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Abstract: This research probes into the digital transformation shifts in Romania and sets them against
a backdrop of certain EU countries. Its primary objective is to spotlight digitalization’s significance
and assess its level of integration within the Romanian banking landscape. Our approach relies on a
detailed examination of the adoption of digital banking instruments in Romania through correlation
and ANOVA assessments. The ANOVA analysis of the DESI index and its associated dimensions
reveals how Romania’s digital transformation stands in relation to other EU member states. Our
findings emphasize the numerous advantages Romanian banks have garnered from increasingly
embracing digital innovations and artificial technologies. These perks span from optimized operations
and efficiency to enhanced customer experiences and a sharpened competitive advantage. The
research indicates a strong positive correlation between a bank’s return on assets and its liquid
assets to deposits and short-term funding ratios. This suggests that as digital integration deepens,
there is a marked upturn in financial robustness. Additionally, the study sheds light on the perks of
individuals adopting digital banking offerings and delves into factors that propel and impede the
digital evolution in the banking arena. Overall, this paper presents valuable insights into Romania’s
digital banking trajectory and the sector’s long-term viability.

Keywords: digitalization; banking industry; Romania; innovation; financial inclusion

1. Introduction

Digitalization in banking means integration and adoption of digital and latest technol-
ogy to enhance operational capacity and performance, delivering better and faster customer
services, and paperless transactions through different banking applications [1].

Previous studies in the banking field have shown that digitalization in the banking
industry revolutionizes the operationalization of overall financial institutions [2]. Digital
banking helps improve customer relationships and banking processes, providing a better
experience for both customers and employees. Therefore, the performance of financial
institutions enhanced dramatically all around the world. Romania is also transforming its
banking industry to digital banking by adopting emerging technologies and innovations.

Other studies discussing the issue of banking digitalization acknowledge that new
technologies will also further improve the quality of services and intensify the growth in
the banking sector, as well as the economic growth of the country [3,4]. Banking automation
and digitalization will continue due to ongoing innovation in the banking system and
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also due to pressure from adjacent industries competing with the banking system in
various segments.

Considering the COVID-19 epidemic effects, the traditional banking strategy has
also been shaken. The crisis emphasized that it is no longer profitable to use traditional
banking and therefore, it is required to rely on digital banking. As the pandemic accelerated
the automation and digitalization of various processes in different market segments [2,5],
the efforts for digital banking become faster than before, in order to embrace the new
normal [6].

Artificial intelligence has also forced the banking sector to move forward with digital
banking. The new methods of machine and deep learning enable banking and financial
organizations to perform better and enhance their capabilities for devising investment
strategies in profitable securities and instruments. Connectivity, automation, Big Data,
and innovation are the directions in which digital banking will influence the way value is
created in banking [7].

Understanding customer expectations forces banks to adapt their products and ser-
vices. Interestingly, in Romania, the key component to be addressed in the development
of financial services (in the post-Soviet context) is financial anxiety. Unlike in Western
countries, in Central, Eastern, and South-Eastern Europe (CESEE), financial education is
not always a panacea. In addition, financial security is not always the most important
goal for consumers [8]. Therefore, other parties should be involved in the digitalization of
the banking sector in Romania, such as the Romanian Government, the European Union,
the World Bank, and some other financial institutions that are interested in stimulating
the banking industry of Romania to behave digitally. Government stability and public
authority initiatives can generate trust in the banking sector and moreover, political events
can also have an impact on the financial markets [9]. Without government involvement,
no policy can be implemented in any sector, so the suggestions for making policies and
strategies by the Romanian Government for the adoption and transformation of a digital
environment in the banking sector will be discussed further.

In this scenario, the goal of the current study is to scrutinize and understand the
evolution of digitalization within the Romanian banking sector. We will introduce and
discuss the new digital avenues of banking that have emerged in Romania, outlining their
functional and operational procedures, as well as identifying the facilitators and obstacles
encountered in the digitalization journey. Furthermore, given that individuals or customers
constitute the central element in the banking sector, this paper intends to examine their
attitudes towards digitalization, considering factors such as public accessibility to digital
amenities (like the Internet and smartphones), customer familiarity with digital banking
mediums, and the usage patterns of digital banking applications.

