) and the independent indices (FinTech Exter-
nal Environment Index [PEST], Sustainable Development Index [SDG], and en-
vironmental factors [SDG 7, ENERGY]) were explored through the MMQR. The
descriptions of these variables, along with their corresponding measurement units,
are provided in Tables 2.1, 2.2, and 2.3.

Table 2.1. Variable description (made by the author)

Variables Acronyms | Measurement units Source

PCA Index using mobile cellular sub-
scriptions (per 100 people), individu-
als using the Internet (% of popula- | Self-estimated
FinTech Index |FIN tion), fixed broadband subscriptions | from WorldBank
(per 100 people), domestic creditto |and IMF databases
private sector by banks (% of GDP),
and the Financial Development Index

FinTech Exter-
nal Environ- PEST
ment Index

PCA Index using the measurement | Self-estimated
units from Table 3 from Table 3
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End of Table 2.1

Variables Acronyms | Measurement units Source
Sustainable PCA Index using the SDG 4, SDG 8, fse'f'etﬁmcj"ﬁf‘;[) .
Development |SDG SDG 9, and SDG 16 measurement draot:basz (Sachs
Index units from Table 4 etal., 2024)

PCA Index using two SDG 7 indica-
Sustainable tors: CO2 emissions from fuel com- | Self-estimated
Development SDG 7 bustion per total electricity output from the UN SDG
Goal No. 7 In- (MtCO2/TWh), renewable energy database (Sachs
dex share in total final energy consump- |et al., 2024)

tion (%)
Energy Con- Flnal_energy congumptl_on by com-

) ENERGY |mercial and public services (standard | Eurostat database

sumption - .

international energy product)

The FinTech Index (FIN) comprises five indicators, the FinTech External
Environment Index (PEST) consists of 21 indicators, the Sustainable Develop-
ment Index (SDG) consists of 16 indicators, the Sustainable Development Goal 7
Index (SDG 7) consists of two indicators, and Energy consumption (ENERGY)
utilises one indicator. It is also important to note that the FinTech External Envi-
ronment Index (PEST) comprises indicators of the political, economic, social, and
technological environment, as detailed in Table 2.2.

Table 2.2. PEST variable description (made by the author)

FinTech ex-
ternal envi-
ronment va- | Acronyms | Measurement units Source
riable
components
PCA Index using governance, govern- | Self-estimated
Political en- POL ment size, open markets, political glob- | from GSCI, IEF,
vironment alisation, regulatory efficiency, and and KOF data-
rule of law scores bases
PCA Index using Inflation, GDP defla- .
. . Self-estimated
. tor (annual %), economic globalisa-
Economic en- . . . . from WorldBank,
. ECON tion, natural capital, resource intensity
vironment . - ; . KOF, and GSCI
scores, insurance and financial services
o databases
(% of service imports,
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USD)

End of Table 2.2

FinTech ex-
ternal envi-
ronment va- | Acronyms | Measurement units Source
riable
components

Balance of Payments), and insurance

and financial services (% of service ex-

ports, Balance of Payments)

PCA Index using Population (total),

social capital, intellectual capital, so- | Self-estimated
Social envi- SOC cial globalisation scores, and the la- from WorldBank,
ronment bour force with advanced education (% | KOF, and GSCI

of total working-age population with | databases

advanced education)

Self-estimated

PCA Index using Network Readiness | from UN E-Gov-
Technologi- Index, E-Government Development In- | ernment Know-
cal environ- | TECH dex, E-Participation Index, and high- | ledgebase, Por-
ment technology exports (current billion tulans Institute

database, World-
Bank databank

Meanwhile, the Sustainable Development Index (SDG) comprises indicators
for the four Sustainable Development Goals on FinTech development, as outlined
in Table 2.3. The second sub-chapter of the research examined the changes in the
paired estimates of the FinTech Index and the SDG Index components (SDG 4,
SDG 8, SDG 9, and SDG 16) in the MMQR estimates.

Table 2.3. SDG variable description (made by the author)

SDG variable Acronyms | Measurement units Source
components
PCA Index using tertiary educational
. 0 .
attainment (% of the popu!at!on gged Self-estimated
. 25 to 34), PISA score, variation in
Quality edu- . . from the UN SDG
. SDG 4 mathematics performance explained by
cation : . database (Sachs
socio-economic status (%), and undera- et al., 2024)
chievers in mathematics (% of 15-year- N
olds)
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End of Table 2.3
SDG variable Acronyms | Measurement units Source
components
PCA Index using adjusted GDP growth
(%), adults with an account at a bank
or other financial institution or with a Self-estimated
Decent work mobile-money-service provider (% of

from the UN SDG

stitutions

and economic | SDG 8 the population aged 15 or over), em-
. . database (Sachs
growth ployment-to-population ratio (%), and etal., 2024)
youth not in employment, education or N
training (NEET) (% of the population
aged 15 to 24)
PCA Index using Expenditure on re-
search and development (% of GDP), Self-estimated
Industry, in- The Times Higher Education Universi-
. . s from the UN SDG
novation and |SDG 9 ties Ranking: average score of top 3
. S database (Sachs
infrastructure universities, researchers (per 1,000 em-
X L et al., 2024)
ployed population), and triadic patent
families filed (per million population)
A PCA Index using Crime is Effectively | Self-estimated
Peace, JUS“.Ce Controlled, Corruption Perceptions In- |from the UN SDG
and strong in- | SDG 16 .

dex, Press Freedom Index, and timeli-
ness of administrative proceedings

database (Sachs
etal., 2024)

Finally, the third sub-chapter of the research examines the changes in the
MMQR estimates of the paired FinTech Index and SDG 4 Index subcomponents
(specific to SDG 4 indicators) and the paired FinTech Index and SDG 16 Index
subcomponents (specific to SDG 16 indicators).

However, the FinTech Index (FIN) was constructed as a principal component
analysis (PCA) index, and the weights of its components have not yet been estab-
lished in the scientific literature. Two versions of the FinTech Index were em-
ployed for the research to address this: FIN | and FIN I1.

— FIN I Index is constructed when the weights of all five indicators in Ta-
ble 2.1 are proportional.

— The FIN Il Index is constructed when the weights are not proportional
and are determined according to the recurrence of the Index’s sub-indi-
cators in the most recent scientific literature in Table 2.5. The greater the
frequency with which an indicator is cited in scientific literature, the more
significant its assigned weight.
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Table 2.4. Weights of FIN I and FIN 1 Indexes (made by the author)

Indicators
FinTech | Internet users | Mobile cellu- | Fixed Broad Financial de- (I:Drgmfsl;[)l/cthe
Index | (% of the to- | lar subscrip- | Band sub- velopment in- | banking sec-
tal popula- tion (per 100 |scription (per dex (IMF) tor (% of
tion) people) 100 people) GDP)
FIN I 0.200 0.200 0.200 0.200 0.200
FINII |0.333 0.333 0.067 0.167 0.100
Weights

Table 2.5. Main components of the FinTech PCA index in recent academic literature

(made by the author)
Mobile cel- | Fixed . . Domestic
Internet us- Financial .
_ ers (% of lular sub- | Broad Band develop- credit by
Author / Indicator the total scription subscription ment index the banking
population) (per 100 (per 100 (IMF) sector
people) people) (% of GDP)
Chen & Liu
(2024) * * *
Gaoetal. (2024) |+ + +
Liu & Yang
(2024) * * *
Lv et al. (2024) + + +
Razzaq (2024) + + +
Wang et al. (2024) | + + +
Wei etal. (2024) |+ + +
Xia & Liu (2024) |+ + +
Xu et al. (2024) + + +
Zhang & Cui
(2024) * * *

Therefore, FIN | provide a more generalised insight without prioritisa-
tion, and FIN 11 offers a more nuanced understanding, aligning more closely with
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prevailing scientific insights, highlighting the importance of “mobile cellular sub-
scriptions” and “individuals using the Internet” indicators.

The data were collected, organised, processed, and normalised in Microsoft
Excel, and the MMQR calculations were performed using R software for statisti-
cal computing. The graphs were then prepared in Microsoft Excel.

2.6. Conclusions of the Second Chapter

1. Examining the scientific literature in the dissertation’s initial chapter has
revealed two principal issues. There is currently no consensus among sci-
entists on the definition of sustainable development within the FinTech
industry. Secondly, there is a dearth of research assessing the sustainable
development of the FinTech industry, both in the scientific literature and
in practice. In light of these findings, the First Chapter of the dissertation
proposes a definition of sustainable development for the FinTech industry
and a framework for assessing its sustainable development based on this
definition. The subsequent chapter of the dissertation then proposed a
methodology based on this framework for the quantitative assessment of
the sustainable development of the FinTech industry. This methodology
integrates FinTech, the external (PEST) environment of FinTech, the Sus-
tainable Development Goals (SDGs), and energy consumption.

2. Based on the main external environment and sustainable development
factors that shape the sustainable development of the FinTech industry, a
sequence of empirical studies of the dissertation was developed and pre-
sented, consisting of five empirical studies using three different methods:
three multi-criteria assessments, one statistical assessment and one ap-
plied regression analysis. Based on the comprehensive review of scien-
tific literature, the most suitable methods identified are the Simple Addi-
tive Weighting (SAW) multi-criteria decision-making method, Kendall’s
and Spearman’s correlation coefficients, and the Method of Moments
Quantile Regression (MMQR).

3. A set of indicators has been established for the integrated assessment of
the sustainable development of the FinTech industry. The following
groups are included: FinTech indicators, indicators of FinTech’s political,
economic, social, and technological environment, economic, social, and
environmental sustainability indicators and energy consumption.






Assessment of the Sustainable
Development of the Financial
Technology Industry

This chapter employs the author’s methodology to assess the sustainable develop-
ment of the FinTech industry. The chapter uses a multi-criteria assessment of the
external environment’s propensity to facilitate the development of the FinTech
industry, alongside a statistical evaluation of the relationship between the external
environment of the FinTech industry and selected SDG indicators, multi-criteria
assessment of the impact of the selected SDG indicators on the sustainable devel-
opment of the FinTech industry, MMRQ analysis of impact of political, economic,
social, technological, environmental indicators on FinTech development, and
multi-criteria assessment of the sustainable development of the FinTech industry
by combining external indicators of the FinTech industry environment with se-
lected SDG and energy consumption indicators into one tool, an overview of the
current situation of sustainable development of the FinTech industry in selected
countries and recommendations for the future to achieve sustainable further de-
velopment of the FinTech industry at the level of the countries. Three publications
were published on the topic of this chapter (Pauliukevi¢iené & Stankevicieng,
2025; Pauliukeviciené & Stankeviciené, 2022; Pauliukeviciené & Stankeviciené,
2021).

55
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3.1. Multi-criteria Assessment of the External
Environment’s Favourability for the Development of
the Financial Technology Industry

This sub-chapter presents a multi-criteria assessment of the external environ-
ment’s favourability for the development of the FinTech industry, along with its
results.

The practical applicability of the assessment tool for the FinTech industry
environment, as outlined in Table 1.3 of Sub-chapter 1.2, was substantiated
through an analysis of 15 European countries across four distinct regions (UN
Statistics Division, 2019), reflecting the three key financial markets:

1) Eastern Europe: Poland is an emerging country.

2) Northern Europe: Denmark, Finland, Sweden, and the United King-
dom, as developed countries and Estonia, Latvia, and Lithuania, as
frontier countries.

3) Southern Europe: Italy, Portugal, and Spain as developed countries.

4) Western Europe: Austria, France, Germany, and the Netherlands as
developed countries.

Quantitative empirical research was conducted by analysing publicly availa-
ble data on external environmental indicators for these countries from 2020. The
rankings of countries in international assessments were transformed into a per-
centage format, normalised, and displayed in Tables 3.1, 3.2, 3.3, and 3.4 for sub-
sequent calculations.

Table 3.1. Normalised values of FinTech political environment indicators and their sig-
nificance as assessed by experts (made by the author)

Political P1 P2 P3 P4 P5 P6 P7 P8
environment

Austria 0.077 | 0.097 | 0.053 | 0.101 | 0.094 | 0.091 | 0.049 | 0.097
Denmark 0.114 | 0.099 | 0.056 | 0.120 | 0.100 | 0.089 | 0.113 | 0.100
Estonia 0.114 | 0.105 | 0.271 | 0.081 | 0.096 | 0.067 | 0.137 | 0.094
Finland 0.088 | 0.093 | 0.082 | 0.111 | 0.098 | 0.091 | 0.124 | 0.101
France 0.069 | 0.083 | 0.011 | 0.076 | 0.086 | 0.095 | 0.119 | 0.090
Germany 0.114 | 0.103 | 0.130 | 0.097 | 0.089 | 0.094 | 0.051 | 0.090
Italy 0.057 | 0.086 | 0.045 | 0.064 | 0.078 | 0.094 | 0.072 | 0.082
Latvia 0.141 | 0.103 | 0.252 | 0.054 | 0.088 | 0.065 | 0.128 | 0.094
Lithuania 0.114 | 0.092 | 0.347 | 0.069 | 0.085 | 0.067 | 0.122 | 0.088
Netherlands 0.057 | 0.090 | 0.133 | 0.116 | 0.100 | 0.093 | 0.130 | 0.096
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End of Table 3.1

Political P1 P2 P3 P4 P5 P6 P7 P8
environment

Poland 0.123 | 0.102 | 0.204 | 0.071 | 0.090 | 0.084 | 0.048 | 0.074
Portugal 0.057 | 0.099 | 0.106 | 0.088 | 0.078 | 0.090 | 0.099 | 0.086
Spain 0.088 | 0.087 | 0.101 | 0.078 | 0.094 | 0.086 | 0.073 | 0.086
Sweden 0.088 | 0.061 | 0.072 | 0.114 | 0.098 | 0.092 | 0.118 | 0.098

United King- 0.123 | 0.091 | 0.141 | 0.080 | 0.095 | 0.093 | 0.134 | 0.095
dom

Significance of | 0.110 | 0.126 | 0.101 | 0.194 | 0.138 | 0.063 | 0.180 | 0.098
an Indicator

Table 3.2. Normalised values of FinTech economic environment indicators and their im-
portance as assessed by experts (made by the author)

Economic El E2 E3 E4 E5 E6 E7 ES8
environment

Austria 0.076 | 0.063 | 0.096 | 0.077 | 0.098 | 0.116 | 0.088 | 0.059
Denmark 0.086 | 0.082 | 0.098 | 0.100 | 0.099 | 0.119 | 0.152 | 0.129
Estonia 0.105 | 0.089 | 0.099 | 0.104 | 0.084 | 0.177 | 0.126 | 0.063
Finland 0.097 | 0.078 | 0.097 | 0.091 | 0.094 | 0.161 | 0.162 | 0.097
France 0.093 | 0.110 | 0.090 | 0.098 | 0.092 | 0.105 | 0.043 | 0.106
Germany 0.103 | 0.114 | 0.091 | 0.097 | 0.096 | 0.023 | 0.104 | 0.082
Italy 0.078 | 0.087 | 0.080 | 0.105 | 0.087 | 0.050 | 0.036 | 0.091
Latvia 0.030 | 0.052 | 0.092 | 0.092 | 0.080 | 0.172 | 0.103 | 0.123
Lithuania 0.116 | 0.100 | 0.090 | 0.075 | 0.086 | 0.149 | 0.200 | 0.124
Netherlands 0.112 | 0.103 | 0.103 | 0.076 | 0.099 | 0.025 | 0.123 | 0.056
Poland 0.068 | 0.088 | 0.082 | 0.042 | 0.082 | 0.068 | 0.169 | 0.028
Portugal 0.070 | 0.067 | 0.091 | 0.106 | 0.082 | 0.087 | 0.040 | 0.075
Spain 0.099 | 0.097 | 0.087 | 0.111 | 0.084 | 0.077 | 0.021 | 0.077
Sweden 0.110 | 0.096 | 0.097 | 0.086 | 0.095 | 0.175 | 0.144 | 0.127
United King- 0.120 | 0.119 | 0.093 | 0.086 | 0.091 | 0.018 | 0.042 | 0.130
dom

Significance of | 0.171 | 0.151 | 0.143 | 0.110 | 0.136 | 0.085 | 0.091 | 0.113
an Indicator
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Table 3.3. Normalised values of FinTech social environment indicators and their im-
portance as assessed by experts (made by the author)

Social S1 S2 S3 S4 S5 S6 S7 S8
environment

Austria 0.088 | 0.091 | 0.067 | 0.092 | 0.099 | 0.098 | 0.070 | 0.094
Denmark 0.093 | 0.099 | 0.056 | 0.096 | 0.094 | 0.096 | 0.119 | 0.107
Estonia 0.052 | 0.088 | 0.028 | 0.086 | 0.096 | 0.090 | 0.110 | 0.042
Finland 0.090 | 0.096 | 0.055 | 0.096 | 0.100 | 0.094 | 0.105 | 0.097
France 0.091 | 0.091 | 0.115 | 0.088 | 0.089 | 0.093 | 0.065 | 0.086
Germany 0.113 | 0.093 | 0.117 | 0.098 | 0.091 | 0.099 | 0.107 | 0.095
Italy 0.083 | 0.080 | 0.115 | 0.086 | 0.083 | 0.080 | 0.051 | 0.079
Latvia 0.039 | 0.078 | 0.032 | 0.082 | 0.079 | 0.081 | 0.093 | 0.036
Lithuania 0.041 | 0.076 | 0.038 | 0.083 | 0.075 | 0.091 | 0.068 | 0.039
Netherlands 0.099 | 0.092 | 0.085 | 0.097 | 0.095 | 0.093 | 0.123 | 0.101
Poland 0.074 | 0.090 | 0.104 | 0.083 | 0.083 | 0.070 | 0.049 | 0.077
Portugal 0.074 | 0.087 | 0.072 | 0.081 | 0.093 | 0.082 | 0.100 | 0.085
Spain 0.082 | 0.074 | 0.110 | 0.088 | 0.092 | 0.086 | 0.089 | 0.083
Sweden 0.104 | 0.100 | 0.073 | 0.098 | 0.100 | 0.100 | 0.121 | 0.106
United King- 0.108 | 0.098 | 0.116 | 0.095 | 0.078 | 0.102 | 0.124 | 0.092
dom

Significance of | 0.136 | 0.156 | 0.081 | 0.116 | 0.104 | 0.079 | 0.195 | 0.133
an Indicator

Table 3.4. Normalised values of indicators of the FinTech technological environment
and their importance as evaluated by experts (made by the author)

Technological T1 T2 T3 T4 T5 T6 T7 T8
environment

Austria 0.091 | 0.102 | 0.087 | 0.085 | 0.090 | 0.092 | 0.090 | 0.086
Denmark 0.112 | 0.099 | 0.103 | 0.094 | 0.102 | 0.099 | 0.097 | 0.103
Estonia 0.092 | 0.105 | 0.085 | 0.100 | 0.086 | 0.098 | 0.070 | 0.098
Finland 0.113 | 0.098 | 0.092 | 0.096 | 0.099 | 0.098 | 0.096 | 0.096
France 0.086 | 0.094 | 0.098 | 0.096 | 0.091 | 0.090 | 0.094 | 0.092
Germany 0.095 | 0.072 | 0.090 | 0.093 | 0.097 | 0.087 | 0.098 | 0.093
Italy 0.066 | 0.083 | 0.080 | 0.089 | 0.079 | 0.081 | 0.085 | 0.080
Latvia 0.075 | 0.055 | 0.079 | 0.087 | 0.075 | 0.074 | 0.062 | 0.089
Lithuania 0.082 | 0.071 | 0.090 | 0.099 | 0.081 | 0.089 | 0.068 | 0.087
Netherlands 0.109 | 0.101 | 0.099 | 0.093 | 0.101 | 0.095 | 0.095 | 0.100




3. ASSESSMENT OF THE SUSTAINABLE DEVELOPMENT OF THE FINANCIAL... 59

End of Table 3.4

Technological | T1 T2 T3 T4 T5 T6 T7 T8
environment

Poland 0.074 | 0.100 | 0.085 | 0.098 | 0.078 | 0.087 | 0.075 | 0.082
Portugal 0.076 | 0.082 | 0.086 | 0.086 | 0.080 | 0.082 | 0.083 | 0.081
Spain 0.079 | 0.085 | 0.096 | 0.098 | 0.084 | 0.091 | 0.086 | 0.090
Sweden 0.107 | 0.082 | 0.100 | 0.074 | 0.103 | 0.097 | 0.099 | 0.101

United King- 0.101 | 0.102 | 0.084 | 0.090 | 0.096 | 0.096 | 0.096 | 0.097
dom

Significance of | 0.173 | 0.083 | 0.136 | 0.144 | 0.115 | 0.086 | 0.114 | 0.150
an Indicator

The number of indicators was considered when grouping them in the survey
template. Theoretical research and empirical evidence indicate that specialists can
precisely evaluate a maximum of 12 indicators. Since the total number of indica-
tors addressed in the sub-chapter surpasses 12, they were categorised into four
subsystems reflecting distinct external environments. Consequently, experts were
requested to:

1) Evaluate the importance of eight indicators for advancing the FinTech

political landscape in one hundred segments.