Proceeding forward, this research paper will inaugurate with an extensive and detailed
literature review, which leans heavily on prior research pertaining to digital banking,
with a special emphasis on the Romanian digital banking environment. Following the
literature review section, we will articulate the hypotheses that guide this study. The
methodology will delineate the research design, encompassing elements such as data
collection procedures, data preparation, and the methods and techniques implemented for
data analysis in this study. The section dedicated to data analysis and results will elucidate
the research outcomes derived from the amassed data.

In the ensuing discussion segment, we will map the results in alignment with the
insights garnered from the literature review. To conclude, the final segment will encapsulate
the comprehensive findings of the study, offering pertinent recommendations to enhance
the degree of digitalization in the Romanian banking sector.
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2. Literature Review
2.1. Improved Banking Services through Digitalization

Digitalization involves transforming analog data into digital format and strategically
integrating digital technologies into diverse areas such as business, societal structures, and
everyday life [10].

The word “digitalization” is used by organizations, science, and media as a progress
towards an integrated digital infrastructure [11]. The swift progression of technology has
revolutionized not just the digital aspects of banking but also reshaped general business
approaches and ways of engaging with customers [12]. Nowadays, companies belonging
to a handful of different industries understand that making the switch towards a digi-
talized business model is a major challenge with a substantial impact on the ways they
operate, plan, and forecast ahead [13-15]. A study conducted by Duan and Xiong [16]
sustains their hypothesis that high-performing organizations are nearly five times more
likely to rely on concrete data analytics rather than intuition compared to their lower
performing counterparts. This assigns a heavy weight to the overall importance of data
and digitalization.

The previous literature on digital transformation has primarily discussed changes in
consumer behavior, strategic responses, dynamic capabilities, the value of creation, and the
usage of digital technologies [17].

The primary goal of an integrated digital transformation business strategy in the
banking sector is to delight customers by taking a customer-focused approach. This
objective can be achieved by introducing cutting-edge digital products and services, as
well as digitally enhancing current offerings [14]. Secondly, the rapid advancement of
digitalization has offered the potential for cost reduction in data production and analysis
and has enhanced the potential to not only streamline administrative processes but also
enhance transparency and accountability [18].

Yet, the World Bank Organization (2021) recognizes that the advances in digitalization
and data analytics offer a unique chance for parent-teacher organizations and individual
stakeholders to engage more effectively with educational institutions, thereby elevating
their accountability and responsiveness [18]. Thereby, organizations advancing digitaliza-
tion will enable revenue optimization through cost reduction, but also positively influence
the quality of education within applied sectors. This level of digital integration feasibility
can also be assessed by banks, their internal organization, or the IT system [19,20].

The advent of digitalization is transforming the habits and preferences of banking
customers. Increasingly, clients are accessing digital banking services through apps and
machines without constraints of time or location. There is no doubt that technology plays a
pivotal role in this context. The introduction of mobile banking not only simplifies how
customers engage with financial institutions but also streamlines the banks’ operational
processes. As a result, digital banking services are being seamlessly managed through
mobile technology [21].

Digital banking, including e-banking and mobile banking, enhances the efficiency and
effectiveness of bank operations, thanks in part to customer engagement in digital services.
Clients can now carry out financial transactions on their own, utilizing smartphones or
personal digital devices, wherever and whenever required. A strategy focused on the
digitalization of banking services represents one of the most recent and groundbreaking
technological advancements in the banking sector [22,23].