2) Evaluate the importance of eight indicators for advancing the FinTech
economic landscape in one hundred segments.

3) Evaluate the importance of eight indicators for advancing the FinTech
social ecosystem in one hundred segments.

4) Evaluate the importance of eight indicators for advancing the FinTech
technological ecosystem in one hundred segments.

5) Evaluate the significance of four subgroups within the FinTech indus-
try’s development, focusing on the evolution of four distinct external
environments in one hundred components.

The importance of the indicators was assessed through expert evaluation, i.e.,

a survey of experts using an e-questionnaire. Eight experts from the business, sci-
ence, and public sectors, each possessing a minimum of five years’ experience in
a senior management role, contributed to the findings of this research. The results
are presented in Tables 3.1, 3.2, 3.3, and 3.4.

Kendall’s Coefficient of Concordance (W) was computed to yield dependa-
ble expert evaluation results, as shown in Table 3.5. The assessment of the exter-
nal environment components indicated a W range of 0.45 to 0.61, signifying a
degree of consensus among experts concerning the political, economic, social, and
technological landscapes of the FinTech industry.
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Table 3.5. Compatibility of Expert Evaluation (made by the author)

Components of the External Environment |Kendall’s Coefficient of Concordance (W)
Political environment 0.58
Economic environment 0.45
Social environment 0.61
Technological environment 0.55
Overall external environment 0.17

However, evaluating the overall external environment (W) yields an outcome
of 0.17, indicating that the consensus among experts is inadequate. The assessed
consistency of the experts’ opinions does not suggest that their evaluations are
exceptional. Consequently, this part of the research should be refined and re-

peated.

In light of the findings of the expert’s evaluation of the importance of the
indicators, the following conclusions can be drawn:

The principal indicators for evaluating the conduciveness of the political
environment for advancing the FinTech industry in the country are busi-
ness openness and the regulatory framework for business initiation. In
contrast, the least consequential indicators are the rule of law and political
globalisation.

The primary indicators for evaluating the conducive economic environ-
ment for the development of the FinTech industry in the country are its
attractiveness and competitiveness as a FinTech nation, along with the
prominence of its leading city as a FinTech hub. The least consequential
indicators are natural capital and real GDP growth.

The primary indicators for evaluating the social environment’s capacity
to foster the FinTech industry's growth in a specific country are talent
availability, intellectual capital, and innovation. Conversely, population
and social globalisation are the least significant indicators.

The foremost indicators for evaluating the technological environment’s
capacity to foster the growth of the FinTech industry in the country are
digitalisation and telecommunication infrastructure, as they serve as the
principal catalysts. Conversely, e-participation and online services
emerge as the least significant indicators.

The most critical environment for evaluating the country’s context re-
garding the advancement of the FinTech industry is technological,
whereas the least critical environment is social.

Each country's performance in various environments was evaluated using a
multi-criteria assessment, specifically the SAW method. The indicators presented
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in Tables 3.1, 3.2, 3.3 and 3.4 were multiplied by their respective weights, as de-
termined by experts, and the resulting values were then summed for each environ-
ment. Table 3.6 presents the findings of an empirical research regarding the exist-
ing values of the FinTech sector environment assessment across 15 countries.

Table 3.6. Results of an empirical research utilising the multi-criteria decision support
method SAW (made by the author)

Research indicates that:

Cn}mtry / Political Economic Social Technological 'Tntal
Environment Environment

Austria ™ 0.082 O  0.083 @ 0.086 @ 0.090 ™ 0.085
Denmark @ 0102 (@ 0104 |@ 0099 @ 0102 |@ 0.102
Estonia @ 0.119 @ 0.102 ™ 0.077 @ 0.091 @® 0.098
Finland @ 0.102 @ 0104 @ 0094 |@ 0.099 @® 0.100
France ™ 0081 (B 0093 | 0087 @ 0092 |P@ 0.08
Germany @ 0093 |p 0092 |@ 0103 |@ 0092 |[@ 0.094
Italy O 0.071 O 0.079 ™ 0.078 O 0.080 O 0.077
Latvia ® 0110 ™ 0.085 O 0.067 O 0.076 ™ 0.085
Lithuania @® 0118 (@ 0113 |© 0064 ™ 0084 |@ 0.095
Netherlands @ 0.105 ™ 0.091 @ 0.101 @ 0.100 ® 0.099
Poland @ 0094 (O 0.077 ™ 0.076 ™ 0084 [™ 0.083
Portugal ™ 0089 (O 0077 | 008 ™ 0082 |™ 0.083
Spain ™ 0.085 ™ 0.085 @ 0.087 @ 0.089 ™ 0.086
Sweden P 00% |@ 0112 |@ 0103 |@ 0.09% |@ o0.101
United Kingdom |@ 0.106 | 0094 @ 0103 |@ 0095 |@ 0.099
Significance ofan | =, 45 0.239 0.215 0.301

Indicator

— Northern Europe presents the most advantageous political climate for ad-
vancing the FinTech industry, with the Baltic States (Estonia, Lithuania,
and Latvia) occupying the top three ranks, followed by the United King-
dom, the Netherlands, Denmark, Finland, and Sweden. The most unfa-
vourable political environment for FinTech development exists in Aus-
tria, France, and Italy.

— Northern Europe presents the most advantageous economic conditions
for advancing the FinTech industry, with Lithuania, Sweden, and Den-
mark at the forefront. Conversely, the Eastern and Southern European
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regions, notably Italy, Poland, and Portugal, are identified as having less
favourable economic conditions for FinTech development.

Table 3.7. Values of the assessment of FinTech political, economic, social and techno-
logical environments, arranged in descending order (made by the author)

Rank Political environment Economic environment

1 Estonia 0.119 Lithuania 0.113
2 Lithuania 0.118 Sweden 0.112
3 Latvia 0.110 Denmark 0.104
4 UK 0.106 Finland 0.104
5 Netherlands 0.105 Estonia 0.102
6 Denmark 0.102 UK 0.094
7 Finland 0.102 France 0.093
8 Sweden 0.096 Germany 0.092
9 Poland 0.094 Netherlands 0.091
10 Germany 0.093 Latvia 0.085
11 Portugal 0.089 Spain 0.085
12 Spain 0.085 Austria 0.083
13 Austria 0.082 Italy 0.079
14 France 0.081 Poland 0.077
15 Italy 0.071 Portugal 0.077
Rank Social environment Technological environment

1 Sweden 0.103 Denmark 0.102
2 UK 0.103 Netherlands 0.100
3 Germany 0.102 Finland 0.099
4 Netherlands 0.101 Sweden 0.096
5 Denmark 0.099 UK 0.095
6 Finland 0.094 Germany 0.092
7 France 0.087 France 0.092
8 Spain 0.087 Estonia 0.091
9 Portugal 0.086 Austria 0.090
10 Austria 0.086 Spain 0.089
11 Italy 0.078 Poland 0.084
12 Estonia 0.077 Lithuania 0.084
13 Poland 0.076 Portugal 0.082
14 Latvia 0.067 Italy 0.080
15 Lithuania 0.064 Latvia 0.076
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— The most conducive social environment for advancing the FinTech in-
dustry is in Northern and Western Europe, with Sweden, the United King-
dom, and Germany occupying the top three positions. The most unfa-
vourable social environment for FinTech development exists in all three
Baltic States and Poland, indicating that the social environment is a sig-

nificant weakness in post-Soviet states.

— The most conducive technological environment for advancing the
FinTech industry is in Northern and Western Europe, particularly Den-
mark, the Netherlands, and Finland. In contrast, the least conducive en-
vironments are in Southern Europe, including Portugal and Italy, as well

as in Poland, Lithuania, and Latvia.

As illustrated in Table 3.8, research indicates that the most conducive PEST
environment for advancing the FinTech industry is in Northern Europe. Denmark,
Sweden, Finland, the Netherlands, the United Kingdom, Estonia, and Lithuania

occupy the top seven positions.

Table 3.8. Values of the overall FinTech PEST environment assessment, arranged in de-

scending order (made by the author)

Rank Total external environment

1 Denmark 0.102
2 Sweden 0.101
3 Finland 0.100
4 Netherlands 0.099
5 UK 0.099
6 Estonia 0.098
7 Lithuania 0.095
8 Germany 0.094
9 France 0.089
10 Spain 0.086
11 Austria 0.086
12 Latvia 0.085
13 Poland 0.083
14 Portugal 0.083
15 Italy 0.077

The most unfavourable PEST environment for FinTech development is in
Eastern and Southern Europe, with Poland, Portugal, and Italy ranking lowest in

the FinTech PEST environment evaluation.
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3.2. Correlation Analysis of the External Environment
of the Financial Technology Industry and
Achievement of Sustainable Development Goals
Indicators

This sub-chapter presents the statistical assessment of the relationship between
the external environment of the FinTech industry and the achievement of SDG
indicators and its results.

To conduct a correlation analysis and elucidate the strength of the relation-
ship between the FinTech PEST environment and the implementation of the Sus-
tainable Development Goals, the statistical data about SDGs presented by Ziolo
et al. (2021) were utilised, wherein the indicators delineating the 17 SDGs were
employed to compute the values of the SDGs. Nonetheless, not all SDGs intersect
with the FinTech industry, as specific goals pertain to third countries and environ-
mental conservation. Consequently, the values of eight SDGs were chosen for
further examination: SDG 1, SDG 3, SDG 4, SDG 8, SDG 9, SDG 11, SDG 16
and SDG 17. The selection of these SDGs is further substantiated by the findings
of the scientific literature analysis presented in the inaugural chapter of the disser-
tation, thereby negating the necessity for expert evaluation in this particular in-
stance. The relationship between four distinct FinTech environments — political,
economic, social, and technological — and the selected SDGs was evaluated using
two calculation methods: Spearman’s and Kendall’s ranking correlation coeffi-
cients, as detailed in Table 3.9. It is worth noting that in specific calculations, the
correlation was found to be statistically insignificant. Consequently, these in-
stances are indicated in the table. In all other calculation cases, the correlation was
determined to be statistically significant at either the 0.01, 0.05, or 0.10 level.

Table 3.9. Spearman’s and Kendall’s correlation coefficients quantifying the strength of
association between FinTech political, economic, social, and technological environments
and SDG scores (made by the author)

SDG 1 SDG 3 SDG 4 SDG 8
PE | r 071* -.393* A411% 393*

p (2-tailed) 800 147 128 147

o N 15 15 15 15
= [EE |~ 404* -.096* 536 561
£ p (2-tailed) 136 732 040 030
g N 15 15 15 15
@ [SE | 404* 632 204* 621
p (2-tailed) 136 011 467 013

N 15 15 15 15
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End of Table 3.9
SDG 1 SDG 3 SDG 4 SDG 8
TE rs 664 439* 586 754
p (2-tailed) .007 101 021 .001
N 15 15 15 15
PE tau .067* -.219* 257* 276*
p (2-tailed) 767 276 198 .166
N 15 15 15 15
EE tau 314* -.048* 467 371
» p (2-tailed) 113 843 018 .060
= N 15 15 15 15
2 |SE tau 276* 524 162* 448
X p (2-tailed) 166 .008 428 .023
N 15 15 15 15
TE tau 448 352 410 543
p (2-tailed) 023 075 .038 .006
N 15 15 15 15
SDG 9 SDG 11 SDG 16 SDG 17
PE rs .079* .000* .386* .389*
p (2-tailed) 781 1 156 151
N 15 15 15 15
. | EE rs 600 154* 604 304
-~ p (2-tailed) .018 .585 017 .079
= N 15 15 15 15
S | SE rs 732 618 514 .304*
;’% p (2-tailed) .002 014 .050 271
N 15 15 15 15
TE rs 804 521 782 529
p (2-tailed) <.001 .046 <.001 .043
N 15 15 15 15
PE tau -.010* .067* 276* 276*
p (2-tailed) 1 767 166 .166
N 15 15 15 15
EE tau 429 .086* 410 333
» p (2-tailed) 029 692 .038 .092
= N 15 15 15 15
g SE tau 543 467 .295* 219*
X p (2-tailed) .006 018 138 276
N 15 15 15 15
TE tau .600 410 619 352
p (2-tailed) .002 .038 .002 075
N 15 15 15 15

* The correlation lacks statistical significance.
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The research results indicated that the highest correlation between the two
indicators, as assessed by Spearman’s and Kendall’s ranking correlation coeffi-
cients, frequently occurred within the technological FinTech environment. Con-
sequently, the technological FinTech landscape is paramount in evaluating the re-
lationship between various FinTech environments and the execution of SDGs.
Table 3.10 presents the allocation of SDGs to various FinTech environments
based on the correlation strength.

Table 3.10. Allocation of SDGs to various FinTech environments based on the strength
of statistically significant correlations (made by the author)

Environment/ | Political Economic | Social Technological

Correlation

metric

Spearman’s - - SDG 3,SDG 11 | SDG 1, SDG 4,
SDG 8, SDG 9,
SDG 16, SDG 17

Kendall’s - SDG 4 SDG 3,SDG 11 | SDG 1, SDG 8,
SDG 9, SDG 16,
SDG 17

The relationship between the overall FinTech PEST environment and SDGs
was evaluated and is displayed in Table 3.11. Based on Spearman’s correlation
coefficient, six of the eight values range from 0.575 to 0.807, indicating a moder-
ate to strong correlation. This suggests that elevated FinTech PEST environment
scores correspond with high SDG scores and vice versa.

Table 3.11. Spearman’s and Kendall’s correlation coefficients quantifying the strength
of association between the FinTech PEST environment and SDGs (made by the author)

Correlation SDG | SDG SDG SDG SDG | SDG SDG | SDG
metric 1 3 4 8 9 11 16 17
Spearman’srs | .575 | .246* .657 .764 739 | .386™ .807 .586
p (2-tailed) .025 376 .008 | <.001 .002 156 < .021
N 15 15 15 15 15 15 .001 15
15

Kendall’stau | .410 | .162* 524 .619 562 | .295* .619 .390
p (2-tailed) .038 428 .008 .002 .004 138 .002 .048
N 15 15 15 15 15 15 15 15

* Correlation is not statistically significant.



3. ASSESSMENT OF THE SUSTAINABLE DEVELOPMENT OF THE FINANCIAL... 67

Kendall’s correlation analysis indicates that four of the eight values range from
0.524 to 0.619, demonstrating a moderate positive correlation, which suggests that
elevated FinTech PEST environment scores are associated with high SDG scores and
vice versa. However, it is essential to note that the correlation was determined to be
statistically insignificant in specific calculations. Consequently, these instances are
indicated in the table. In all other calculation cases, the correlation was determined to
be statistically significant at either the 0.01 or 0.05 levels.

Table 3.12 presents the SDG ranking according to the correlation strength for
both correlation measurement methodologies. This ranking indicates that the
FinTech PEST environment exhibits the most robust statistical correlation with
SDG 16, as it secured the top position in both measurement methodologies. SDG
8 exhibits the second-strongest correlation, while SDG 9 ranks third.

Table 3.12. SDG ranking based on the strength of association between FinTech PEST
environment scores and SDG scores, where the correlation was statistically significant
(made by the author)

SDG rank Spearman’s Kendall’s
1 SDG 16 SDG 16 (tie)
2 SDG 8 SDG 8 (tie)
3 SDG 9 SDG 9
4 SDG 4 SDG 4
5 SDG 17 SDG 1
6 SDG 1 SDG 17
7
8

The results of the correlation research indicate a statistical association be-
tween the FinTech PEST environment and SDG 4, SDG 8, SDG 9, and SDG 16,
with correlation coefficients exceeding 0.5 for both measurement methods. Con-
sequently, it can be asserted that the FinTech PEST environment is interdependent
with SDG 4, SDG 8, SDG 9, and SDG 16, with the strongest correlation observed
between the FinTech PEST environment and SDG 16.

To illustrate the relationship between the FinTech PEST environment and
SDGs 4, 8, 9, and 16 and to visualise the establishment of a conducive environ-
ment for the sustainable development of the FinTech industry, the framework of
the 17 SDGs was modified concerning the biosphere foundation and the secure
operating space for humanity on Earth (Folke et al., 2016). The SDGs were cate-
gorised into economy, society, and biosphere, alongside a framework addressing
sustainable development challenges at various tiers (Schoenmaker, 2017), identi-
fied as economy, society, and environment. Given that SDG 4 and SDG 16 have
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a significant influence on society. At the same time, SDG 8 and SDG 9 predomi-
nantly affect the economy, fostering a conducive environment for the sustainable
development of the FinTech industry, which is fundamentally rooted in societal
aspects—specifically quality education (SDG 4) and peace, justice, and robust
institutions (SDG 16). It is also predicated on the economy: hazardous employ-
ment and economic advancement (SDG 8), alongside industries, innovation, and
infrastructure (SDG 9), as primary influencing factors and drivers.

Favorable Environment
for the Sustainable Development

of FinTech Industry
DECENT WORK AND ECONOMIC GROWTH [[f==hrt INDUSTRIES, INNOVATION AND
Promote inclusive and sustainable ecanamic growth, (NP1 ) INFRASTRUCTURE
employment and decent work for all ‘I' GTOng EGUIIO]]]Y Build resilient infrastructure, promote sustainable

industrialization and foster innovation

QUALITY EDUCATION [FEl [TYCEll PEACE, IUSTICE AND STRONG
Ensure inclusive and equitable quality . . . l'NS]TLIT_[()NS ) .
education and promote lifelong leaming I Inclusive Soc[ely M Promote just, peaceful and inclusive

opportunities for all societies

Sustainable
Development Goals

3. | 5 B 17
HEEE olsl=le

Fig. 3.1. Correlation between the FinTech PEST environment and the four SDGs
(made by the author)

The correlation analysis indicates that society is characterised by inclusivity
and the economy is experiencing expansion, which aligns with the fundamental
principles of the objectives, targets, and indicators of Sustainable Development
Goals 4, 8, 9, and 16. Accordingly, Figure 3.1 depicts the correlation between the
FinTech PEST environment and the aforementioned four SDGs. While the figure
conveys the notion that the 17 SDGs underpin global sustainable development,
the findings of this research illustrate that establishing an inclusive society and a
burgeoning economy is paramount in fostering an enabling external environment
for the sustainable development of FinTech. As such, these elements are excluded
from the overall SDG circle and emphasised. It is posited that an inclusive society
facilitates the development of a growing economy; consequently, society is eluci-
dated as the foundation for economic growth.



3. ASSESSMENT OF THE SUSTAINABLE DEVELOPMENT OF THE FINANCIAL... 69

3.3. Multi-criteria Assessment of the Impact of
Selected Sustainable Development Goals Indicators
on the Sustainable Development of the Financial
Technology Industry

This sub-chapter delineates the multi-criteria evaluation of the impact of specific
Sustainable Development Goal (SDG) indicators on the sustainable development
of the FinTech industry and its outcomes.

Given that empirical research in Sub-chapter 3.2 has established a statistical
correlation between the external (political, economic, social, and technological)
environment of the FinTech industry and SDG 4, SDG 8, SDG 9, and SDG 16,
the indicators of these goals were chosen for additional empirical investigation.

Table 3.13. Composition of indicators for assessing sustainable development within the
FinTech industry (made by the author)

SDG No. | Indicator

1.1 | PISA score

1.2 | Tertiary educational attainment
SDG 4 1.3 | Underachievers in science

1.4 | Variation in science performance explained by socio-economic
status

2.1 | Adjusted GDP growth
2.2 | Adults with an account at a financial institution

SDG 8 - -
2.3 | Employment-to-population ratio
2.4 | Youth not in employment, education or training
3.1 | Expenditure on R&D
3.2 | Gap in Internet access by income
SDG 9 : y

3.3 | Mobile broadband subscriptions
3.4 | The population using the Internet
4.1 | Corruption Perception Index

4.2 | Proportion of the population that feels safe walking alone around
SDG 16 the area they live in

4.3 | Press Freedom Index
4.4 | Property rights

Given that each Sustainable Development Goal encompasses a distinct array
and quantity of indicators, four indicators most relevant to the FinTech industry
were selected from each SDG. This selection process entailed the exclusion of
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irrelevant indicators, those with minimal numerical significance, and indicators
for which values were unavailable for all fifteen countries analysed in the disser-
tation. Table 3.13 displays the definitive composition of sustainable development
assessment indicators concerning the FinTech industry. Data from the Sustainable
Development Report 2022, which is publicly accessible, was collected and par-
tially processed (Sachs et al., 2022); all data were standardised and presented as
percentages.

An expert evaluation was conducted in the spring of 2023. Thirty experts
were consulted, comprising 12 specialists from the business sector, ten from the
scientific community, and eight from the public sector. Following the methodo-
logical principles articulated in classical test theory, the reliability of decisions
correlates with the number of decision-makers through a rapidly declining, non-
linear relationship. Therefore, the evaluations rendered by a limited cohort of 7—
9 experts may possess a reliability comparable to that of a larger assembly, pro-
vided that the standard deviation for the eighth expert remains virtually unchanged
(Libby & Blashfield, 1978). The primary criteria for selecting experts encom-
passed a minimum of ten years of relevant professional experience within the
FinTech industry and a comprehensive understanding of concepts and objectives
related to sustainable development.

Experts were requested to prioritise the indicators corresponding to each of
the four SDGs according to their significance for the sustainable development of
the FinTech industry. Subsequently, they were required to assess the importance
of these indicators on a scale of one hundred. Additionally, experts were assigned
the responsibility of ranking the SDGs according to their relevance to the sustain-
able development of the FinTech sector and appraising the significance of these
SDGs on a scale of one hundred.

Table 3.14 illustrates the significance of sixteen SDG indicators and the cor-
responding Sustainable Development Goals, as evaluated by three expert groups
from the business, public, and scientific sectors, together with their average rank-
ings and hierarchy of importance.

The research findings indicate that among the four selected Sustainable De-
velopment Goals, SDG 9, “Industry, innovation, and infrastructure”, is of utmost
importance for the sustainable development of the FinTech sector, as corroborated
by the survey results obtained from all three expert groups. Concurrently, all three
expert groups evaluated Indicator 3.3, “Mobile broadband subscriptions”, as the
most critical indicator within this Sustainable Development Goal. Indicators 3.4,
“Population using the Internet”, and 3.2, “Gap in Internet access by income”, are
ranked in descending order of significance. Conversely, indicator 3.1, “Expendi-
ture on research and development”, was collectively assessed as the least signifi-
cant among these Sustainable Development Goals. The research findings suggest
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that unrestricted public access to financial technology, or financial inclusion, rep-
resents a paramount factor in the sustainable development of the FinTech industry.
In contrast, gross domestic expenditure on scientific research and experimental
development (R&D) is regarded as having a secondary role.

Table 3.14. Importance of SDG indicators and SDGs, assessed by expert groups, along
with their average and ranking of significance (made by the author)

Group of Significance Weighted | Ranking
Indica- Indicator | Business Public Science Average Order
tors
1.1. 0.288 0.294 0.275 0.286 2
SDG 4 1.2, 0.413 0.400 0.420 0.411 1
1.3. 0.104 0.094 0.080 0.093 4
1.4. 0.196 0.213 0.225 0.211 3
2.1. 0.196 0.200 0.210 0.202 3
SDG 8 2.2. 0.408 0.400 0.430 0.413 1
2.3. 0.292 0.300 0.275 0.289 2
2.4, 0.104 0.100 0.085 0.096 4
3.1. 0.104 0.100 0.125 0.110 4
SDG 9 3.2. 0.196 0.225 0.200 0.207 3
3.3. 0.408 0.381 0.400 0.396 1
3.4. 0.292 0.294 0.275 0.287 2
4.1, 0.196 0.206 0.250 0.217 3
4.2, 0.104 0.094 0.085 0.094 4
Sbel16 3 0.288 | 0300 | 0275 0.288 2
4.4, 0.413 0.400 0.390 0.401 1
SDG4 0.288 0.300 0.275 0.288 2
SDGs SDG8 0.196 0.206 0.225 0.209 3
SDG9 0.413 0.406 0.405 0.408 1
SDG16 0.104 0.088 0.095 0.096 4

According to expert consensus, SDG 4, “Quality education”, is recognised
as the second most vital Sustainable Development Goal for the ongoing growth of
the FinTech industry. Among its indicators, tertiary education attainment among
individuals aged 25 to 34 was identified as the most critical by all three groups of
experts. In that order, indicators pertaining to the capabilities of 15-year-olds, in-
cluding PISA scores, science underachievement, and the influence of socio-eco-
nomic status on science performance, were deemed less significant. The findings
indicate that enhancing the current workforce's skills is more essential for the sus-
tainability of the FinTech sector than preparing future generations.

SDG 8, “Decent work and economic growth™, is ranked third in significance.
All expert groups have identified adult access to financial services, whether
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through banks or mobile money, as the most critical indicator. The employment-
to-population ratio and adjusted GDP growth are subsequent priorities. Notably,
youth not engaged in education, employment, or training (NEET) have been con-
sidered the least relevant. These results emphasise that comprehensive financial
inclusion is essential for the sustainable development of FinTech, whereas mac-
roeconomic performance and youth engagement are deemed secondary.

In contrast, SDG 16, “Peace, justice, and strong institutions”, has been per-
ceived as the least relevant for FinTech development, receiving minimal im-
portance. Nevertheless, within this goal, property rights emerge as the most sig-
nificant indicator, followed by press freedom, the Corruption Perception Index,
and personal safety. It indicates that protecting property and intellectual rights re-
mains a fundamental element for sustainable FinTech advancement, even if
broader institutional issues have less direct impact.

Sustainable
development

Unlimited Educated

public access working-age
to FinTech population

of the FinTech
industry

Fig. 3.2. Primary determinants affecting the sustainable advancement
of the FinTech industry (made by the author)

The research indicates that two key drivers of sustainable FinTech develop-
ment are widespread public access to FinTech through mobile and Internet tech-
nologies and a well-educated working-age population (Fig. 3.2).

Kendall’s Coefficient of Concordance (W) was computed for all three expert
groups to evaluate the significance of the results obtained in the research study.
Table 3.16 illustrates that, in nearly all cases of this research, W is either equal to
1 or closely approximates 1. Kendall’s coefficients of 0.9 or above are typically
regarded as highly concordant (Jayalath, 2019).

Nevertheless, several instances can be identified in which expert opinions
exhibited marginal variation. The business sector expert group demonstrated
slightly divergent views concerning the significance of the Sustainable Develop-
ment Goals (W = 0.703). Conversely, the scientific expert group presented some-
what varied perspectives on the importance of the SDG 9 indicators (W = 0.784).
Notably, since the W value exceeds 0.7, the compatibility of these opinions may
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be regarded as sufficiently favourable (Kunskaja, 2018; Skackauskiené & Svogz-
lys, 2021). Consequently, it can be inferred that the findings of this research are
substantial; therefore, further research conclusions are forthcoming.

Table 3.15. Compatibility of opinions of different expert groups (made by the author)

Group of Indicators Kendall’s Coefficient of Concordance (W)
Business Sector Ex- | Public Sector Expert Scientific Expert

pert Group Group Group
SDG 4 0.969 1.000 0.964
SDG 8 0.954 1.000 0.964
SDG 9 0.969 1.000 0.784
SDG 16 0.969 1.000 0.892
SDGs 0.703 1.000 0.892

A multi-criteria evaluation using the SAW method was conducted to assess
the sustainable development performance of each country within the FinTech sec-
tor in relation to the Sustainable Development Goals. Each indicator value corre-
sponding to the SDGs was expressed as a percentage, normalised, and subse-
quently multiplied by its weight as determined by experts. The resulting figures
were then consolidated within each SDG category. In light of the alignment of
perspectives among business, public, and scientific expert groups, the results are
presented as the averages of evaluations from these three distinct expert cohorts.
The rankings of fifteen European nations across the four specified SDGs, derived
from the average assessment of the three distinct expert groups regarding sustain-
able development within the FinTech industry, are presented in Table 3.16.

Table 3.16. Ranking of 15 European nations concerning the four selected SDGs, derived
from the average evaluation results of three distinct expert groups concerning the sus-
tainable development of the FinTech industry in 2022 (made by the author)

SDG4 SDG8 SDG9 SDG16
UK 0.074 Denmark 0.074 Finland 0.081 | Finland 0.079
Lithuania 0.073 UK 0.072 | Denmark 0.078 | Denmark 0.076
Netherlands | 0.071 Lithuania 0.070 | Poland 0.077 | Netherlands | 0.075
Sweden 0.069 Netherlands | 0.070 Sweden 0.076 | Sweden 0.072
Finland 0.068 Estonia 0.069 Netherlands | 0.073 | Austria 0.072
Estonia 0.068 | Sweden 0.069 | Estonia 0.072 | Estonia 0.068
France 0.068 | Finland 0.069 | Austria 0.070 | Germany 0.067
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End of Table 3.16

SDG4 SDG8 SDG9 SDG16
Spain 0.068 France 0.067 Germany 0.066 UK 0.066
Latvia 0.067 Spain 0.067 Latvia 0.065 Portugal 0.066
Poland 0.066 Poland 0.067 Spain 0.063 France 0.065
Denmark 0.066 Latvia 0.066 France 0.062 Spain 0.063
Austria 0.064 Austria 0.066 UK 0.061 Lithuania 0.061
Portugal 0.064 Portugal 0.065 Lithuania 0.055 Latvia 0.059
Germany 0.060 Germany 0.062 Portugal 0.051 Italy 0.058
Italy 0.056 Italy 0.058 Italy 0.050 Poland 0.054

The research emphasises that the indicators of Sustainable Development
Goal 9, “Industry, innovation, and infrastructure, " are essential for assessing the
sustainable development of FinTech. Finland leads in this domain among the fif-
teen European countries examined, followed by Denmark, Poland, and Sweden.
Finland, Denmark, and Sweden consistently achieved high scores across all four
indicators of SDG 9, whereas Poland distinguished itself for its remarkably high
number of mobile broadband subscriptions. Conversely, Italy exhibited the weak-
est performance in this particular category.

Concerning SDG 4, “Quality Education”, which is recognised as the second
most significant SDG pertaining to FinTech sustainability, the United Kingdom,
Lithuania, the Netherlands, and Sweden distinguished themselves as the leading
performers, particularly concerning tertiary educational attainment within the
working-age demographic. Conversely, Italy was positioned at the lowest rank.

Concerning Sustainable Development Goal 8, titled “Decent Work and Eco-
nomic Growth”, Denmark achieved the highest ranking, followed by the United
Kingdom, Lithuania, and the Netherlands. Denmark and the Netherlands demon-
strated strong performance across all four indicators. The highest adjusted GDP
growth influenced Lithuania’s ranking in 2020, while the United Kingdom was
acknowledged for its solid employment-to-population ratio. Once again, Italy rec-
orded the most unfavourable results.

In the assessment of SDG 16, titled “Peace, justice, and strong institutions”,
Finland, Denmark, and the Netherlands consistently achieved the highest rank-
ings owing to their exemplary performance across all four indicators. Conversely,
Poland and Italy ranked at the lower end of the spectrum, exhibiting low scores
across the board.

To generate a comprehensive ranking of the 15 European countries regarding
FinTech-related sustainable development, the research employed the Simple Ad-
ditive Weighting (SAW) method. Each Sustainable Development Goal (SDG) in-
dicator was assigned a weight based on expert evaluations, as detailed in Table
3.14, and the outcomes were subsequently aggregated. The final performance
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scores and rankings, which are averaged across assessments from business, public,
and academic expert groups, are presented in Table 3.17, providing a definitive
comparison of each nation’s position in fostering the sustainable growth of the
FinTech industry.

Table 3.17. Conclusive outcomes and rankings of 15 European nations regarding the sus-
tainable development of the FinTech industry, derived from the selected SDG indicator
data for this research and the assessment results from various expert groups (made by the
author)

Rank | Country Business Public Science Weighted

Average
1. Finland 0.075 0.074 0.075 0.0747
2. Denmark 0.074 0.073 0.074 0.0737
3 Netherlands 0.073 0.073 0.073 0.0730
' Sweden 0.073 0.073 0.073 0.0730
4. Estonia 0.071 0.071 0.071 0.0710
5. Poland 0.071 0.070 0.070 0.0703
6. Austria 0.067 0.067 0.068 0.0673
7. Latvia 0.066 0.066 0.065 0.0657
8. UK 0.066 0.065 0.065 0.0653
9. France 0.065 0.065 0.065 0.0650
10. Germany 0.064 0.065 0.065 0.0647
11. Lithuania 0.064 0.065 0.064 0.0643
12. Spain 0.062 0.062 0.061 0.0617
13. Portugal 0.058 0.058 0.058 0.0580
14. Italy 0.054 0.054 0.054 0.0540

Upon evaluating the definitive conclusions drawn from the empirical re-
search delineated in this sub-chapter, it is evident that Finland is positioned as the
most advanced nation regarding sustainable development within the FinTech in-
dustry, closely followed by Denmark. The Netherlands and Sweden are tied for
third place, having yielded identical assessment results, while Estonia occupies
the fourth position and Poland the fifth. Conversely, the Southern European na-
tions of Spain, Portugal, and Italy are ranked lowest in evaluating sustainable de-
velopment within the FinTech industry, as the research indicates.
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3.4. Method of Moments Quantile Regression
Analysis of the Impact of External Financial
Technology Environment, Sustainable Development
Goals, and Energy Consumption on the Financial
Technology Development

This sub-chapter presents the results of the quantile regression analysis, which
was executed using the method of moments. The research evaluated both paired
and multiple regressions; however, due to the robustness of the results obtained
from the former, these are presented in this sub-chapter.

The research method was executed in three consecutive phases, with each
phase examining the effects within a specific quantile range (0.05, 0.25, 0.50,
0.75, and 0.95). The resultant data are presented accordingly. The dependent var-
iable is the FinTech PCA index (FIN I and FIN II). In contrast, the independent
variables comprise the PCA indices of the FinTech external environment (PEST),
Sustainable Development Goals 4, 8, 9, and 16 (SDG), Sustainable Development
Goal 7 (SDG 7), and the Final Energy Consumption indicator for the commercial
and public services sector (ENERGY). The disparity in the coefficients indicates
varying effects of the independent variables throughout the distribution of the de-
pendent FinTech variable, which is elaborated upon below.

3.4.1. Pairwise Regression Results on the Impact of the Exter-
nal Environment, Sustainable Development Goals, and Energy
Consumption on Financial Technology Development

As demonstrated in Figure 3.3, the pairwise quantile regression estimates for the
FinTech and PEST, SDG, SDG 7, and ENERGY indices illustrate alterations in
performance when FinTech indicators are assigned equal (FIN 1) or divergent
(FIN 1) weights.

As demonstrated subsequently, while the PEST Index exhibits the lowest
positive coefficients for FIN I and FIN I, it shows a stable and positive influence
on FinTech as quantiles increase, suggesting that the PEST Index has a consist-
ently positive effect.

SDG Index reveals a positive effect that becomes highly significant from the
0.75 quantiles onwards, indicating that higher SDG scores significantly boost
FinTech growth. This observation is further corroborated by the findings of SDG
7, which underscores the pivotal role of affordable and clean energy sources in
catalysing FinTech advancement, as evidenced by its substantial, positive impact
commencing from the 0.25 quantile. The research shows a peak impact at the 0.5
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quantile, which stabilises, reinforcing energy enhancement's central role in driv-
ing FinTech development.

The ENERGY Index shows the most significant changes across quantiles,
exhibiting a pronounced impact on FIN I, which displays a marked increase be-
tween the 0.05 and 0.25 quantiles, reaching a peak before declining after the 0.75
guantiles.
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Fig. 3.3. Changes in the pairwise regression results of FinTech and PEST, SDG, SDG 7,
and ENERGY indexes (made by the author)

In the context of FIN |1, the observed positive increase of ENERGY is char-
acterised by a gradual nature, increasing between the 0.25 and 0.50 quantiles,
reaching a peak at 0.75 and subsequently exhibiting a decline. This finding sug-
gests that while energy consumption positively influences FinTech growth to a
certain extent, excessive consumption has a deleterious effect.

The rising trends observed in PEST, SDG, SDG 7, and ENERGY indicators
imply that as these metrics improve, the associated outcomes in FinTech, par-
ticularly in the higher quantiles, are also likely to show enhancement, under-
scoring their pivotal role in propelling favourable FinTech development out-
comes.

To validate the results against the observed data, the pertinent p-values and
standard errors were calculated and displayed in Tables 3.18 and 3.19 below.
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The results affirmed the importance of the PEST and SDG 7 data, with PEST
exhibiting a lower standard error (SE).

Table 3.18. MMQR results of paired FIN | and PEST, SDG, ENERGY, and SDG 7 in-

dexes (made by the author)

FINI 0.05 0.25 0.50 0.75 0.95
PEST Beta 0.244 0.302 0.380 0.447 0.534
p-value 0.045 0.015 0.025 0.002 0.000
SE 0.107 0.103 0.144 0.107 0.083
SDG Beta 0.748 0.483 0.631 1.474 1.808
p-value 0.120 0.200 0.403 0.238 0.114
SE 0.440 0.352 0.722 1.176 1.042
ENERGY | Beta -0.010 1.686 1.539 1.414 0.297
p-value 0.995 0.338 0.255 0.186 0.814
SE 1.527 1.677 1.274 0.996 1.225
SDG 7 Beta 0.981 0.670 1.291 1.293 1.168
p-value 0.013 0.088 0.001 0.000 0.000
SE 0.326 0.355 0.291 0.188 0.115

Table 3.19. MMQOR results of paired FIN Il and PEST, SDG, ENERGY, and SDG 7
dexes (made by the author)

n_

FIN I 0.05 0.25 0.50 0.75 0.95
PEST Beta 0.205 0.258 0.342 0.431 0.561
p-value 0.202 0.098 0.132 0.031 0.002
SE 0.150 0.141 0.209 0.172 0.136
SDG Beta 0.579 0.349 0.515 1.423 1.878
p-value 0.275 0.392 0.527 0.343 0.178
SE 0.501 0.390 0.786 1.429 1.294
ENERGY | Beta -0.205 0.352 1.293 1.921 0.621
p-value 0.884 0.823 0.371 0.155 0.695
SE 1.366 1.535 1.380 1.247 1.537
SDG 7 Beta 0.759 0.737 1.518 1.444 1.227
p-value 0.111 0.141 0.009 0.004 0.001
SE 0.434 0.462 0.473 0.382 0.258

A synthesis of the p-values and standard errors (SE) presented in the tables
indicates that the FIN I model, which employs proportional indicator weights for
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the FinTech PCA Index, exhibited statistically more significant and, conse-
guently, more accurate data.

Furthermore, when assessing the influence of the independent variables on
the dependent variable, the importance of PEST and SDG 7 in relation to the sus-
tainable development of the FinTech industry must be prioritised.

The following sub-chapter necessitates a comprehensive examination of the
influence of the SDG PCA Index components on FinTech, considering its inclu-
sion of four SDGs and their respective indicators, which is particularly pertinent
to the advancement of sustainable FinTech.

3.4.2. Pairwise Regression Results on the Impact of
Sustainable Development Goals 4, 8, 9, and 16 on the
Financial Technology Development

Figure 3 depicts the paired FIN I/FIN Il modifications and the MMQR estimates
for SDG 4, SDG 8, SDG 9, and SDG 16 indices. The results of the MMQR re-
garding the influence of SDG 4, SDG 8, SDG 9, and SDG 16 on FinTech can be
summarised into two primary observations.

Specifically, it is clear that SDG 8 and SDG 9 significantly enhance the ad-
vancement of FinTech. SDG 8 demonstrates a growth trajectory that peaks at the
0.50 quantile, subsequently stabilising. In contrast, SDG 9 peaks at the 0.05 quan-
tile in FIN 1 and FIN 1l while maintaining stability across all quantiles. Conse-
guently, SDG 8 has the most substantial influence on FinTech, with a medium to
high range, as confirmed by the p-values (Tables 3.20 and 3.21), which indicate
the significance of these data. At the same time, SDG 9 demonstrates the most
pronounced impact at the inception of growth, sustaining a consistent, albeit mar-
ginally diminished, impact throughout the growth phase, as confirmed by the p-
values.

Conversely, coefficients for SDG 4 are consistently negative in both models,
indicating that an increase in SDG 4 is associated with a decrease in the dependent
FinTech variable. Therefore, further examination is necessary using indicators,
such as the p-values, especially in FIN 11, to confirm the significance of these data.