Advancements in communication systems have been significant, ranging from tele-
graphs and written letters to video conferencing and conventional phone calls. Each has
been instrumental in the digital transformation of the banking industry. From its incep-
tion, the banking sector has leveraged technology for transactions, initially via traditional
banking channels across various branches. Customers utilized call centers and automated
teller machines (ATMs), which were later supplemented by Internet banking and mobile
devices for conducting transactions. These technological innovations have empowered the
banking industry to transcend geographical limitations, enhancing channels for capital
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distribution and ultimately contributing to greater efficiency and profitability for banks.
Developments in social media and innovations of the latest socializing applications take
the digital banking economy to the next level [21]. In this way, digital social networks are
influencing the banking sector. Social media applications and platforms such as Facebook,
Twitter, YouTube, and LinkedIn have strengthened shared communication on the Internet
and enabled the banks to develop new business models by taking customer surveys and
utilizing other demographical, qualitative, and quantitative data.

Another revolution in banking technology is the financial software and tools supplied
by FinTech organizations. As Vives (2019) proves in his analysis, in this evolving landscape,
the financial sector cannot help but be affected, with both investors and entrepreneurs
anticipating that financial services will leverage innovation to address inefficiencies that
have arisen post-crisis [24]. Other researchers argue that this represents a shift from the
traditional status quo. In this context, the term “financial technology”, more widely known
as “FinTech”, has come to encapsulate the role of technology in the field [25]. These tools are
very innovative, flexible, reliable, and adaptable. In the beginning, FinTech solutions were
seen as a threat to the banking sector, but they also made the industry more competitive
through an increased competency level and intensification of highly qualified human
capital that shaped this new model [21].

The transformation of digital technologies uses innovations such as cloud-based
applications and big data. The concept of big data is intriguing and moves the banking
businesses to the next level [26]. Furthermore, the advancement in technologies also
enables the authorities to make changes regarding the regulations and policies applied in
the banking sector. These regulations are also applied to FinTech organizations to secure
the clients” data as they are the main players in banking digitalization. The cooperation
between banks and FinTech companies helps the latter to create more competitive financial
service products with the latest technologies and at a higher quality.

The importance of digitalization and artificial intelligence cannot be overstated in
today’s world. The manufacturing sector is moving towards the fourth-generation industry,
also known as Industry 4.0 or the Fourth Industrial Revolution, which is defined as a
new level of organization and control over the entire value chain of a product’s life cycle
and is focused on meeting increasingly specific customer needs. Talking about big data,
technology, cyber security, the Internet of Things (IoT), and other topics is what Industry
4.0 is all about [27,28].

Although there are many opportunities presented by digital transformation in the
banking industry, there are also several problems arising. Simple methods for carrying
out many financial transactions as part of the banking industry’s digital transition include
mobile banking and online banking. Customers gain from these services, but they also face
substantial challenges due to the threat and potential for cyberattacks. The digital revolution
of the banking industry has created several important issues, including cyberattacks,
financial fraud, hacking, phishing, and security awareness. Customers’ understanding of
cybersecurity may often be more ambiguous in several respects. While utilizing the digital
platforms of the banks, they must be aware of safe technological practices. Banks’ customers
are increasingly becoming digital/cyber literate to cope with cyberattacks, phishing, and
hacking, a huge obstacle for the banking industry [29].

2.2. Digitalization in the Romanian Banking System

Mobile phone usage has surpassed PC usage for accessing online banking services,
facilitated by rapid advancements in mobile telephony and the Internet. These technologies
have simplified the use of banking services. However, despite being a key engine of
Romania’s economy, the banking sector has not reaped substantial benefits from this trend
towards digitalization. Therefore, although the use of the Internet is widespread in homes
and everybody has access to networks with fast speeds and inexpensive rates, it is mostly
used for communication and rarely to access online banking services [30].
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In Romania, the banking industry has a commendable level of digitalization (Table 1),
demonstrating 60% of banking industry services being completely digitalized, and suggest-
ing noteworthy growth in online banking competencies. On the other hand, the apparel
sector indicates moderate digitalization with a proportion of 51%, signifying intense online
shopping. The sector of groceries is lagging behind with a proportion of 33% of the industry,
indicating a limited adoption of online shopping in this sector. The travel and entertain-
ment sectors are using digitalization, revealing a strong and sound dependence on digital
platforms. Table 1 shows the behavior of the Romanian population in 2022, highlighting the
way they act when making transactions in different sectors. Some people made only fully
digital payments, only physical payments, or only digital with human assistance payments,
but some of them made both fully digital and physical transactions or digital with human
assistance and fully digital operations. Overall, this data highlights the varying degrees
of digitalization across industries in Romania and how these industries are directly or
indirectly using digital banking for the provision of digital services to their customers.