By comparison, SDG 16 exhibits an upward trend up to the 0.5 quantiles in
both models, indicating a positive impact on FinTech; however, it subsequently
experiences a sharp decline towards negative coefficient values, a more pro-
nounced trend in FIN 1. These results suggest the necessity for further inquiry,
although the p-values did not confirm the significance of these data.
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Fig. 3.4. Changes in the pairwise regression results of FinTech and SDG 4, SDG 8,
SDG 9 and SDG 16 indexes (made by the author)

Table 3.20. MMQR results of paired FIN | and SDG 4, SDG 8, SDG 9, and SDG 16 in-
dexes (made by the author)

FIN I 0.05 0.25 0.50 0.75 0.95
SDG 4 Beta -1.691 —-1.454 -1.354 -1.150 1.348
p—value 0.149 0.091 0.057 0.002 0.000
SE 1.082 0.778 0.628 0.283 0.202
SDG 8 Beta 1.348 1.130 2.365 1.990 2.226
p—value 0.003 0.000 0.000 0.000 0.000
SE 0.339 0.575 0.592 0.379 0.311
SDG 9 Beta 1.985 1.767 1.856 1.811 1.675
p—value 0.000 0.000 0.000 0.000 0.000
SE 0.229 0.193 0.184 0.245 0.258
SDG 16 Beta —-0.036 1.777 5.644 —6.991 -1.983
p—value 0.994 0.788 0.608 0.556 0.840
SE 4.832 6.419 10.650 11.469 9.587




3. ASSESSMENT OF THE SUSTAINABLE DEVELOPMENT OF THE FINANCIAL... 81

Table 3.21. MMQR results of paired FIN Il and SDG 4, SDG 8, SDG 9, and SDG 16 in-
dexes (made by the author)

FIN 11 0.05 0.25 0.50 0.75 0.95
SDG 4 Beta -1.757 -1.698 -1.757 -1.460 -1.636
p—value 0.037 0.013 0.006 0.001 0.000
SE 0.731 0.562 0.506 0.297 0.206
SDG 8 Beta 1.043 1.331 2.609 2.246 2.149
p—value 0.081 0.163 0.020 0.003 0.000
SE 0.537 0.884 0.943 0.586 0.414
SDG 9 Beta 2.317 2.275 2.003 2.034 1.988
p—value 0.000 0.000 0.000 0.000 0.000
SE 0.314 0.329 0.288 0.231 0.198
SDG 16 Beta -0.763 1.237 3.815 -12.325 | -4.134
p—value 0.874 0.847 0.755 0.383 0.738
SE 4.705 6.244 11.878 13.495 12.033

A synthesis of the p-values and standard errors (SE) presented in the tables
above indicates that the FIN Il model, which employs non-proportional indicator
weights for the FinTech PCA Index, exhibited statistically more significant and
consequently more accurate data in this case.

Moreover, when assessing the influence of the independent variables on the
dependent variable, the importance of SDG 4, SDG 8, and SDG 9 to the sustain-
able development of the FinTech industry warrants paramount attention.

The divergent trends displayed by the different Sustainable Development
Goals (SDGs) provide essential insights. The beneficial effects of SDG 8 and
SDG 9, alongside the volatility of SDG 16, coupled with the persistently adverse
impact of SDG 4, highlight the need for a comprehensive examination of these
two indices.

3.4.3. Pairwise Regression Results on the Impact of
Sustainable Development Goals 4 and 16 Index Sub-
components on the Financial Technology Development

Figure 4 demonstrates an apparent alteration in the paired FIN I/FIN 1l and SDG 4
index sub-components (indicators) MMQR estimates. Only one indicator, “Ter-
tiary educational attainment (% of the population aged 25 to 34)”, exhibits posi-
tive coefficient values. In contrast, the remaining three SDG 4 indicators mani-
festly demonstrate negative values, with a minor exception being “Variation in
mathematics performance explained by socio-economic status” at FIN I.
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Fig. 3.5. Changes in the pairwise regression results of FinTech and SDG 4 index sub-
components (indicators) (made by the author)

Thus, the sole SDG 4 indicator positively influencing FinTech growth is
“Tertiary educational attainment (% of the population aged 25 to 34)”. However,
its positive impact could not be considered highly significant, as it is less than 1
(the highest value is in the FIN 1l model, which is 0.4). The p-values for these
results (Tables 3.22 and 3.23) confirmed the significance of the data, thereby an-
swering the inquiry posed in Sub-chapter 3.4.2 concerning the negative values of
the SDG 4 Index coefficients.

As demonstrated in Figure 3.5, the paired FIN I/FIN Il and SDG 16 index
sub-components (indicators) MMQR estimates reveal noteworthy alterations.
Two indicators for SDG 16, “Crime is effectively controlled” and “Timeliness of
administrative proceedings”, exhibit a marginal increase across quantiles in both
FIN I and FIN I1, suggesting a growing positive impact at higher quantiles.
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Table 3.22. MMQR results of paired FIN | and SDG 4 index sub-components (indica-

tors) (made by the author)

FIN I 0.05 0.25 0.50 0.75 0.95
Tertiary Beta 0.273 0.357 0.331 0.338 0.292
p—value 0.001 0.000 0.000 0.000 0.000
SE 0.061 0.055 0.044 0.037 0.029
PISA Beta -0.204 | -0.185 | -0.226 | -0.239 | -0.217
p—value 0.000 0.000 0.000 0.000 0.000
SE 0.025 0.027 0.030 0.025 0.025
Variation Beta -0.004 0.081 -0.358 | -0.302 | -0.353
p—value 0.986 0.761 0.070 0.015 0.000
SE 0.218 0.259 0.176 0.102 0.065
Underachievers | Beta -0.181 -0.180 -0.177 -0.149 -0.162
p—value 0.064 0.039 0.007 0.003 0.000
SE 0.087 0.076 0.052 0.039 0.027

Table 3.23. MMQR results of paired FIN Il and SDG 4 index sub-components (indica-

tors) (made by the author)

FIN 11 0.05 0.25 0.50 0.75 0.95
Tertiary Beta 0.282 0.397 0.400 0.357 0.307
p-value 0.023 0.003 0.002 0.001 0.000
SE 0.105 0.104 0.094 0.075 0.054
PISA Beta -0.238 | -0.230 |-0.228 | -0.256 | -0.231
p-value 0.000 0.000 0.000 0.000 0.000
SE 0.019 0.028 0.035 0.035 0.029
Variation Beta -0.090 | -0.009 |-0.397 | -0.438 | -0.451
p-value 0.694 0.973 0.039 0.001 0.000
SE 0.222 0.255 0.167 0.094 0.064
Underachievers | Beta -0.210 | -0.188 | -0.230 | -0.189 | -0.209
p-value 0.018 0.005 0.000 0.000 0.000
SE 0.074 0.052 0.040 0.036 0.026
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Fig. 3.6. Changes in the pairwise regression results of FinTech and SDG 16 index
sub-components (indicators) (made by the author)

However, their values are below 1, so the impact of these indicators is not
particularly significant. The Corruption Perceptions Index significantly influences
FinTech development within the sustainable development framework, as it in-
creases from the 0.05 quantile to a maximum of 1.1 at the 0.75 quantile before
declining precipitously to a minimal negative value at the 0.95 quantile. It sug-
gests that the perceived level of corruption in the public sector significantly en-
hances FinTech development up to a specific threshold; however, when corrup-
tion is regarded as minimal by business representatives and country experts, it
begins to hinder FinTech development.

In contrast, the Press Freedom Index is deteriorating, becoming increasingly
hostile at higher quantiles in both models, indicating an inverse correlation with
FinTech. It suggests that the degree of freedom afforded to journalists correlates
with diminished FinTech outcomes within the sustainable development frame-
work, highlighting the intricacies of the relationship between press freedom and
the various components of the FinTech Index, independent of the indicators’
weights.
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Table 3.24. MMQR results of paired FIN | and SDG 16 index sub-components (indica-
tors) (made by the author)

FIN I 0.05 0.25 0.50 0.75 0.95
Crime Beta -0.002 0.361 0.347 0.526 0.555
p-value | 0.997 0.340 0.236 0.052 0.003
SE 0.567 0.361 0.275 0.238 0.140
Corruption Beta 0.364 0.323 0.544 1.062 -0.243
p-value | 0.345 0.589 0.588 0.374 0.844
SE 0.367 0.579 0.972 1.142 1.203
Press freedom Beta -0.165 -0.343 -0.393 -0.401 -0.698
p-value | 0.288 0.004 0.229 0.033 0.024
SE 0.147 0.092 0.307 0.162 0.262
Timeliness Beta 0.507 0.347 0.163 0.515 0.602
p-value | 0.190 0.206 0.782 0.577 0.489
SE 0.361 0.257 0.574 0.892 0.839

Table 3.25. MMQR results of paired FIN Il and SDG 16 index sub-components (indica-
tors) (made by the author)

FIN 11 0.05 0.25 0.50 0.75 0.95
Crime Beta -0.041 0.286 0.235 0.610 0.559
p-value | 0.942 0.499 0.557 0.099 0.028
SE 0.552 0.408 0.387 0.335 0.218
Corruption Beta 0.342 0.140 0.245 1.025 —-0.510
p-value | 0.392 0.832 0.831 0.479 0.747
SE 0.382 0.641 1.119 1.394 1.540
Press freedom Beta -0.106 -0.282 -0.444 -0.484 -0.792
p-value | 0.669 0.156 0.208 0.004 0.010
SE 0.240 0.184 0.330 0.132 0.249
Timeliness Beta 0.294 0.222 0.110 0.541 0.680
p-value | 0.323 0.354 0.872 0.628 0.542
SE 0.282 0.228 0.665 1.081 1.075

The p-values for these results (Tables 3.24 and 3.25) partially validated the
significance of the data at elevated quantiles. Consequently, the adverse effects of
elevated Press Freedom Index values on FinTech advancement within the frame-
work of sustainable development constitute a scientific issue that warrants reso-
lution.
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In summary, the findings of the pairwise regression conducted in Sub-chap-
ter 3.4 indicate that four indicators should be excluded from the set used for fur-
ther assessment of the sustainable development of the FinTech industry, as they
are detrimental to its development. These indicators include the “PISA score”, the
“Variance in mathematics performance explained by socio-economic status”, the
“Underachievers in mathematics” indicators in SDG 4, and the Press Freedom
Index from SDG 16.

3.5. Multi-criteria Assessment of the Sustainable
Development of the Financial Technology Industry

This sub-chapter presents the multi-criteria assessment of the sustainable devel-
opment of the FinTech industry. In light of the preceding dissertation chapters,
the assessment incorporates the final set of 41 indicators of FinTech, the external
FinTech environment, Sustainable Development Goals, and energy consumption
into a unified assessment tool (Fig. 3.7). The primary objective is to determine the
significance of indicators and indicator groups in completing the development of
a tool for assessing the sustainable development of the FinTech industry, thereby
enabling a quantitative evaluation of its sustainable development at the national
level.

3.5.1. Expert Survey and Weighting of Indicators

An expert questionnaire was prepared. The indicators in the questionnaire were
derived from a comprehensive review of scientific literature and were presented
in a random sequence.

To identify suitable experts for the research, explicit and precise competency
criteria were established before the expert survey, encompassing education, pro-
fessional experience, knowledge of sustainable development, and research exper-
tise. A comprehensive definition of these requirements is provided in Table 3.26.

It was intended that the experts meet at least three of the four criteria, as the
expert survey invited representatives from business, academia, and the public sec-
tor working on FinTech development, and the experience in scientific research
cannot apply to everyone.

The expert survey was successfully conducted from 8 to 10 January 2025
using an e-survey form. The survey was conducted by both national and interna-
tional experts residing in Lithuania. The experts have been respectfully requested
to maintain impartiality in completing the questionnaire, which means that the
responses are objective and free from personal bias. If the expert cannot comply
with these requirements, they were respectfully requested to decline participation
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in the survey. However, no bias was encountered in this survey. Therefore, nine
experts took part in the survey. The eligibility of these experts for the requirements
set out is shown in Table 3.27.

Table 3.26. Specific requirements for the experience and competence of experts conduct-
ing the expert survey (made by the author)

Number of
experts
meeting the
requirements

Education in quantitative social or computer 9
sciences (finance, economics, or a related
field); a master’s or PhD is preferred. Addi-
tionally, courses or additional certifications in
sustainable development or FinTech would be
advantageous.

Minimum of 3 years of hands-on experience 9
in FinTech across various sectors (public, pri-
vate, non-profit, research). Demonstrated in-
volvement in sustainable projects or initiatives
within FinTech is a plus.

No | Requirements | Description of the requirement

1 Educational
background

2 Work experi-
ence

3 Knowledge

of sustainable
development

Deep understanding of sustainable develop- 9

ment, including knowledge of the SDGs, rele-
vant indicators, and the implications for the

FinTech sector. Experience in sustainability
assessments or evaluations would be valuable.

4 Experience in | At least 3-5 peer-reviewed publications or 3
scientific re- | participation in projects relevant to FinTech or
search sustainable development. Contributions as a

speaker or panellist in industry conferences
may be considered.

As can be seen, all nine experts interviewed meet at least three of the require-
ments, which is sufficient. However, to obtain the most reliable results, it is es-
sential to consider the experts' qualifications and the number of experts involved.
The optimal number of experts was determined based on the methodological prin-
ciples established in classical test theory, which posits that the reliability of ag-
gregated solutions is associated with the number of decision-makers (experts)
through a rapidly diminishing non-linear relationship (Libby & Blashfield, 1978).
The findings indicated that, in aggregated expert judgement modules with uniform
weights, the accuracy of judgements and estimates from a small group of experts
is comparable to that of a larger group of experts. Libby and Blashfield (1978)
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asserted that when the number of experts exceeds seven, accuracy exceeds 90%,
with negligible variation in accuracy as the number of experts increases. In addi-
tion, BaleZentis and Zalimaité (2011) have noted that, in quantitative evaluations,
a sufficient number of experts ranges from seven to ten. Thus, the data acquired
from this survey are considered sufficient for conducting a credible, notwithstand-
ing the participation of only nine experts in the evaluation process. Therefore, the
expert distribution by sector is shown in Figure 3.9.

The predominant experts originate from three FinTech enterprises, followed
by three public sector representatives engaged in FinTech regulation and three
academics investigating the relationship between FinTech and sustainability.

The reliability of the expert opinions was assessed by calculating Kendall’s
coefficient of concordance (Kendall’s W) in the subsequent analysis. The result-
ing values are presented in Table 3.27.

Table 3.27. Consistency of expert opinions (made by the author)

Components of sustainable development of the FinTech industry | Consistency of

(groups of indicators) expert opinions
FinTech 0.980
Political environment 0.989
Economic environment 1.000
Social environment 1.000
Technological environment 1.000
External (PEST) environment 0.931
Sustainable Development Goal “Affordable and clean energy”

(SDG 7) 1.000
Sustainable Development Goal “Decent work and economic 1.000
growth” (SDG 8)

Sustainable Development Goal “Industry, innovation and infra- 1.000
structure” (SDG 9)

Sustainable Development Goal “Peace, justice and strong institu- 1.000

tions” (SDG 16)
Sustainable Development Goals (SDGs) 0.956
Sustainable development of the FinTech industry without an en-

ergy consumption indicator 0.827
Sustainable development of the FinTech industry with energy
consumption indicator 0.644

The data suggest a perfect agreement among the experts regarding the economic,
social and technological FinTech environments as well as SDG 7, SDG 8, SDG 9,
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and SDG 16, and strong agreement among the experts regarding all the other compo-
nents of sustainable development of the FinTech industry, as a group of indicators.
For instance, the lowest levels of consistency among the expert opinions were ob-
served in the final questions, which addressed the intricacies of evaluating the sustain-
able development of the FinTech industry by allocating weights to aggregated groups
of indicators. Notably, integrating the energy consumption indicator necessitates fur-
ther investigation or consensus-building. Nevertheless, its value exceeds 0.6, indicat-
ing a robust expert consensus.

The results of the expert assessment are presented below, highlighting the
importance assigned to each indicator and its respective group. The results are
presented starting with the smallest components and in the order of importance of
the indicators, as determined by their significance. Table 3.28 presents the ele-
ments of FinTech’s external political, economic, social, and technological envi-
ronment, along with their corresponding weights.

Table 3.28. Significance of the components of the external environment of the FinTech
industry (made by the author)

Components of the external environment of the FinTech industry | Significance
Political environ- | 1 | Regulatory efficiency 0.444
ment 2 | Open markets 0.239
3 | Rule of law 0.167
4 | Governance 0.100
5 | Political globalisation 0.044
6 | Government size 0.006
Economic envi- 1 | Resource intensity 0.417
ronment 2 | Insurance, financial services (% of im-
ports of services, balance of payments) 0.272
3 | Insurance, financial services (% of ser-
vices exports, balance of payments) 0.161
4 | Economic globalisation 0.100
5 | Inflation, GDP deflator (annual %) 0.050
6 | Natural capital 0.000
Social environ- 1 | Intellectual capital 0.422
ment 2 | Social globalisation 0.267
3 | Population 0.161
4 | Social capital 0.100
5 | Labour force with advanced education 0.050
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End of Table 3.28
Components of the external environment of the FinTech industry Significance
Technological en- | 1 | E-Participation Index 0.372
vironment 2 | E-Government Development Index 0.311
3 | Network Readiness Index 0.222
4 | High-technology exports 0.094

The findings of this research suggest that regulatory effectiveness and open
markets are the primary factors in assessing the political environment of the
FinTech industry within the context of sustainable FinTech development. Further-
more, resource intensity emerges as the pivotal factor in determining the economic
environment of the FinTech industry in the context of sustainable FinTech devel-
opment. The research also identified intellectual capital and social globalisation
as the most significant factors in the social environment of the FinTech industry
in the context of sustainable FinTech development. Additionally, the E-Participa-
tion Index and the E-Government Development Index were identified as the most
essential factors in the technological environment of the FinTech industry in the
context of sustainable FinTech development.

Table 3.29. outlines the components of the Sustainable Development Goals
and their significance.

Table 3.29. Significance of the Components of the Sustainable Development Goals
(made by the author)

Components of sustainable development of the FinTech industry Significance
SDG 7 1 | Share of renewable energy in total final energy con-
. 0.578
sumption (%)
2 | Amount of CO- emissions from fuel combustion in 0.422

relation to the total electricity generated

SDG 8 1 | Adults with an account at a bank or other financial
institution or with a mobile money service provider | 0.378
(% of the population aged 15 and over)

2 | Employment to population ratio (%) 0.300
3 | Adjusted GDP growth (%) 0.222
4 Yo_ur_lg people not in empl_oyment, education or 0.100
training (% of the population aged 15-24)
SDG 9 1 | Expenditure on research and development (% of
GDP) 0.367

2 | Researchers (per 1,000 employed population) 0.294
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End of Table 3.29

Components of sustainable development of the FinTech industry Significance

3 | The Times Higher Education Universities Ranking
(average score of the top 3 universities)

0.217

4 | Triadic patent families filed (per million population) | 0.122
SDG 16 | 1 | Timeliness of administrative proceedings 0.478
2 | Corruption Perceptions Index 0.344
3 | Crime is effectively controlled 0.178

As can be seen, the importance of the two renewable energy indicators
(SDG 7) is quite similar. Regarding SDG 8, the primary indicator relevant to the
sustainable development of the FinTech sector is financial inclusion, defined as
the percentage of adults aged 15 and over who have an account at a bank, other
financial institution, or mobile money service provider. SDG 9 designates re-
search and development expenditure as a percentage of GDP as a crucial indicator,
while SDG 16 emphasises the promptness of administrative procedures.

Table 3.30 delineates the weights of the principal indicator groups for sus-
tainable development within the FinTech industry (e.g., FinTech, PEST, and
SDGs) along with their corresponding components. Regarding the FinTech com-
ponents, the Financial Development Index (FDI) is assigned the highest
weighting, accounting for just over a third of the total weighting. It signifies that
the depth, accessibility, and efficacy of financial institutions and markets are par-
amount for the sustainable advancement of the FinTech industry. Regarding fi-
nancial inclusion indicators in FinTech, Internet users are assigned a significantly
higher weighting than fixed broadband subscriptions and mobile cellular subscrip-
tions.

Table 3.30. Significance of the components (main groups) of the sustainable develop-
ment of the FinTech industry (made by the author)

Components Significance
FinTech | 1 | Financial Development Index 0.356
2 | Individuals using the Internet (% of the population) 0.267
3 | Fixed broadband subscriptions (per 100 people) 0.189
4 | Domestic credit to the private sector by banks (% of
GDP) 0.128
5 | Mobile cellular subscriptions (per 100 people) 0.061
PEST 1 | Technological environment 0.378
2 | Economic environment 0.306
3 | Political environment 0.200
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End of Table 3.30

Components Significance

4 | Social environment 0.117
SDGs 1 | SDG 9 “Industry, innovation and infrastructure” 0.372

2 | SDG 16 “Peace, justice and strong institutions” 0.317

3 | SDG 8 “Decent work and economic growth” 0.167

4 | SDG4 “Qu_ality education” (tertiary attainment (% of 0.100

the population aged 25-34)
5 | SDG 7 “Affordable and clean energy” 0.044

The external PEST environment indicates that technological and economic
factors are the most significant factors in the sustainable development of the
FinTech industry. Regarding the Sustainable Development Goals, SDG 9, “Indus-
try, innovation, and infrastructure”, and SDG 16, “Peace, justice, and institu-
tions”, are deemed the most pertinent.

Table 3.31 illustrates two iterations of the significance of the primary com-
ponents of sustainable development within the FinTech industry, excluding and
including energy consumption.

Table 3.31. Significance of the main components of the sustainable development of the
FinTech industry (made by the author)

Components Significance
Sustainable development of the FinTech | 1 | FinTech 0.456
industry without energy consumption 2 | SDGs 0.317

3 | PEST 0.228
Sustainable development of the FinTech | 1 | ENERGY 0.339
industry with energy consumption 2 | PEST 0.311

3 | FinTech 0.217

4 | SDGs 0.133

All interviewed experts unanimously agreed that energy consumption must
be incorporated into evaluating the FinTech industry’s sustainable development.
Consequently, the second option in Table 3.31 is the most suitable and definitive
choice for evaluating the sustainable development of the FinTech industry. It is
particularly significant when viewed in the widely held view that energy con-
sumption represents the most crucial aspect of the sustainability of the FinTech
industry development, followed by the external environment, FinTech, and SDG
indicators. These countries consistently have the highest FinTech scores, but they
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are not in a growth trend. Meanwhile, the Netherlands maintained a similar posi-
tion until 2020 but fell slightly behind in COVID-19. France, Spain, and Germany
are quickly catching up with the leading countries. The results also show that Fin-
land, Portugal, Austria, and Italy exhibit mediocre FinTech performance, while
Estonia, Poland, Lithuania, and Latvia display a poor but increasing trend. Over-
all, for most countries, FinTech performance improves steadily, especially from
2020 to 2022.

3.5.2. Assessment of the Applicability of the Proposed
Methodology and Set of Indicators for the Sustainable
Development of the Financial Technology Industry

This sub-chapter delineates the findings regarding the applicability of the proposed
methodology and indicators for the sustainable development of the FinTech indus-
try. The results are presented sequentially, providing an overview of the differences
in scores for the FinTech, external environment, SDGs, and energy consumption
components of sustainable FinTech development across 15 European countries.

Figure 3.8 displays the outcomes of the FinTech assessment, organised al-
phabetically, which indicates specific trends.
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The three European nations that consistently dominated FinTech advance-
ment from 2012 to 2023 are the UK, Denmark, and Sweden. An analysis of the
average FinTech performance across 15 countries over 12 years reveals a steady
and incremental improvement, indicating that the pandemic and fluctuations in
specific countries’ performance have not substantially affected regional FinTech
performance. Nevertheless, with a mediocre result of 0.517 in 2012 and a slightly
above-average result of 0.619 more than a decade later in 2023, it is clear that
there is still room for an opportunity in FinTech development in Europe.

Figure 3.9 below illustrates the findings of evaluating the political landscape
within the FinTech industry, revealing a somewhat divergent trend. The gap in the
political environment for FinTech between European countries has narrowed over
the past 12 years. While the political climate in most countries has improved be-
tween 2021 and 2023, the political environment for FinTech in Denmark, the
leader in this area, has deteriorated considerably.
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Fig. 3.9. Political environment values (made by the author)

It has also deteriorated, particularly in the formerly leading UK, which, after
2021, reaches the average level of the policy environment for FinTech in Euro-
pean countries and catches up with Estonia, resulting in the UK being overtaken
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by Finland, Sweden, the Netherlands, and Spain. It can also be seen that Poland,
Portugal and Italy have the worst political environments for FinTech in this case.
Examining the average policy environment for FinTech, the overall European en-
vironment is improving, albeit slowly.

Figure 3.10 below illustrates the findings of the evaluation of the economic
landscape of the FinTech industry.
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Fig. 3.10. Economic environment values (made by the author)

An assessment of the economic environment for FinTech generally shows
specific cycles of change within the economic landscape. There is a clear upturn
in 2013 and 2020 and a downturn in 2014-2016 and 2023. Examining the indi-
vidual country results, the UK is the clear leader in all situations, while Poland
and Estonia are the weakest countries in terms of the economic environment for
FinTech. All other countries have a moderate economic environment for FinTech
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development, maintaining the general trend in peak and downturn periods. Com-
paring the 12-year averages of the economic environments of the 15 countries
only confirms the cyclical nature of the economic climate.

Figure 3.11 below illustrates the findings of evaluating the social environ-
ment within the FinTech industry.
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A thorough evaluation of the prevailing social FinTech landscape reveals a
notable shift in leadership from Germany, which dominated from 2012 to 2018,
to the UK. Additionally, Sweden, which had maintained a steady third position
between 2015 and 2021, has been superseded by France recently in 2022-2023.
Furthermore, it can be concluded that Denmark, the Netherlands, Finland, and
Austria have a moderate social environment for FinTech. In contrast, Poland, Lat-
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via, Lithuania, and Spain have a weak social environment in this context. A com-
parison of the 12-year averages for the social environments of the 15 countries in
question reveals the cyclical nature of these environments. The weakest periods
are observed in 2012, 2014-2015, and 2019. The period from 2020 to 2023 can
be regarded as an improvement in the social environment for FinTech.

Figure 3.12 below illustrates the findings of evaluating the technological
landscape within the FinTech industry.

0.400

0.350

0.300

0.250

0.200

0.150

Technological envinornment values

0.100

D.050

0.000
012 2013 2014 2015 20016 2017 2018 2019 20200 20Z1 20ZZ 2023
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The technological environment is characterised by an overall growth trend
that is both evident and consistent. Furthermore, it is obvious that the gap between
European countries, which existed between 2012 and 2015, has started to narrow
since 2016. Meanwhile, with Latvia catching up with the overall level in 2021,
the gap between countries became even smaller in 2022. Individually assessed,
the Netherlands and the UK emerge as leaders in the technological landscape
among the selected European countries, having maintained this status for 12 years.
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However, Denmark, Finland, Estonia, and Germany are rapidly catching up, with
the latter even pulling ahead in 2023. Conversely, Portugal, Italy, Poland, Latvia,
and Lithuania exhibit the most underdeveloped technological environments in
FinTech, though Lithuania’s performance in 2023 approaches the mean average.

Figure 3.13 below illustrates the findings of evaluating the overall external
(PEST) environment of the FinTech industry. The external environment most con-
ducive to the advancement of FinTech is that of the UK. The Netherlands, Den-
mark, Sweden, and Germany are in second place, with Poland, Latvia, Portugal,
and Lithuania having the least favourable external environments for FinTech de-
velopment.

When the data values from the 15 countries are examined over 12 years, it is
evident that the external environment in Europe is improving in the long term.
However, slight deterioration is apparent in 2014-2015, 2019 and 2021-2023.
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Figure 3.14 below illustrates the outcomes of evaluating the Sustainable De-
velopment Goals (SDGs) concerning the FinTech industry. Sweden and Denmark
are leaders in the SDG rankings, sharing the best results, while Finland and the
Netherlands are also strong performers. Estonia and France perform moderately,
and Italy has the worst SDG performance concerning FinTech.
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Fig. 3.14. SDG values (made by the author)

When the overall picture is considered, all countries maintain their positions
steadily and do not change over time. The analysis of the mean values for all
countries reveals a gradual and consistent improvement in the SDG indicators re-
lated to FinTech in Europe, indicating a positive trend in the overall situation.

Figure 3.15 below presents the normalised values of the final energy con-
sumption by the commercial and public sectors, which will be incorporated into
the final assessment of the sustainable development of the FinTech industry.
These values are presented visually to give a general idea of the energy consump-
tion situation in Europe.
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Fig. 3.15. Values of the final energy consumption by the commercial and public sector
(made by the author)

Germany has the highest energy consumption of all the countries in question,
although efforts have been made to improve this situation since 2017, with gradual
progress being made, except in 2021. France, the UK, and Italy also consume
significant amounts of energy, but their situation has not improved. All other
countries have much lower energy consumption, and the situation remains stable.
The aggregate analysis across 15 nations reveals a modest yet consistent increase
in commercial and public energy consumption over the 12 years.

Figure 3.16 displays the conclusive outcomes of the assessment of the sus-
tainable development of the FinTech industry, integrating all constituent compo-
nents (FinTech, external (PEST) environment, SDG, and energy consumption).

The conclusive assessment of the sustainable development within the
FinTech industry indicates that Denmark, Sweden, Finland, and the Netherlands
possess the most sustainable FinTech industries, with Austria, Estonia, and the
UK surprisingly trailing behind. Meanwhile, Italy, Germany, Poland, and France
were found to have the least sustainable FinTech industry development, which is
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undoubtedly partly due to the volume of energy consumption shown in Fig-
ure 3.17. The research findings indicate a general trend of increasing sustainabil-
ity in the development of the FinTech industry over time. It is evidenced by the
calculated results in Figure 3.16, which were obtained from 15 countries selected
for the research.
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Fig. 3.16. Values of the assessment of the sustainable development of the FinTech
industry (made by the author)

The concluding research of the dissertation, a multi-criteria assessment of the
sustainable development of the FinTech industry, validated that the indicators of
FinTech, the external (PEST) environment, and Sustainable Development Goals,
integrated within the methodology, are suitable for assessing the sustainable de-
velopment of the FinTech industry at the national level and that energy consump-
tion is a significant factor in this context.
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3.6. Guidelines for Future Research and Research

Limitations

The empirical research undertaken in this dissertation has revealed several poten-

tial new research areas that may be explored in future studies:

1) The set of indicators proposed in the dissertation for sustainable FinTech
industry development could be applied more broadly, such as the Sustain-
able FinTech Development Index, to assess the sustainability of FinTech

development and its changes at a global level.

2) The final stages of the research revealed the necessity for further research
on the interlinkages between science education for young people and the
development of the FinTech industry in the context of sustainable devel-
opment at the European level to shape favourable educational policies for

the future sustainable development of financial technology.

3) The final stages of the research indicated a need for further research on
the interlinkages between the Press Freedom Index and the development
of the FinTech industry in the context of sustainable development at the
European level. This research should identify the factors that influence
larger market processes and may result in sustainability issues in the

FinTech sector.

4) The final phase of the research revealed that the final energy consumption
in the commercial and public services sector is substantial in the context
of sustainable development for the FinTech industry. It was also deter-
mined that future research could focus more on the role of energy con-
sumption in the FinTech sector to support its sustainable development.

5) The final research findings indicate that the Sustainable Development
Goals are accorded the lowest priority within the context of the sustaina-
ble development of the FinTech sector, despite being the key sustainabil-
ity targets for all countries worldwide. This state of affairs necessitates

further research.

Two principal limitations were encountered during the development of this
dissertation. Firstly, the research was hindered by a paucity of data, which was

evident at every stage of the research process:

1) In this dissertation, several indicators have been measured on a triennial
basis. Consequently, these data have been subject to interpolation to en-
sure the integrity of the findings. It is particularly evident in the context

of the FinTech technological environment and the SDG indicators.

2) It is essential to note that specific indicators were only measured from

2012 onwards, limiting the research timeframe.
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3)

4)

During the research, the measurement of specific indicators was discon-
tinued. Consequently, these indicators were replaced with others that ex-
hibited greater similarity. This replacement had a significant impact on
the adjustment of methodologies.

The paucity of data remains a significant issue when measuring the
FinTech sector at the country level. It has led to the development of a
Principal Component Analysis (PCA) Index, which has influenced the re-
allocation of indicators in the methodologies. Some of the indicators from
SDG 9 have been applied to the FinTech field, leading to the addition of
further indicators to SDG 9.

The second limitation pertains to the selection and number of experts in-
volved in the scientific research of this dissertation. FinTech and sustainable de-
velopment are nascent and evolving domains within the field of research. Identi-
fying sufficient experts with the requisite experience and expertise presents a
challenge.

3.7. Conclusions of the Third Chapter

1)

2)

3)

Evaluating the political, economic, social, and technological environ-
ments relevant to FinTech suggests that Northern Europe, particularly the
Baltic States, offers the most favourable political and economic condi-
tions for advancing the FinTech industry. Northern and Western Europe
are the most conducive social and technological environments for the
FinTech industry's development. The PEST environment assessment for
FinTech development in fifteen countries, ranked in descending order of
favourability, is as follows: Denmark 0.102, Sweden 0.101, Finland
0.100, the Netherlands 0.099, the United Kingdom 0.099, Estonia 0.098,
Lithuania 0.095, Germany 0.094, France 0.089, Spain 0.086, Austria
0.085, Latvia 0.085, Poland 0.083, Portugal 0.083, and Italy 0.077.

The correlation analysis results indicate a statistically significant associ-
ation between the FinTech PEST environment and SDGs 4, 8, 9, and 16,
with correlation coefficients exceeding 0.5 for Spearman’s and Kendall’s
measurement methods. Consequently, it can be asserted that the FinTech
PEST environment is interdependent with SDG 4, SDG 8, SDG 9, and
SDG 16, with the strongest correlation observed between the FinTech
PEST environment and SDG 16.

The evaluation of the significance of the four chosen Sustainable Devel-
opment Goals indicated that SDG 9, “Industry, innovation, and infra-
structure”, holds the highest importance for the sustainable advance-
ment of the FinTech sector, followed by SDG 4, “Quality Education”,
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4)

5)

6)

SDG 8, “Decent Work and Economic Growth”, and SDG 16, “Peace,
justice, and strong institutions”. The survey results from the three
groups, business, public, and science experts, confirmed this.

The evaluation of the significance of each SDG indicator revealed two
key findings: (1) unrestricted public access to financial technology, or
financial inclusion, is the paramount factor in attaining sustainable de-
velopment within the FinTech industry, while gross domestic expendi-
ture on scientific research and experimental development (R&D) and
other general economic indicators of the nation assume a secondary role;
(2) the education of the existing workforce is more pertinent to the sus-
tainable development of the FinTech industry than the skills and em-
ployment of the younger generation, which is both paradoxical and un-
expected, given that they represent the future workforce of FinTech. The
primary factors affecting the sustainable development of the FinTech
industry are unrestricted public access to FinTech through mobile de-
vices and the Internet, as well as a well-educated working-age popula-
tion.

The evaluation of fifteen selected countries revealed that Northern Eu-
rope exhibits the most favourable sustainable development outcomes in
the FinTech industry. Finland, Denmark, and the Netherlands occupy
the top three positions, followed by North-West and Central Europe.
Southern European nations, i.e., Spain, Portugal, and Italy, ranked low-
est in the evaluation regarding the sustainable development of the
FinTech industry.

The findings of MMQR analysis indicate that as quantiles increase,
these indices correlate with enhanced FinTech performance. SDG 8 and
SDG 9 show favourable effects that affirm their utility as indicators of
sustainable FinTech progression. However, the negative values associ-
ated with SDG 4 and the fluctuating impact of SDG 16 underscore the
need for refinement in these indices to ensure accurate assessments.
Among the indicators of SDG 4, only “tertiary educational attainment
(% of the population aged 25-34)” has demonstrated a positive influ-
ence on FinTech growth. In contrast, within SDG 16, the effectiveness
of “Crime is effectively controlled” and “Timeliness of administrative
proceedings” is complicated by a deteriorating “Press Freedom Index”.
Therefore, it is recommended that future research adjust these indices to
reflect their relevance to sustainable FinTech development by removing
indicators that negatively affect FinTech development from the overall
SDG index and integrating the positively affecting SDG 7 components
into it. The research has developed a comprehensive set of 41 indicators
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7)

to evaluate the sustainable development of the FinTech industry nation-
ally, providing crucial insights for policymakers and practitioners to re-
fine strategies centred on effective metrics, thereby enhancing the un-
derstanding of the intricate relationship between FinTech and
sustainability.

The final research of the dissertation, a multi-criteria assessment of the
sustainable development of the FinTech industry, validated that the indi-
cators of FinTech development, the external environment of FinTech, and
Sustainable Development, integrated within the methodology, are suita-
ble for assessing the sustainable development of the FinTech industry at
the national level and that energy consumption is a significant factor in
this context.



General Conclusions

1. The initial chapter of the dissertation presents a thorough literature review
that underscores the research problem: the ambiguity surrounding the sus-
tainable development of the FinTech industry, alongside the absence of
assessments regarding this sustainability in both scholarly literature and
practical applications. The literature review in the dissertation’s First
Chapter illustrated the swift expansion of the FinTech industry over the
past decade, its potential for continued advancement, and the significance
of sustainable development within a global framework in achieving com-
prehensive digital financial inclusion in society. It was also revealed that
the advancement of the FinTech industry is contingent upon favourable
external environmental factors, and to ascertain its sustainable develop-
ment, it is essential to integrate sustainability indicators widely recog-
nised as measures of the Sustainable Development Goals (SDGs). Conse-
quently, it was suggested that the sustainable development of the FinTech
industry be defined as the coherent development of the industry in a fa-
vourable external environment, responding to today's society's digital fi-
nancial inclusion needs without compromising the prospects for future
prosperity. A framework for assessing the sustainable development of the
FinTech industry was formulated and presented based on this definition.
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2. The second sub-chapter of this dissertation examined the data and meth-

odology employed to assess the sustainable development of the FinTech
industry. The Second Chapter of the dissertation presents a methodology
grounded in the quantitative assessment framework for the sustainable
development of the FinTech industry, as outlined in the First Chapter,
which incorporates FinTech, the external PEST environment, and the
Sustainable Development Goals (SDGs). Informed by the primary exter-
nal environment and sustainable development factors influencing the
FinTech industry’s sustainability, a series of empirical studies for the dis-
sertation was formulated and presented, comprising five empirical studies
employing three distinct methods: three multi-criteria assessments, one
statistical assessment, and one applied regression analysis. Based on the
comprehensive review of scientific literature, the most suitable methods
identified include the Simple Additive Weighting (SAW) multi-criteria
decision-making method, Kendall’s and Spearman’s correlation coeffi-
cients, and the Method of Moments Quantile Regression (MMQR). A col-
lection of indicators has been established for the comprehensive assess-
ment of sustainable development within the FinTech industry,
encompassing the following categories: FinTech indicators, indicators of
the political, economic, social, and technological environment of
FinTech, and indicators of economic, social, and environmental sustaina-
bility.

The third sub-chapter of this dissertation evaluated the applicability of the
proposed methodology for the sustainable development of the FinTech
industry through empirical studies conducted in selected countries. The
assessment of the political, economic, social, and technological environ-
ments for FinTech revealed that Northern Europe, particularly the Baltic
States, offers the most conducive political and economic conditions for
the development of the FinTech industry. Northern and Western Europe
present the most advantageous social and technological conditions for the
development of the FinTech industry. According to the overall assess-
ment, Denmark, Sweden, and Finland exhibit the most favourable PEST
environment for FinTech advancement. The results of the correlation
analysis between the overall FinTech PEST environment and the Sustain-
able Development Goals indicated a statistical relationship between the
FinTech PEST environment and SDGs 4, 8, 9, and 16, suggesting their
interdependence, with the strongest dependency observed between the
FinTech PEST environment and SDG 16. The evaluation of the signifi-
cance of the four chosen Sustainable Development Goals indicated that
SDG 9 is paramount for the sustainable development of the FinTech in-
dustry, followed by SDG 4, SDG 8, and SDG 16. The survey results from
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all three groups, i.e., business, public, and scientific experts, confirmed
this. The evaluation of the significance of each SDG indicator revealed
two key findings: unrestricted public access to financial technology, or
financial inclusion, is the paramount factor in fostering the sustainable
development of the FinTech industry, while gross domestic expenditure
on scientific research and experimental development (R&D), along with
other general economic indicators, assumes a secondary role; further-
more, the training of the existing workforce is more pertinent to the sus-
tainable development of the FinTech industry than the skills and employ-
ment of the younger generation. The primary factors affecting the
sustainable development of the FinTech industry are unrestricted public
access to FinTech through mobile devices and the Internet, as well as a
well-educated working-age population. The evaluation of fifteen selected
countries revealed that Northern Europe exhibits the most favourable sus-
tainable development outcomes in the FinTech industry. Finland, Den-
mark, and the Netherlands occupy the top three positions, followed by
North-West and Central Europe. Southern European nations, i.e., Spain,
Portugal, and Italy, ranked lowest in evaluating sustainable development
within the FinTech industry.