Table 1. Digitalization per industry in Romania 2022.

Sector Fully Digital Physical Digital with Human Assistance
Banking 60% 19% 13%
Groceries 33% 58% 90%
Apparel 51% 37% 12%
Entertainment 88% 40% 70%
Travel 69% 12% 19%

Source: Romanian Banks Association [31].

In regard to the financial industry, this has the potential to positively benefit overall
financial inclusion. For instance, Transylvania Bank, one of Romania’s leading financial and
banking organizations by market capitalization, announced in 2022 that its move towards
digital transformation has produced favorable outcomes. These benefits extend beyond
economic gains to include positive environmental effects and advantages for the wider
community. This digital shift has revolutionized how they provide financial services and
interact with both current and potential customers [32]. Based on the positive impact,
the bank has begun the journey to create Romania’s inaugural entirely digital bank, built
around “Idea Bank”, a component of the group acquired in 2021. Environmental concerns
and technological progress are the two biggest trends; therefore, banks in Romania focused
on green loans [33].

Another key tool for digitalization is a strong online presence. Banks are leveraging
social media platforms and apps to target specific audiences, not just for marketing strate-
gies but also to cultivate customer relationships. The majority of commercial banks are
engaging with their customers through various social media channels [34].

The data provided by Statista [35] shows us that 70% of Romanians use contactless
bankcards, representing an acceptance of this payment method at a larger level. The sec-
ond place is occupied by mobile banking apps with 65% of Romanians accessing banking
services through their mobile phones or smartphones. Internet banking also has a signif-
icant impact on the use of digital banking with 53%, indicating a preference for access
to online financial services. While mobile smartwatch payments and Revolut bank cards
have adoption rates of 31% and 25%, respectively, these are less used as compared to other
digital choices. Digital signatures have 11% usage and consultation with bank staff through
messenger applications have comparatively poorer adoption rates, standing at 11% and
8%, respectively. Overall, the analysis reveals a significant level of digitalization in the
Romanian Banking Industry (Figure 1) but also highlights the variations in acceptance of
different digital financial products and services.
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Figure 1. Romanians’ use of digital financial products and services (%). Source: adapted by authors
based on Statista data [35].

A study made by PPRO [36], a company specializing in digital payments infrastructure
to banks and businesses revealed that, comparing the population’s usage of digital payment
cards and devices (Figure 2), Romania has a somehow lower banked population of 63%
compared to the world average of 67% and Eastern Europe and the CIS region at 72%. This
shows that there still can be improvements to ensure the higher Romanian population has
access to banking services. Moreover, credit card usage in Romania is particularly lower at
14% compared to the global average of 19% and Eastern Europe and the CIS region at 22%.
Therefore, credit card penetration is less dominant in Romania, giving an opportunity for
the development of this sector of banking.

Smartphone penetration “
intemetpenetration [MMMMMGIMMMNS @ 8 &
Credit card penetration [JElN22 0 19
Banked population |G e

0 50 100 150 200 250

mRomania = Eastern Europe & the CIS = World

Figure 2. Comparative digital banking cards and smartphone usage in Romania (%). Source: adapted
by authors based on PPRO study [36].

The prevalence of card usage in Romania is not significantly influenced by govern-
mental policies, given the substantial number of employees who continue to receive their
salaries in cash. Additionally, despite the option for the elderly to receive their pensions
via card transactions, a considerable segment opts for cash disbursements through postal
services. Therefore, personal preferences and prevailing business customs substantially
dictate the dynamics of the payment environment.

On the other hand, Romania faced a larger Internet penetration rate of 71%, surpassing
the global average of 62% and right behind Eastern Europe and the CIS region’s average
of 78%. This proposes that a greater amount of the Romanian population has access to
Internet services, creating favorable and promising circumstances for the adoption of
digital payment solutions in the Romanian banking industry. Lastly, with a smartphone
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and mobile penetration rate of 64%, Romania is just behind the world average and on par
with Eastern Europe and the CIS region. This indicates that a noteworthy percentage of the
Romanian population keeps smartphones, which serve as an important and necessary tool
for accessing digital payment services. Shortly, while Romania lags behind in credit card
penetration, the higher smartphone and Internet proportions of the Romanian population
indicate the potential for further growth in the digital banking payment ecosystem of
the country.

The study made by PPRO [36] on e-commerce payments in Romania using digital
means as compared to other methods (Figure 3) reveals the predominant approaches used
by customers. Almost 23% of e-commerce transactions are performed by using digital
wallets, indicating a substantial adoption of these useful and protected online payment
platforms. Card-based payments represent 26% of total e-commerce transactions, indicating
a liking for debit or credit card utilization in online shopping. Bank transfers account for
19% of payments, suggesting a significant portion of the Romanian population opting for
direct fund transfers from their bank accounts using the Internet.

Other
1%
Wallet
23%
Cash Based
31%
Card Based
Bank Transfer 26%
19%

Figure 3. Payment methods in e-commerce (%). Source: adapted by authors based on PPRO
study [36].

Even though Romania currently lags behind the EU average in the Innovation Index,
its growing economy and support for entrepreneurship suggest that it has the capacity
to be a significant player in the digital economy. Small- and medium-sized enterprises
(SMEs) in Romania should weigh both the benefits and challenges posed by the country’s
business environment when strategizing for digital advancement and innovation [37]. In
terms of innovation scores, Romania averaged 27.27 points from 2011-2022, with a low
of 34.1 points in 2022 (ranking 49th among 132 countries in the GII Global Innovation
Index 0-100 points) and a high of 40.3 points in 2013 (ranking 48th out of 142 countries).
By contrast, Poland’s average score for the same period was 40.16, ranging from 37.5
(ranking 38th out of 132 countries) in 2022 to 42 in 2017 (ranking 38th out of 127 countries).
Hungary averaged 44.08 points, with a 2022 low of 39.8 (ranking 34th out of 132 countries)
and a 2011 high of 48.1 (ranking 25th out of 125 countries), according to WIPO (World
Intellectual Property Organization) [38]. On the other hand, the countries that achieved the
highest innovation scores in 2022 were, in descending order, Switzerland, the US, Sweden,
the UK, and the Netherlands, with scores ranging from 64.6 for Switzerland to 58.0 for
the Netherlands.

Similarly, Table 1 directly highlights the capability of the banking sector to improve
its innovation index in the future as part of one of the measuring criteria. Advancements
in digital transformation have the potential to elevate Romania’s banking sector to new
heights in the years to come. Banks are increasingly adopting innovative products, ser-
vices, and business models through digital means. Although achieving sustainable digital
transformation is a lengthy process, banks are gradually implementing this approach to for-
mulate enduring strategies. Digitalization and automation are also reshaping the banking
infrastructure and the network of regional branches, further enabling Romania to integrate
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more technological innovations [39]. For instance, ING Bank has fully digitalized bank
branches, without any employees.

In the future, the multitude of bank branches will be reduced, and modernization,
innovation, and digitalization will be the solutions to easily make the transition from
traditional banking to digital banking [40].

The volume of electronically processed payment operations is slowly increasing every
year in Romania (Table 2). In 2017, there were 91.45 million operations, which grew to 173.6
million in 2022. The values of transactions in Euro and Lei also show improvement, with
growing amounts being credited to the accounts of both legal entities and individuals. It
is a sign of larger adoption and reliance on electronic payments through digital modes
of payments in Romania’s financial landscape. The data were collected from Transfond,
the owner and operator of the Automated Clearing House for interbank commercial
payments [41].

Table 2. Volume of electronically processed payments in Romania (no. of transactions).