4. The Method of Moments Quantile Regression (MMQR) demonstrated
that SDG 8 and SDG 9 have a significant influence on FinTech develop-
ment, thereby validating their efficacy as indicators of sustainable
FinTech advancement. However, the negative values of SDG 4 and the
fluctuating impact of SDG 16 on FinTech suggest that these indices need
to be improved, with SDG 4 retaining only the “Attainment of higher ed-
ucation (% of the population aged 25-34)” and SDG 16 removing the
negatively influencing “Freedom of the press index”. The research also
showed that SDGs need to integrate the positively impacting components
of SDG 7.

5. The final research of the dissertation, a multi-criteria assessment of the
sustainable development of the FinTech industry, validated that the indi-
cators of FinTech development, the external environment of FinTech, and
Sustainable Development, integrated within the methodology, are suita-
ble for assessing the sustainable development of the FinTech industry at
the national level and that energy consumption is a significant factor in
this context.

6. The practical significance of the research findings in this dissertation is
grounded in three domains: government, business, and society. The meth-
odology and indicator framework presented in the dissertation for quanti-
tatively evaluating the sustainable development of the FinTech industry
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at the national level can be readily adapted by national regulators to assess
the industry’s sustainable development, including its strengths and weak-
nesses. The research findings can also be helpful for FinTech companies,
as they allow for a rational and objective assessment of the sustainable
development of the FinTech sector in the selected state. The research find-
ings can also benefit society, FinTech customers, and users, as the sus-
tainable development of the FinTech sector promotes digital financial in-
clusion within society. The practical implications of this dissertation’s
results include advancing sustainable development within the FinTech in-
dustry, enhancing digital financial inclusion, achieving the Sustainable
Development Goals, and promoting global sustainable economic devel-
opment.
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Jvadas

Problemos formulavimas

Per pastaruosius 150 mety finansai tapo vienu i$ labiausiai globalizuoty, skaitmenizuoty
ir reguliuojamy sektoriy (Arner et al., 2022), o skaitmenizavimas paskatino finansy tech-
nologijy (FinTech) sektoriaus augima. Nuo 2010 m., o ypa¢ po 2018 m., FinTech sektorius
spar¢iai auga, o pasaulinés investicijos j FinTech padidéjo nuo 51-74 milijardy JAV do-
leriy (2014-2017 m.) iki 238,9 milijardy JAV doleriy 2021 m., pazymétais rekordiniu
7321 sandoriy skai¢iumi (KPMG & CB In-sights, 2016; KPMG, 2017-2023). Nors Fin-
Tech pasieké 2 procentus pasauliniy finansiniy paslaugy pajamy ir buvo prognozuojama,
kad iki 2030 m. pasieks 7 procentus $iy pajamy (BCG & QED Investors, 2023 m.), dél
pastarojo meto politiniy ir ekonominiy sukrétimy pasaulinés investicijos j FinTech suma-
z¢jo iki 95,6 milijardy JAV doleriy ir 4 639 sandoriy 2024 m. (KPMG, 2025 m.), todél
kilo susirtipinimas dél $io sektoriaus plétros nuoseklumo ir tvarumo. FinTech sektoriaus
augimas ir jo potencialas jgalinti pasiekti didele dalj Jungtiniy Tauty darnaus vystymosi
tiksly (DVT, angl. Sustainable Development Goals, SDGS) ir tokiu btidu reik§mingai pri-
sidéti prie tvariosios ekonomikos plétros sulaukia vis didesnio mokslininky susidoméjimo
(Hasan et al., 2024; Jie et al., 2024; Kishor et al., 2024; Noreen, 2024; Tidjani & Madouri,
2024; Choudhary et al., 2025; Guermazi, 2025). FinTech sektoriaus plétra uZtikrina finan-
sin¢ jtrauktj, kuri Pasaulio banko yra apibréziama kaip asmeny ir jmoniy galimybé uz
prieinamg kaina gauti ir naudoti jy poreikius atitinkanéius finansinius produktus ir paslau-
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gas, kurie teikiami atsakingai ir tvariai (Pasaulio bankas, 2022). Nepaisant FinTech sek-
toriaus plétros privalumy, islieka tokie issuikiai kaip reguliavimo spragos (Ozili, 2018) ir
FinTech sektoriaus plétrai budinga rizika (Arner et al., 2022). Todé¢l FinTech tvariosios,
t. y. patvarios ir nenutriikstamos, plétros uztikrinimas yra labai svarbus siekiant platesniy
aplinkosaugos, socialiniy ir ekonominiy tiksly (Purvis et al., 2019), ta¢iau vis dar triksta
aiskios apibrézties ir metodikos, kaip vertinti FinTech sektoriaus tvariaja plétra. Todél
disertacijoje nagrinéjama problema — finansy technologijy sektoriaus tvariosios plétros
neapibréztumas ir jos vertinimo nebuvimas tick mokslingje literattiroje, tiek praktikoje.
Disertacijoje siekiama atsakyti, kokiomis teorinémis ir (ar) metodologinémis prieigomis,
atsizvelgiant j finansy technologijy sektoriaus tvariosios plétros apibrézties nekoherentis-
kuma, galima grjsti finansy technologijy sektoriaus tvariosios plétros vertinimo metody
tikslinguma, vertinimo rodikliy sgrankg ir formuoti vertinimo metodologija.

Darbo aktualumas

Disertacijos aktualumas grindziamas globaliais finansinés jtraukties, skaitmeninés finan-
sinés jtraukties ir darnaus ekonomikos vystymosi poreikiais, kuriuos skatina finansy tech-
nologijy sektoriaus nuoseklus augimas (Fratiloiu, 2022; Honecker & Chalmers, 2022;
Young & Young, 2022; Yu et al., 2022; Ozili, 2022; Popescu, 2022; Senyo et al., 2022;
Adjasi etal., 2023; Asif etal.,, 2023; Ediaghonya & Tioluwani, 2023; Esmaeilpour
Moghadam & Karami, 2023; Faust et al., 2023). Taciau pastarojo deSimtmecio finansy
technologijy sektoriaus augimo svyravimo statistika rodo, kad jis yra ypac jautrus iSorinés
aplinkos pokyc¢iams, todél finansy technologijy sektoriaus plétra néra nuosekli (KPMG,
2025). O tai parodo tvariosios finansy technologijy sektoriaus plétros, kuri §iuo metu dar
néra apibrézta ar vertinama, aktualumga ir poreikj, kadangi susiduriama su gausybe pasau-
liniy problemy. 2021 m. duomenimis, banko saskaitas turi tik 76,2 procento pasaulio gy-
ventojy, 0 mobiliyjy pinigy saskaitas turi tik 10,24 procento asmeny nuo 15 mety (World
Bank, 2025). Skaitmeniniy finansiniy paslaugy, t. y. finansy technologijy, diegimas §iuo
atveju sudaro salygas finansiskai atskirty ir nepakankamai aptarnaujamy gyventojy gru-
péms teikti jvairias jy poreikius atitinkancias oficialias finansines paslaugas. Jos teikiamos
atsakingai, klientams prieinamomis sgnaudomis. Tai yra ypa¢ svarbu turint omenyje, kad
kelioné link darnaus vystymosi tiksly, kuriuos pasiekti numatyta 2030 m., yra jpuséta, ir
labiau tolsta. Visgi prognozuojama, kad iki 2030 m. finansy technologijy sektoriaus augi-
mas pasieks 7 procentus, o tai yra mazdaug 1,5 trilijono JAV doleriy ir sudaro beveik
25 procentus visy banky vertinimy pasaulyje (BCG ir QED Investors, 2023). Todél
svarbu, kad biity suprantamai apibréztas ir vertinamas finansy technologijy sektoriaus
plétros tvarumas. Disertacijoje §i spraga sprendziama atliekant empirinius tyrimus, parem-
tus 2012-2023 m. laikotarpio 15 Europos valstybiy 45 rodikliy duomenimis, susijusiais
su finansy technologijy plétra, iSorine finansy technologijy aplinka ir darniu vystymusi.

Tyrimo objektas
Disertaciniy tyrimy objektas yra finansy technologijy sektoriaus tvarioji plétra.
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Darbo tikslas

Disertacijos tikslas yra apibrézti finansy technologijy sektoriaus tvariajg plétrg valstybés
lygmeniu ir pasitilyti jos vertinimo metodologija.

Darbo uzdaviniai

Darbo tikslui pasiekti buvo sprendziami Sie uzdaviniai:

1. Atlikti mokslinés literataros finansy technologijy sektoriaus tvariosios plétros
tema analize, i8gryninti moksling problema finansy technologijy sektoriaus tva-
riosios plétros kontekste ir apibrézti teorinj disertacijos pagrinda.

2. Pasitlyti finansy technologijy sektoriaus tvariosios plétros kiekybinio vertinimo
valstybés lygmeniu metodologija.

3. Ivertinti pasitlytos finansy technologijy sektoriaus tvariosios plétros vertinimo
metodologijos pritaikomumga atliekant empirinius tyrimus pagal pasirinkty vals-
tybiy pavyzdj.

Tyrimy metodika

Disertacijos uzdaviniams spresti buvo taikyti Sie tyrimo metodai: loginé analizé, sisteminé
analizé, lyginamoji analizé, kompleksiné analizé ir modeliavimas. Tuo badu surinkti duo-
menys i§ moksliniy duomeny baziy, oficialiy tarptautiniy organizacijy duomeny baziy ir
naujausios mokslings literatiiros. Atliekant empirinj tyrima buvo taikytas ekspertinio ver-
tinimo metodas, konkreéiai — anketiné apklausa, siekiant rodikliy reik§mingumo nusta-
tymo, ir paprasty svoriy sudéjimo (SAW) metodas, leidziantis daugiakriterj sprendimy
priémima, taip pat taikyti Spearmano ir Kendallo koreliacijos koeficientai statistinei duo-
meny analizei ir kvantiliy regresija pagal momenty metodg (MMQR). Tyrimo rezultatai
buvo analizuojami naudojant VOSviewer, Microsoft Excel ir R programine jrangg.

Darbo mokslinis naujumas

Disertacijos mokslinis naujumas grindziamas trimis aspektais:

1. I8grynintas finansy technologijy sektoriaus tvariosios plétros apibrézimas. Tva-
riaja finansy technologijy sektoriaus plétra sitiloma apibrézti kaip palankioje iSo-
rinéje aplinkoje vykstancia nenutritkstamg finansy technologijy sektoriaus plétra,
atliepiancia siuolaikinés visuomenés skaitmeninés finansinés jtraukties poreikius
ir nesumazinandia gerovés galimybiy ateityje.

2. Pasililyta finansy technologijy sektoriaus tvariosios plétros kiekybinio vertinimo
valstybés lygmeniu metodologija, kurioje integruota FinTech, iSoriné (PEST) ap-
linka, darnaus vystymosi tikslai (SDGS) ir energijos suvartojimas.

3. Parengta FinTech sektoriaus tvariosios plétros kompleksinio vertinimo rodikliy
saranka, apimanti Sias grupes: FinTech rodiklius; FinTech politinés, ekonominés,
socialinés ir technologinés aplinkos rodiklius; ekonominius, socialinius ir aplin-
kosauginius tvarumo rodiklius; energijos suvartojimo rodiklius.
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Darbo rezultaty praktiné reikSmé

Praktiné darbo reik§mé ir rezultaty nauda grindziama trimis lygmenimis — valstybés,
verslo ir visuomenés. Darbe pasitilyta finansy technologijy sektoriaus tvariosios plétros
kiekybinio vertinimo metodologija ir rodikliy saranka valstybés lygmeniu naudinga Siais
atzvilgiais:

1. Gali bati lengvai pritaikoma nacionaliniy reguliavimo institucijy, siekiant jver-
tinti finansy technologijy sektoriaus tvariajg plétra valstybéje bei jos stiprigsias
ir silpnasias dedamasias dalis.

2. Gali bati naudinga finansy technologijy sektoriaus jmonéms, kKadangi suteikia
galimybe racionaliai ir objektyviai jvertinti finansy technologijy sektoriaus plét-
ros tvarumga pasirinktoje valstybéje planuojant verslo plétra.

3. Gali bati naudinga visuomenei — finansy technologijy klientams ir naudotojams,
kadangi finansy technologijy sektoriaus tvarioji plétra skatina visuomenés skait-
mening finansing jtrauktj.

Apibendrinant galima teigti, kad $io darbo rezultaty praktiné reik§mé — finansy tech-
nologijy sektoriaus tvariosios plétros, skaitmeninés finansinés jtraukties augimo, darnaus
vystymosi tiksly bei pasaulinio darnaus ekonomikos vystymosi skatinimas.

Ginamieji teiginiai
Disertacijoje ginami keturi teiginiai:

1. Finansy technologijy sektoriaus tvarioji plétra apibréztina jvardijant pagrindinius
jos veiksnius: palankig iSoring aplinkg ir skaitmening finansing jtrauktj.

2. Finansy technologijy sektoriaus tvarioji plétra vertintina valstybés lygmeniu, su-
formuojant ir pritaikant tinkama rodikliy sgranka, jtraukiant finansy technologijy
sektoriaus politinés, ekonominés, socialinés ir technologinés aplinkos rodiklius.

3. FinTech plétros, iSorinés FinTech aplinkos ir darniojo vystymosi rodikliai integ-
ruojami j metodika, tinkamg finansy technologijy sektoriaus tvariosios plétros
vertinimui valstybés lygmeniu.

4. Energijos suvartojimas svarbus veiksnys finansy technologijy sektoriaus tvario-
sios plétros kontekste.

Darbo rezultaty aprobavimas

Autoré tarptautinése duomeny bazése referuojamuose mokslo leidiniuose disertacijos
tema yra paskelbusi tris mokslinius straipsnius (viena — Web of Science, visus tris — Sco-
pus) (Pauliukeviciené et al., 2025; Pauliukeviciené & Stankevicien¢, 2024; Pauliuke-
viciené & Stankeviciené , 2021).

Autoré dalyvavo dvejose tarptautinése mokslinése konferencijose (viena i§ jy vyko
uzsienyje), taigi moksliniy konferencijy darby leidiniuose disertacijos tema yra paskelbusi
du straipsnius (prane$imy tezes) (Pauliukevi¢iené & Stankeviciené, 2024; Pauliuke-
viciené & Stankeviciené, 2022):

1. Tarptautiné moksliné konferencija ,,Naujos ekonomikos, kultiiros ir humanitari-
niy moksly tendencijos (etECH2024)*, 2024 m. balandZio 25-26 d., Ryga, Lat-
vija.

2. Dvyliktoji tarptautiné moksliné konferencija ,,Verslas ir vadyba 2022, 2022 m.
geguzés 12-13 d., Vilnius, Lietuva.
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Autoré atliko trijy ménesiy trukmés stazuot¢ uzsienyje, Maltos universitete, nuo
2024 m. balandzio 1 d. iki 2024 m. birzelio 30 d.

Tyrimy rezultatai taip pat buvo pristatyti keturiuose doktoranty seminaruose Vil-
niaus Gedimino technikos universitete (2022 m. geguzés 30 d., 2023 m. geguzés 15 d.,
2023 m. spalio 23 d., 2024 m. rugséjo 9 d.) ir dviejuose seminaruose, kuriuose buvo nag-
rinéjama disertacijai artima tema, uzsienio mokslo centre ir institute:

1. Maltos universiteto Ekonomikos, vadybos ir apskaitos fakultete 2024 m. birzelio
6 d., Msidoje, Maltoje.

2. Tarptautiniame kolokviume ,,Nauji moksliniai-didaktiniai i§§tkiai turbulencijos
metu 2022 2022 m. kovo 7 d., Balstogéje, Lenkijoje.

Disertacijos struktira

Disertacija sudaro jvadas, trys skyriai, bendrosios i§vados ir tolesniy tyrimy rekomenda-
cijos, literatiiros saraSas, autorés publikacijy sarasas ir disertacijos santrauka lietuviy
kalba. Bendra disertacijos apimtis — 150 puslapiy, disertacijoje yra 27 paveikslai, 47 len-
telés, 17 sunumeruoty formuliy ir 220 literatiiros Saltiniy.

1. Teoriniai finansy technologijy sektoriaus tvariosios plétros
aspektai

Pirmajame disertacijos skyriuje atliktos loginé, sisteminé, lyginamoji ir kompleksiné
mokslinés literattros $altiniy disertacijos tematika analizés. Atskleistas finansy technolo-
gijy sektoriaus augimo potencialas (Arner, 2016; Nicoletti, 2017; Nicoletti et al. 2017;
Lomachynska, 2020; Arner et al. 2021; Giglio, 2021) ir parodyta, kad finansy technologijy
sektoriaus plétrai didele jtakg daro iSorinés aplinkos veiksniai (KPMG & CB Insights,
2016; KPMG, 2017, 2018, 2019, 2020, 2021, 2022, 2023, 2024, 2025).

Lyginamoji esamy FinTech indeksy sudedamyjy daliy analizé atskleidé jy ribotuma
tikslinés grupés, rodikliy ar aplinkos atzvilgiu (Hieminga et al., 2016; fDi Intelligence,
2019; Boitan & Barbu, 2021; Findexable, 2021; Gauthier et al., 2022; Findexable, 2022;
Wardle & Mainelli, 2025). D¢l to sitiloma finansy technologijy sektoriaus iSorinés aplin-
kos analizés sistema, pagrista PEST analize (Gupta, 2013; Shtal et al., 2018; Tirmaste
et al., 2019; Vlados & Chatzinikolaou, 2019).

Atskleista finansy technologijy sektoriaus ir darniojo vystymosi sgsajy svarba (Cen
& He, 2018; Sgro et al., 2019; Bersudskaya et al., 2020; Michael, 2020; European Co-
mmission, 2021; Ellili, 2022; Farahani et al., 2022), kadangi FinTech sektoriaus plétra turi
teigiamg poveikj skaitmeninés finansinés jtraukties augimui (Hudaefi, 2020; Mhlanga,
2022; Adjasi et al., 2023; Asif et al., 2023; Ediagbonya & Tioluwani, 2023; Esmaeilpour
Moghadam & Karami, 2023; Faust et al., 2023). Literattros apzvalga taip pat parodé, kad
finansy technologijy sektoriaus plétra turi daugiausia sasajy su darnaus vystymosi tikslais
SDG 4, SDG 8, SDG 9, SDG 16 (Bedoui & Robbana, 2019; Hinson et al., 2019; Shipa-
lana, 2019; Walker, 2019; Hoang et al., 2022).

Mokslinés literatiiros apie darnaus vystymosi vertinimo metodus analiz¢ parode, kad
Siame kontekste pirmenybé¢ teikiama daugiakriterei sprendimy analizei, reitingavimui ir
integruotiems indeksams (Ness et al., 2007; De Ridder et al., 2007; Bueno et al., 2015;
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Saulick et al., 2023). Literatiiros analizé naudojant VoSViewer atskleidé, kad kvantiliy reg-
resija pagal momenty metoda (MMQR) yra naujausias finansy technologijy ir darnaus
vystymosi sasajy tyrimo metodas (Lisha et al., 2023; Chen & Liu, 2024; Lin et al., 2024;
Lv et al., 2024; Ren, 2024; Wang et al., 2024; Xia & Liu, 2024; Zeng et al., 2024; Zhang
& Cui, 2024).

Nors FinTech sektoriaus plétra priklauso nuo iSorinés aplinkos veiksniy palankumo,
siekiant apibrézti finansy technologijy sektoriaus tvarigja plétra, svarbu jtraukti darnaus
vystymosi vertinimo rodiklius, kurie §iuo metu visuotinai pripazjstami kaip SDG rodikliai.
Todé¢l siloma finansy technologijy sektoriaus tvariaja plétra apibrézti kaip palankioje
iSorinéje aplinkoje Vykstancig nenutrikstamgq finansy technologijy (FinTech) sektoriaus
plétrq, atitinkanciq Siuolaikinés visuomenés skaitmeninés finansinés jtraukties poreikius
ir nepakenkiancig ateities gerovés perspektyvoms. Remiantis $ia apibréztimi buvo pa-
rengta ir §iame skyriuje pateikiama finansy technologijy sektoriaus tvariosios plétros ver-
tinimo sistema (S1.1 pav.).

FinTech rodikliai
FinTech sektoriaus |/ I8orinés (PEST) aplinkos

rodikliai rodikliai
. ) FinTech sektoriaus
FinTech sektoriaus mrech y
tvarioji plétra tvanosn.os. plétros
Ekonominiai rodikliai vertinimas
Tvariosios plétros
rodikliai T
Socialiniai rodikliai

Aplinkosauginiai
rodikliai

S1.1 pav. Finansy technologijy sektoriaus tvariosios plétros vertinimo sistema (parengta autorés)

Remiantis §ia sistema parengta finansy technologijy sektoriaus tvariosios plétros kie-
kybinio vertinimo metodologija.

2. Finansy technologijy sektoriaus tvariosios plétros
vertinimo metodologija

Antrajame darbo skyriuje pateikta autorés parengta disertacijos empiriniy tyrimy seka.
Disertacija sudaro penki empiriniai tyrimai, atlikti taikant tris skirtingus metodus: tris dau-
giakriterius vertinimus, vieng statistinj vertinimg ir vieng taikomosios regresijos vertinima
(52.1 pav.).
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S2.1 pav. Disertacijos empiriniy tyrimy seka (parengta autorés)

Empiriniai tyrimai atlikti taikant daugiakriterio sprendimy priémimo paprastyjy
svoriy sud¢jimo (angl. SAW - Simple Additive Weighting) metoda pasitelkus ekspertinj
vertinimg (anketing apklausg), statistinj duomeny vertinimg taikant Spearmano ir Ken-
dallo koreliacijos koeficientus bei kvantiliy regresija pagal momenty metoda (MMQR).

Daugiakriterio vertinimo procesg disertacijos kontekste sudaro rodikliy parinkimas
remiantis mokslinés literatliros analizés rezultatais, duomeny rinkimas ir apdorojimas
standartizuojant ir iSreiSkiant procentais, ekspertinis vertinimas naudojant klausimyna, ro-
dikliy reiksmingumo nustatymas, ekspertinio vertinimo suderinamumo skaic¢iavimas, ro-
dikliy reik§miy normalizavimas, daugiakriteris vertinimas taikant SAW metoda bei tyrimo
rezultaty pristatymas ir interpretavimas (Hwang & Yoon, 1981; Ginevicius, 2009;
Podvezko, 2011; Ginevicius et al., 2015; Gedvilaité, 2019).

Atliekant visus tris daugiakriterius vertinimus dalyvavo verslo, vie$ojo sektoriaus ir
mokslo atstovai ekspertai, kuriems buvo keliami tokie reikalavimai: (1) kiekybiniy socia-
liniy ar informatikos moksly (finansy, ekonomikos ar susijusios srities) srities issilavini-
mas, pageidautina — magistro arba daktaro laipsnis; (2) maZiausiai 3 mety praktiné patirtis
jvairiuose finansy technologijy srities sektoriuose (vie$ajame, priva¢iajame, pelno nesie-
kian¢iame, moksliniy tyrimy); (3) gilus darnaus vystymosi supratimas, jskaitant Zinias a-
pie darnaus vystymosi tikslus, atitinkamus rodiklius ir poveikj finansy technologijy sek-
toriui; (4) bent 3-5 recenzuotos publikacijos arba dalyvavimas projektuose, susijusiuose
su finansy technologijy arba darniu vystymusi. Buvo praSoma atitikti bent 3 i§ 4 eksper-
tams keliamy reikalavimy. Eksperty apklausa buvo vykdoma elektroniniu bidu, uztikri-
nant konfidencialuma. Atliekant pirmajj daugiakriterj vertinima dalyvavo 8 ekspertai
(3 verslo, 3 vieSojo sektoriaus ir 2 mokslo atstovai), antrajj — 30 eksperty, suskirstyty j tris
atskiras grupes (12 verslo, 10 mokslo ir 8 vieSojo sektoriaus atstovai), siekiant jvertinti
jvairiy grupiy nuomoniy skirtumus, 0 tre¢iojo daugiakriterio vertinimo dalyviai buvo
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9 ekspertai (4 verslo, 3 vieSojo sektoriaus ir 2 mokslo atstovai). Atliekant kiekviena verti-
nima dalis eksperty buvo kvie¢iami naujai, dalis apklausiami pakartotinai. Vertinimo apk-
lausoje dalyvavo tiek Lietuvos, tiek uzsienio ekspertai.

Statistinio vertinimo procesg disertacijos kontekste sudaro duomeny rinkimas (Ziolo
et al., 2021) ir apdorojimas, koreliacijos koeficienty skai¢iavimas pagal Spearmano for-
mule, koreliacijos koeficienty skai¢iavimas pagal Kendallo formulg, rezultaty reik§min-
gumo nustatymas pagal Studento formulg, tyrimo rezultaty pristatymas, palyginimas ir
interpretavimas (Cekanavi¢ius & Murauskas, 2008; Vencloviene, 2010; Field at al., 2012).

Regresinés analizés procesg disertacijos kontekste sudaro momenty salygy apibrézi-
mas, momenty funkcijos sudarymas, momenty salygy imties analogo skai¢iavimas, api-
bendrintojo momenty metodo (GMM) tikslo funkcijos minimizavimas ir kvantiliy regre-
sijos (MMQR) koeficienty gavimas (Koenker & Hallock, 2001; Koenker, 2005; Greene,
2018; Machado & Silva, 2019).

Disertacijos empiriniy tyrimy rodikliy saranka sudaro FinTech rodikliai; i$orinés po-
litinés, ekonominés, socialinés ir technologinés (PEST) aplinkos rodikliai; ekonominiai,
socialiniai ir aplinkos tvarumo (SDG) rodikliai; energijos suvartojimas (Eurostat, 2024;
IMF, 2024; KOF, 2024; Portulans Institute, 2024; Sachs et al., 2024; SolAbility, 2024;
UN E-Government Knowledgebase, 2024; World Bank, 2024).

3. Finansy technologijy sektoriaus tvariosios plétros
vertinimas

TrecCiajame skyriuje pritaikyta autorés antrajame skyriuje pasiiilyta finansy technologijy
sektoriaus tvariosios plétros kiekybinio vertinimo valstybés lygmeniu metodologija, sie-
kiant jvertinti jos pritaikomuma atliekant empirinius tyrimus pagal pasirinkty valstybiy
pavyzdi. Atsizvelgiant j tai, kad disertacijos metodologijos pagrinda sudaro penki empiri-
niai tyrimai, apsiribota 15 valstybiy, priklausanéiy keturiems skirtingiems Europos regio-
nams (Jungtinés Tautos, 1999) duomenimis, t. y. Ryty Europos (Lenkija), Siaurés Europos
(Danija, Estija, Suomija, Latvija, Lietuva, Svedija ir Jungtiné Karalysté), Piety Europos
(Italija, Portugalija ir Ispanija) ir Vakary Europos (Austrija, Pranciizija, Vokietija ir Ny-
derlandai), siekiant jvertinti ir regioninius finansy technologijy sektoriaus tvariosios plét-
ros skirtumus. Pasirinktos valstybés taip pat atspindi tris esmines finansy rinkas, t. y. ma-
Zesnj potencialg turin¢ias nedideles $alis (angl. Frontier Market), kuriy akcijy rinka
nelikvidi, sudaryta i§ mazai prekiaujamy akcijy (Estija, Latvija, Lietuva), besivystanéia
salj (Lenkija), kuri turi tam tikry iSsivysciusios rinkos pozymiy, bet nevisiskai atitinka jos
standartus (angl. Emerging Market), ir i$sivysCiusias Salis (Austrija, Danija, Suomija,
Pranciizija, Vokietija, Italija, Nyderlandai, Portugalija, Ispanija, Svedija, Jungtiné Kara-
lysté), kuriy ekonomika ir kapitalo rinkos yra labiausiai pazengusios j priekj (angl. Deve-
loped Market).

Pirmuoju disertacijos empiriniu tyrimu atliktas daugiakriteris iSorinés aplinkos pa-
lankumo finansy technologijy sektoriaus plétrai vertinimas, taikant SAW metoda. Re-
miantis §i0 tyrimo rezultatais, nustatyti pagrindiniai politinés, ekonominés, socialinés ir
technologinés (PEST) aplinkos veiksniai, darantys teigiama jtaka finansy technologijy
sektoriaus plétrai. Tyrimas atskleidé, kad FinTech sektoriaus plétrai palankiausi politinés
aplinkos veiksniai yra atvirumas verslui ir verslo pradzZios reguliavimo salygos valstybéje,
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palankiausi ekonominés aplinkos veiksniai — Salies ir miesty konkurencingumas finansy
technologijy sektoriaus kontekste, palankiausi socialinés aplinkos veiksniai — talenty
prieinamumas, intelektinis kapitalas ir inovacijy skatinimo palaikymas, palankiausi tech-
nologinés aplinkos veiksniai — skaitmeninimas ir telekomunikacijy infrastrukttra. Taip
pat nustatyta, kad didZiausia svarba teikiama technologinei finansy technologijy sekto-
riaus aplinkai, maziausia — socialinei. FinTech politinés, ekonominés, socialinés ir tech-
nologinés aplinkos, kaip atskiry aplinky, vertinimo pasirinktose Europos valstybése re-
zultatai parodé, kad palankiausia politiné ir ekonominé aplinka finansy technologijy
sektoriaus plétrai 2020 m. buvo Siaurés Europoje, jskaitant Baltijos $alis, 0 palankiausia
socialiné ir technologiné aplinka finansy technologijy sektoriaus plétrai buvo Siaurés ir
Vakary Europoje. Remiantis bendru 15 Europos valstybiy FinTech sektoriaus PEST ap-
linkos vertinimu, palankiausia aplinka 2020 m. nustatyta Skandinavijos $alyse (Danijoje,
Svedijoje, Suomijoje), Nyderlanduose ir Jungtinéje Karalystéje. MaZiausiai finansy tech-
nologijy sektoriaus plétrai palanki PEST aplinka nustatyta Lenkijoje, Portugalijoje ir Ita-
lijoje.

Antruoju disertacijos empiriniu tyrimu atliktas statistinis finansy technologijy sekto-
riaus iSorinés PEST aplinkos ir pasirinkty darnaus vystymosi tiksly (SDG) rodikliy rysio
vertinimas, remiantis Spearmano ir Kendallo ranginés koreliacijos koeficientais. Sio
empirinio tyrimo rezultatai parodé, kad egzistuoja statistinis rySys tarp FinTech sektoriaus
PEST aplinkos ir SDG 4, SDG 8, SDG 9, SDG 16 — koreliacijos koeficientas buvo dides-
nis nei 0,5 pagal abu tyrimo im¢iai tinkamus koreliacijos matavimo metodus, t. y. nusta-
tyta, kad finansy technologijy sektoriaus PEST aplinka ir SDG 4, SDG 8, SDG 9, SDG 16
yra priklausomi, o didziausia tarpusavio priklausomybé yra tarp FinTech sektoriaus PEST
aplinkos ir SDG 16 (,, Taika, teisingumas ir stiprios institucijos*). Sio tyrimo rezultatai taip
pat parodé, kad, vertinant koreliacijg tarp PEST ir SDG rodikliy tiek pagal Spearmano,
tiek pagal Kendallo ranginés koreliacijos koeficientus, didZiausia koreliacija reik§mé
daznu atveju pasireikia tarp technologinés finansy technologijy sektoriaus aplinkos ir
SDG rodikliy, todél darytina iSvada, kad technologiné FinTech sektoriaus aplinka yra
reikSmingiausia vertinant skirtingy finansy technologijy aplinky ir SDG tarpusavio rysj.

Tre¢iuoju disertacijos empiriniu tyrimu atliktas daugiakriteris pasirinkty SDG 4,
SDG 8, SDG 9, SDG 16 rodikliy svarbos finansy technologijy sektoriaus tvariajai plétrai
vertinimas taikant SAW metoda. Nustatyta, kad didziausig reikSmeg tvariajai FinTech sek-
toriaus plétrai turi SDG 9 ,,Pramoné, inovacijos ir infrastruktiira®, po jo eina SDG 4 ,,Ko-
kybiskas iSsilavinimas®, SDG 8 ,,.Deramas darbas ir ekonominis augimas“ ir SDG 16
»Taika ir teisingumas, stiprios institucijos®. Tai patvirtino visy trijy — verslo, visuomenés
ir mokslo — eksperty grupiy apklausos rezultatai. [vertinus kiekvieno i§ SDG pavieniy ro-
dikliy svarba, nustatyta, kad (1) neribota visuomenés prieiga prie finansy technologijy,
arba kitaip tariant — finansiné jtrauktis, yra svarbiausias veiksnys siekiant tvariosios fi-
nansy technologijy sektoriaus plétros, 0 bendrosios vidaus iSlaidos moksliniams tyrimams
ir eksperimentinei plétrai (MTEP) bei kiti bendrieji Salies ekonominiai rodikliai $iuo at-
veju atlieka tik antraeilj vaidmenj; (2) esamos darbo jégos iSsilavinimas yra svarbesnis
siekiant tvariosios FinTech sektoriaus plétros nei penkiolikmediy moksleiviy matematikos
rezultatai ir pasiekimai, o tai yra paradoksalu ir netikéta, nes moksleiviai — btisimoji fi-
nansy technologijy sektoriaus darbo jéga. Todél apibendrinant galima teigti, kad pagrin-
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diniai veiksniai, darantys jtakq tvariajai FinTech sektoriaus plétrai, yra neribota visuo-
menés prieiga prie finansy technologijy (mobilieji jrenginiai ir internetas) ir issilaving
darbingo amZiaus gyventojai. 15 Europos valstybiy daugiakriterio vertinimo rezultatai pa-
rodé¢, kad geriausi darnaus vystymosi rodikliai, susije su finansy technologijy sektoriumi,
yra Siaurés Europoje (Suomijoje, Danijoje, Svedijoje) bei Nyderlanduose, 0 pras¢iausi —
Piety Europos valstybése (Ispanijoje, Portugalijoje ir Italijoje).

Ketvirtuoju disertacijos empiriniu tyrimu, pasitelkus kvantiliy regresijos momenty
metoda (MMQR), atlikta taikomoji regresiné iSorinés PEST aplinkos, SDG ir energijos
suvartojimo poveikio finansy technologijy plétrai analizé, apimanti ty pa¢iy 15 Europos
valstybiy 2012-2023 m. laikotarpio 45 FinTech, politiniy, ekonominiy, socialiniy, tech-
nologiniy ir tvarumo rodikliy duomenis. MMQR analizés rezultatai patvirtino, kad iSori-
nés FinTech makroekonominés aplinkos gerinimas ir pasirinkty darnaus vystymosi tiksly
rodikliy siekimas daro teigiama jtaka finansy technologijy plétrai. Taip pat tyrimo rezulta-
tai parodé, kad tiek pagristas energijos suvartojimas, tiek atsinaujinanciyjy energijos is-
tekliy augimas yra reik§mingi finansy technologijy augimo veiksniai. MMQR rezultatai
atskleid¢ stabily teigiama SDG 7, SDG 8 ir SDG 9, nenuosekly SDG 16 poveik]j ir nei-
giamg SDG 4 poveikj tvariajai finansy technologijy sektoriaus plétrai. Atlikus i§samesng
SDG 4 ir SDG 16 rodikliy analize, i$skirti teigiami ir neigiami rodikliai, darantys jtaka
tvariajai FinTech sektoriaus plétrai: nustatytas stabilus teigiamas 25—-34 mety amziaus as-
meny aukstojo mokslo pasiekimy, veiksmingos nusikalstamumo kontrolés, administraci-
niy procediiry savalaikiSkumo poveikis ir neigiamas 15 mety amziaus asmeny ra§ymo,
gamtos moksly ir ypa¢ matematikos igiidziy bei spaudos laisvés indekso poveikis. Todél
Siuos aspektus apimantys 4 rodikliai pasalinti i§ tvariosios finansy technologijy sektoriaus
plétros rodikliy sarankos.

Penktuoju ir paskutiniuoju disertacijos empiriniu tyrimu atliktas daugiakriteris fi-
nansy technologijy sektoriaus tvariosios plétros vertinimas, sujungiant 41 FinTech, iSori-
nés PEST aplinkos, SDG ir energijos suvartojimo rodiklius j vieng jrankj ir siekiant jver-
tinti pasitlytos FinTech sektoriaus tvariosios plétros vertinimo metodologijos ir rodikliy
sarankos pritaikomuma (S3.1 pav.).

Tyrimo rezultatai parodé, kad tvariosios FinTech plétros kontekste reguliavimo
veiksmingumas ir atviros rinkos yra dominuojantys veiksniai vertinant finansy technolo-
gijy sektoriaus politing aplinka, iStekliy intensyvumas yra pagrindinis veiksnys vertinant
finansy technologijy sektoriaus ekonoming aplinka , intelektinis kapitalas ir socialiné glo-
balizacija yra svarbiausi finansy technologijy sektoriaus socialinés aplinkos veiksniai, 0
svarbiausi finansy technologijy sektoriaus technologinés aplinkos veiksniai — e. dalyva-
vimo indeksas ir e. valdzios plétros indeksas. [vertinus abiejy atsinaujinanciosios energi-
jos rodikliy (SDG 7) svarba nustatyta, kad ji gana panasi. Kalbant apie SDG 8, nustatyta,
kad svarbiausias rodiklis, susijes su tvarigja finansy technologijy sektoriaus plétra, yra
finansiné jtrauktis — suaugusieji, turintys saskaita banke ar kitoje finansy arba mobiliyjy
mokeéjimy paslaugy teikéjo jstaigoje (15 mety ir vyresni gyventojai %). Kaip SDG 9 pag-
rindinis rodiklis nurodytos i§laidos moksliniams tyrimams ir plétrai (BVP %), 0 SDG 16 —
administraciniy procediiry savalaikiSkumas.
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Atlikus pagrindiniy finansy technologijy sektoriaus tvariosios plétros rodikliy grupiy
(t. y. FinTech, PEST ir SDQG) ir jy atitinkamy komponenty svarbos vertinimg nustatyta,
kad FinTech rodikliy grupéje didziausia svarba suteikiama finansinio issivystymo indek-
sui (FDI), o tai atskleidé¢, kad finansy jstaigy ir finansy rinky gylis, prieinamumas ir veiks-
mingumas turi didziausia reik§me tvariajai finansy technologijy sektoriaus plétrai. Kal-
bant apie FinTech finansinés jtraukties rodiklius, interneto naudotojams priskiriamas
gerokai didesnis svoris nei fiksuotojo pla¢iajuoséio rysio ir mobiliojo korinio rySio abo-
nentams. [vertinus iSoring PEST aplinka nustatyta, kad technologiné ir ekonominé aplinka
laikomos svarbiausiomis finansy technologijy sektoriaus tvariajai plétrai. Ivertinus dar-
naus vystymosi tiksly svarba, nustatyti reik§mingiausi SDG 9 ir SDG 16, t. y. ,,Pramoné,
inovacijos ir infrastruktira® ir ,, Taika ir teisingumas, stiprios institucijos®.

Atlikus daugiakriterj 15 Europos valstybiy vertinimg nustatyta, kad 20122023 mety
laikotarpiu pagal FinTech plétra nuosekliai pirmauja Jungtiné Karalysté, Danija ir Svedija,
nors ir nepastebimas didesnis Sio sektoriaus augimas. Taip pat nustatyta, kad daugumoje
valstybiy FinTech rezultatai laikui bégant stabiliai geréja, ypa¢ nuo 2020-2022 m. [verti-
nus i$oring PEST aplinkg nustatyta, kad palankiausia PEST aplinkg tvariajai finansy tech-
nologijy plétrai turi Jungtiné Karalysté, po jos eina Nyderlandai, Danija ir Svedija, 0 pras-
¢iausia iSoriné aplinka tvariajai finansy technologijy sektoriaus plétrai nustatyta Lenkijoje,
Latvijoje, Portugalijoje ir Lietuvoje. Jvertinus SDG 12 mety rezultatus tvariosios finansy
technologijy plétros kontekste nustatyta, kad $ioje srityje lyderiauja Svedija ir Danija, 0
Italijos rezultatai prasciausi. [vertinus energijos suvartojima, sieting su finansy technolo-
gijy sektoriaus plétros tvarumu, nustatyta, kad daugiausia energijos suvartojama Vokieti-
joje, nors nuo 2017 m. stengiamasi $ig padétj gerinti ir pamazu daroma pazanga. Prancii-
zija, Jungtiné Karalysté ir Italija taip pat suvartoja daug energijos, taciau jy padétis
nepageréjo. Visose kitose Salyse energijos suvartojama daug maziau, o padétis iSlicka sta-
bili. Atlikus galutinj tvariosios finansy technologijy sektoriaus plétros vertinimg nustatyta,
kad Danija, Svedija, Suomija ir Nyderlandai turi auks¢iausius FinTech sektoriaus plétros
tvarumo rezultatus, tuo tarpu Austrija, Estija ir Jungtiné Karalysté netikétai atsiliko. Itali-
joje, Vokietijoje, Lenkijoje ir Pranciizijoje nustatyta maziausiai tvari finansy technologijy
sektoriaus plétra, o tai, be abejo, i§ dalies lemia energijos suvartojimo kiekis. Apibendri-
nant pazymétina, kad galutiniai tyrimo rezultatai atskleidé bendrg tvarumo didéjimo ten-
dencija, nors situacija dar galima gerinti.

Bendrosios iSvados

1. IS8sami literattros analizé pirmajame disertacijos skyriuje iSgrynino moksliniy ty-
rimy problemg — finansy technologijy sektoriaus tvariosios plétros neapibréz-
tuma ir finansy technologijy sektoriaus tvariosios plétros vertinimo trikuma tiek
mokslinéje literatiiroje, tiek praktikoje. Pirmajame skyriuje pateikta literatiiros
analiz¢é taip pat atskleidé sparty finansy technologijy sektoriaus plétros augima
pastarajj deSimtmetj, tolimesnés plétros potencialg ir tvariosios plétros svarba pa-
sauliniame kontekste, siekiant visiS$kos skaitmeninés finansinés jtraukties visuo-
mengje. Atskleista, kad finansy technologijy sektoriaus plétra priklauso nuo iSo-
rinés aplinkos veiksniy palankumo, o siekiant apibrézti finansy technologijy
sektoriaus tvariajg plétra, svarbu jtraukti tvarumo vertinimo rodiklius, kurie iuo



SUMMARY IN LITHUANIAN 143

metu visuotinai pripazjstami kaip darnaus vystymosi tiksly rodikliai. Taigi pir-
majame disertacijos skyriuje pasitilytas FinTech sektoriaus tvariosios plétros a-
pibrézimas: finansy technologijy sektoriaus tvarioji plétra — tai palankioje iSori-
néje aplinkoje vykstanti nenutrikstama finansy technologijy sektoriaus plétra,
atliepianti Siuolaikinés visuomenés skaitmeninés finansinés jtraukties poreikius
ir nesumazinanti gerovés galimybiy ateityje. Taip pat pasitlyta §iuo apibréZzimu
paremta finansy technologijy sektoriaus tvariosios plétros vertinimo sistema.

2. Antroje disertacijos dalyje pristatyti duomenys ir metodologija, skirti finansy
technologijy sektoriaus tvariajai plétrai vertinti, pagrjsta pirmajame skyriuje pa-
sitilyta finansy technologijy sektoriaus tvariosios plétros kiekybinio vertinimo
sistema, integruojanti FinTech, iSoring (PEST) aplinka ir darnaus vystymosi tiks-
lus (SDGSs). Remiantis pagrindiniais iSorinés aplinkos ir darnaus vystymosi
veiksniais, lemianciais finansy technologijy sektoriaus tvariaja plétra, parengta ir
pateikta disertacijos empiriniy tyrimy seka, kurig sudaro 5 empiriniai tyrimai,
atlikti taikant 3 skirtingus metodus: 3 daugiakriterius vertinimus, 1 statistinj ver-
tinima, 1 taikomaja regresing analize. Remiantis atliktais mokslinés literattiros
tyrimais, pasirinkti tinkamiausi metodai: daugiakriteris sprendimy priémimo me-
todas SAW (Simple Additive Weighting); Kendallo ir Spearmano koreliacijos ko-
eficientai; kvantiliy regresija pagal momenty metoda (MMQR). Siekiant integ-
ruotai jvertinti finansy technologijy sektoriaus tvariosios plétros galimybes, buvo
parengtas rodikliy rinkinys, kurj sudaro Sios grupés: FinTech rodikliai; FinTech
politinés, ekonominés, socialinés ir technologinés aplinkos rodikliai; ekonomi-
niai, socialiniai ir aplinkosaugos tvarumo rodikliai bei energijos suvartojimo
duomenys.

3. Treciojoje disertacijos dalyje, atlikus empirinius tyrimus pasirinktose Salyse,
buvo jvertintas pasialytos metodologijos pritaikomumas finansy technologijy
sektoriaus tvariajai plétrai vertinti. Jvertinus FinTech PEST aplinka paaiskéjo,
kad Siaurés Europos, ypa¢ Baltijos, Salys, turi palankiausias politines ir ekono-
mines salygas FinTech sektoriaus plétrai, 0 Siaurés ir Vakary Europoje yra pa-
lankiausios socialinés ir technologinés sglygos FinTech sektoriui vystytis.
Bendro PEST vertinimo rezultatai parodé, kad palankiausia PEST aplinka Fin-
Tech plétrai yra Danijoje, Svedijoje ir Suomijoje. Bendrosios finansy technolo-
gijy PEST aplinkos ir SDG koreliacijos analizés rezultatai atskleidé, kad egzis-
tuoja statistinis rySys tarp FinTech PEST aplinkos ir SDG 4, SDG 8, SDG 9, SDG
16, o tai rodo, kad jie yra tarpusavyje susije, didziausiai priklausomybei esant
tarp FinTech PEST aplinkos ir SDG 16. Jvertinus keturiy pasirinkty SDG svarbg
nustatyta, kad didziausig reik§me¢ finansy technologijy sektoriaus plétrai turi
SDG 9, po jo eina SDG 4, SDG 8 ir SDG 16. Tai patvirtino visy trijy grupiy —
vie$Sojo, privataus sektoriy ir mokslo — eksperty apklausos rezultatai. Jvertinus
kiekvieno SDG kiekvieno rodiklio reik§me, paaiskéjo du svarbiis rezultatai: ne-
ribota visuomenés prieiga prie finansy technologijy, kitaip tariant, finansiné jt-
rauktis, yra svarbiausias veiksnys siekiant tvariosios finansy technologijy sekto-
riaus plétros, o bendrosios vidaus iSlaidos moksliniams tyrimams ir
eksperimentinei plétrai (MTEP) bei kiti bendrieji Salies ekonominiai rodikliai
§iuo atveju atlieka tik antraeilj vaidmenj; finansy technologijy sektoriaus tvariajai
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plétrai yra svarbesnis dabartinés darbo jégos mokymas nei jaunosios kartos jgii-
dziai ir uzimtumas. Todél pagrindiniai veiksniai, darantys jtakg tvariajai finansy
technologijy sektoriaus plétrai, yra neribota visuomenés prieiga prie FinTech
(mobilieji jrenginiai ir internetas) ir iSsilaving darbingo amziaus gyventojai.
15 pasirinkty Saliy vertinimo rezultatai parodé, kad geriausi tvariosios plétros re-
zultatai, susij¢ su finansy technologuq sektoriumi, yra Siaurés Europoje: Suo-
mija, Danija, Nyderlandai ir Svedija uzima pirmasias tris vietas, po jy eina Siau-
rés Vakary, véliau — Vidurio Europa, o Piety Europos Salys — Ispanija, Portuga-
lijair Italija — uZima zemiausias vietas.

Kvantiliy regresija pagal momenty metoda (MMQR) parodé, kad SDG 8 ir SDG
9 pasizymi ypa¢ palankiu poveikiu finansy technologijy plétrai, ir patvirtino ju,
kaip tvariosios FinTech pazangos rodikliy, naudinguma. Ta¢iau neigiamos SDG
4 reikSmeés ir svyruojantis SDG 16 poveikis FinTech parodé, kad Siuos indeksus
reikia patobulinti, SDG 4 paliekant tik ,,Aukstojo i$silavinimo jgijimas (25-34
mety amZiaus gyventojai %), o i§ SDG 16 paSalinant neigiamg poveikj darantj
»Spaudos laisvés indeksg“. Taip pat tyrimas parodé, kad j SDG reikia integruoti
teigiamg poveikj daran¢ius SDG 7 komponentus.

Paskutinis darbo tyrimas — daugiakriteris finansy technologijy sektoriaus tvario-
sios plétros vertinimas patvirtino, kad FinTech, iSorinés PEST aplinkos ir SDG
rodikliai, sujungti j metodologija ir rodikliy saranka, yra tinkami tvariosios fi-
nansy technologijy sektoriaus plétrai vertinti valstybés lygmeniu, 0 energijos su-
vartojimas yra svarbus veiksnys.

Sioje disertacijoje pateikty tyrimy rezultaty praktiné reik§mé grindziama trimis
lygmenimis: valdZios, verslo ir visuomenés. Disertacijoje pristatyta kiekybinio
FinTech sektoriaus tvariosios plétros vertinimo nacionaliniu lygmeniu metodo-
logija ir rodikliy saranka gali lengvai pritaikyti nacionalinés reguliavimo institu-
cijos, sickdamos jvertinti sektoriaus plétros tvaruma, jskaitant jos stiprigsias ir
silpngsias puses. Tyrimo rezultatai taip pat gali biiti naudingi FinTech jmonéms,
nes leidzia racionaliai ir objektyviai jvertinti FinTech sektoriaus plétros tvarumag
pasirinktoje valstybéje. Tyrimo i§vados taip pat gali biiti naudingos visuomenei,
FinTech klientams ir naudotojams, nes tvarioji FinTech sektoriaus plétra skatina
skaitmening finansing jtrauktj visuomenéje. Sios disertacijos rezultaty praktiné
reik§mé apima FinTech sektoriaus tvariosios plétros skatinima, skaitmeninés fi-
nansinés jtraukties didinima, darnaus vystymosi tiksly siekimg ir pasaulio dar-
naus ekonomikos vystymosi skatinima.
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Annex A. Explanation of the indicators
FINTECH:
No. | Indicator Explanation of the indicator Source
1.1 | Mobile cellular sub- | Subscriptions to a public mobile tele- | World Bank
scriptions (per 100 phone service that provides access to
people) the PSTN using cellular technology.
1.2 | Individuals using the | Internet users are individuals who World Bank
Internet (% of the have used the Internet (from any loca-
population) tion) in the last 3 months. The Inter-
net can be used via a computer, mo-
bile phone, personal digital assistant,
games machine, digital TV, etc.
1.3 | Fixed broadband Fixed subscriptions to high-speed ac- | World Bank
subscriptions (per cess to the public Internet (a TCP/IP
100 people) connection) at downstream speeds
equal to, or greater than, 256 kbit/s. It
includes cable modem, DSL, fibre-to-
the-home/building, other fixed
(wired)-broadband subscriptions, sat-
ellite broadband and terrestrial fixed
wireless broadband.
1.4 | Domestic credit to Financial resources provided to the World Bank
the private sector by | private sector by other depository cor-
banks (% of GDP) porations (deposit-taking corporations
except central banks), such as through
loans, purchases of nonequity securi-
ties, and trade credits and other ac-
counts receivable, that establish a
claim for repayment.
1.5 | Financial Develop- The depth, access, and efficiency of International
ment Index financial institutions and financial Monetary
markets. Fund
FINTECH ENVIRONMENT:
No. | Indicator Explanation of the indicator Source
2.1 | Governance Results of core state areas and in- Global Sustaina-
2.2 vestments — infrastructure, market ble Competitive-
ness Index
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No. | Indicator Explanation of the indicator Source
and employment structure, the provi-
sion of a framework for sustained
and sustainable wealth generation.
Government size Government spending, tax burden, Index of Eco-
and fiscal health. nomic Freedom
Open Markets Trade freedom, investment freedom, | Index of Eco-
and financial freedom. nomic Freedom
Political globalisa- | Political globalisation characterises KOF Globalisa-
tion the diffusion of government policies | tion Index
and is measured using variables as
participation in UN Peacekeeping
missions and the number of embas-
sies. The presence of embassies im-
plies that foreigners are acting in
their home countries’ interest.
Regulatory effi- Business freedom, labour freedom, Index of Eco-
ciency monetary freedom. nomic Freedom
Rule of law Property rights, government integ- Index of Eco-
rity, and judicial effectiveness. nomic Freedom
2.3 | Inflation, GDP de- | Inflation as measured by the annual | World Bank
2.4 | flator (annual %) growth rate of the GDP implicit de-
flator shows the rate of price change
in the economy as a whole. The
GDP implicit deflator is the ratio of
GDP in current local currency to
GDP in constant local currency.
Economic globali- | Economic globalisation is meas- KOF Globalisa-
sation ured by the actual flows of trade, tion Index

foreign direct investment and portfo-
lio investment, as well as the re-
strictions applying to these flows.

Natural capital

The given natural environment in-
cludes the availability of resources
and the level of depletion of those
resources.

Global Sustaina-
ble Competitive-
ness Index

Resource intensity

The efficiency of using available re-
sources as a measurement of opera-

Global Sustaina-
ble Competitive-

tional competitiveness in a resource- | ness Index
constrained world.
Insurance and fi- Insurance and financial services World Bank

nancial services (%
of service imports,

cover various types of insurance pro-
vided to non-residents by resident
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No. | Indicator Explanation of the indicator Source
Balance of Pay- insurance enterprises and vice versa,
ments) and financial intermediary and auxil-
iary services (except those of insur-
ance enterprises and pension funds)
exchanged between residents and
non-residents.
Insurance and fi- Insurance and financial services World Bank
nancial services (% | cover various types of insurance pro-
of service exports, | vided to non-residents by resident
Balance of Pay- insurance enterprises and vice versa,
ments) and financial intermediary and auxil-
iary services (except those of insur-
ance enterprises and pension funds)
exchanged between residents and
non-residents.
2.5 | Population The total population is based on the | World Bank
2.6 de facto definition of population,
which counts all residents regardless
of legal status or citizenship.
Social capital Health, security, freedom, equality Global Sustaina-

and life satisfaction within a coun-
try.

ble Competitive-
ness Index

Intellectual capital

The capability to generate wealth
and jobs through innovation and

Global Sustaina-
ble Competitive-

value-added industries in the global- | ness Index
ised markets.
Social globalisation | Social globalisation expresses the KOF Globalisa-
spread of ideas, information, images | tion Index
and people and includes interper-
sonal, information and cultural glob-
alisation.
Labour force with The percentage of the working-age World Bank

advanced education

population with an advanced level of
education who are in the labour
force. Advanced education com-
prises short-cycle tertiary education,
a bachelor’s degree or equivalent ed-
ucation level, a master’s degree or
equivalent education level, or a doc-
toral degree or equivalent education
level, according to the International
Standard Classification of Education
2011 (ISCED 2011).
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No. | Indicator Explanation of the indicator Source
2.7 | Network Readiness | Measures the propensity for coun- World Eco-
2.8 tries to exploit the opportunities of- | nomic Forum

fered by information and communi-
cations technology.

E-Government De-
velopment

The state of E-Government Devel-
opment. Along with an assessment
of the website development patterns
in a country, it incorporates the ac-
cess characteristics, such as the in-
frastructure and educational levels,
to reflect how a country uses infor-
mation technologies to promote ac-
cess and inclusion of its people.

United Nations

E-Participation

E-information: enabling participa-
tion by providing citizens with pub-
lic information and access to infor-
mation without or upon demand; e-
consultation: engaging citizens in
contributions to and deliberation on
public policies and services; e-deci-
sion-making: empowering citizens
through co-design of policy options
and co-production of service compo-
nents and delivery modalities.

United Nations

High-technology High-technology exports are prod- World Bank
exports ucts with high R&D intensity, such
as in computers, scientific instru-
ments, and electrical machinery.
SUSTAINABLE DEVELOPMENT:
No. | Indicator Explanation of the indicator Source
3.1 | CO: emissions from | A measure of the carbon intensity of Sustainable
3.2 | fuel combustion per | energy production, calculated by divid- | Develop-
total electricity out- ing CO: emissions from fuel combus- ment Re-
put tion by electricity output. The data are | port
MtCO»/TWh reported in megatons per billion-kilo-

this indicator is a value of 0.

watt hours. The long-term objective for
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No. | Indicator Explanation of the indicator Source
Renewable energy The share of renewable energy in the Sustainable
share in total final total final energy consumption. Renew- | Develop-
energy consumption | able energy includes hydro, solid biofu- | ment Re-
(%) els, liquid biofuels, biogases, modern port
biomass, wind, solar, geothermal,
tide/wave/oceans and renewable mu-
nicipal waste. It does not include tradi-
tional biomass — local solid biomass re-
sources (e.g., wood, charcoal, dung,
agricultural residues) used in low-in-
come households that do not have ac-
cess to modern cooking fuels or tech-
nologies.
3.1 | Tertiary educational | The percentage of the population aged | Sustainable
3.2 | attainment 25 to 34 who have completed tertiary Develop-
education. ment Re-
port
3.3 | Adjusted GDP The growth rate of GDP adjusted to in- | Sustainable
3.4 | growth (%) come levels (where rich countries are Develop-
expected to grow less) and expressed ment Re-
relative to the average growth rate of port
high-income countries. The growth rate
over the last 3-year period was calcu-
lated.
Adults with an ac- The percentage of adults, 15 years and | Sustainable
count at a bank or older, who report having an account Develop-
other financial insti- | (by themselves or with someone else) ment Re-
tution or with a mo- at a bank or another type of financial port
bile-money-service institution, or who have personally
provider (% of the used a mobile money service within the
population aged 15 past 12 months.
or over)
Employment-to-pop- | The ratio of the employed to the work- | Sustainable
ulation ratio (%) ing age population. Employed people Develop-
are those aged 15 or older who were in | ment Re-
paid employment or self-employed dur- | port
ing a specified period. The working-
age population refers to people aged 15
to 64.
Youth not in employ- | The percentage of young people who Sustainable
ment, education or are not in employment, education or Develop-
training (NEET) (% | training (NEET). Education includes ment Re-
port
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No. | Indicator Explanation of the indicator Source
of the population part-time or full-time education but ex-
aged 15 to 24) cludes those in non-formal education
and in educational activities of very
short duration. Employment is defined
according to the ILO Guidelines and
covers all those who have been in paid
work for at least one hour in the refer-
ence week or were temporarily absent
from such work.
3.5 | Expenditure on re- Gross domestic expenditure on scien- Sustainable
3.6 | search and develop- tific research and experimental devel- Develop-
ment (% of GDP) opment (R&D) expressed as a percent- | ment Re-
age of Gross Domestic Product (GDP). | port
The Times Higher The average score of the top three uni- | Sustainable
Education Universi- | versities in each country that are listed Develop-
ties Ranking: Aver- in the global top 1,000 universities in ment Re-
age score of top 3 the world. For countries with at least port
universities (worst 0— | one university on the list, only the
100 best) score of the ranked university was con-
sidered.
Researchers (per The number of researchers per thou- Sustainable
1,000 employed pop- | sand employed people. Researchers are | Develop-
ulation) professionals engaged in the concep- ment Re-
tion or creation of new knowledge, port
products, processes, methods and sys-
tems, as well as in the management of
the projects concerned.
Triadic patent fami- | A triadic patent family is defined as a Sustainable
lies filed (per million | set of patents registered in various Develop-
population) countries (i.e., patent offices) to protect | ment Re-
the same invention. Triadic patent fam- | port
ilies are a set of patents filed at three of
these major patent offices: the Euro-
pean Patent Office (EPO), the Japan
Patent Office (JPO) and the United
States Patent and Trademark Office
(USPTO). The number of triadic patent
families is “nowcast” for timeliness.
3.7 | Crime is effectively Measures whether perpetrators of Sustainable
3.8 | controlled crimes are effectively apprehended and | Develop-
charged. It also measures whether po- ment Re-
lice, investigators, and prosecutors port
have adequate resources, are free of
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No. | Indicator Explanation of the indicator Source
corruption, and perform their duties
competently.
Corruption Percep- The perceived levels of public sector Sustainable
tions Index corruption, on a scale from 0 (highest Develop-
level of perceived corruption) to 100 ment Re-
(lowest level of perceived corruption). | port
The CPI aggregates data from a num-
ber of different sources that provide
perceptions of businesspeople and
country experts.
Timeliness of admin- | Measures whether administrative pro- Sustainable
istrative proceedings | ceedings at the national and local levels | Develop-
are conducted without unreasonable de- | ment Re-
lay. port
3.9 | Tertiary educational The percentage of the population aged Sustainable
3.10 | attainment 25 to 34 who have completed tertiary Develop-
education. ment Re-
port
ENERGY CONSUMPTION:
No. | Indicator Explanation of the indicator Source
5.1 | Final energy con- Final energy consumption covers the Eurostat
5.2 | sumption by other energy consumption of end-users, such
5.3 | sectors —commercial | as industry and services. It excludes

and public services —
energy use

consumption of the energy sector itself
and losses occurring during the trans-
formation and distribution of energy. It
also excludes all non-energy use of en-
ergy carriers.
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