SENT Multiple Change SENT Instant Ch o SENT Multiple Change (%,

Year Payment (%, Year b Payment ange (%, Payment Year b
Y : ’ y Y . Year by Year) y y

Component Lei Year) Component Lei Component Euro Year)
2017 91,450,060 n/a n/a n/a 518,224 n/a
2018 105,886,325 15.78 n/a n/a 614,138 18.50
2019 119,412,086 12.77 58,515 n/a 767,413 24.95
2020 135,272,184 13.28 720,010 1130.47 911,143 15.77
2021 161,890,262 19.67 3,007,264 317.66 1,133,378 19.60
2022 173,600,173 7.23 13,502,114 348.98 1,245,420 8.99

Source: Transfond [41].

During the COVID-19 pandemic, the Romanian banking sector appeared solid in
terms of financial soundness, compared to the average of the European Union banking
sector, but the delay in digital user adoption in Romania has had a slightly negative impact
on the Romanian banking industry. Although banks realized that digitalization is no longer
optional to growth, there has been a significant lag between consumer adoption levels [39].
The lingering question is, how can we boost the adoption of digital technology at the
national level?

Monitoring customer trust in Romania’s banking sector is crucial, given the traditional
financing models and the continued low levels of financial intermediation. Building trust
requires offering customized, comprehensive banking services while also meeting the
demand for various banking products and services. Additionally, trust can be fostered
through greater financial and social inclusion, in line with the requirements of the European
Cohesion Policy [42].

In Romania, the banking infrastructure has undergone significant changes as the
sector has transitioned to digital integration. When it comes to prudential regulation, the
Romanian banking system ranks highly in European comparisons. The establishment of
robust and cautious management systems enhances the sector’s ability to manage risks
effectively [39].

2.3. Financial Inclusion and DESI

The concept of financial inclusion is the idea that people and businesses have access
to secured financial products and services that are customer-oriented and provided in a
rational and sustainable way [39]. But financial inclusion is a much broader topic, which
includes not only access to these services, but also issues related to financial education,
quality of life, economic welfare, and macroeconomic development of the economy.

The need to reevaluate educational frameworks to align with the digital age is increas-
ingly important, making human capital investments more essential than ever [43]. Often,
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Romania’s educational system places more emphasis on equipping students for current
and past job markets, rather than preparing them for future career opportunities [37].

Financial inclusion is also promoted by the most important institutions such as the
World Bank and International Monetary Fund as a strategy for development coopera-
tion [44—46] and it is believed that digital innovations promote higher financial inclusion
levels [15,47]. Additionally, it has encouraged all financial institutions to collaborate and
communicate through digital platforms, redefining the added value [48,49]. Thus, the
economic development of the country can also be evaluated through the assessment of
the digital services offered by banks, companies, or state institutions [47]. Other authors
believe that digital financial inclusion will lead to the development of the informal economy
and will also reduce poverty rates [50].

To increase the level of digitalization or to avoid crises of any kind, government in-
volvement through its authorities in an emerging market, such as Romania, should be
mandatory [51]. A survey’s findings showed a noticeable rise in the use of digital services
throughout the pandemic, with most respondents agreeing that they had a better perfor-
mance using digital than traditional banking services. Additionally, since the complexity
of customer purchasing decisions has increased, price is no longer the sole determining
factor [52]. This is another strong argument for placing the customer at the center of the
development process [53].

As much for policymakers as well as for commercial bank executives, assessing and
responding to the risks of a digitalized financial services environment is a challenge [54].
As a result of digital disruption, businesses are undergoing profound changes worldwide,
creating new opportunities and putting behind long-lasting business models [55].

A recent study carried out by the Romanian Banks Association with the support of the
Romanian Banking Institute, regarding the degree of financial inclusion, shows that the
reasons why Romanians do not yet want to open a bank account are: “the desire not to track
income/expenses, the lack of usefulness of an account, reduced income and the collection
of income in cash” [31]. In this situation, there is a necessity to formulate a national legal
framework to induce and stimulate bank account opening, and the use of digital services
by discouraging cash payments. It is very important to promote the digitalization of the
banking process by delivering online services for opening bank accounts through video
call identification, as recently completed by some of the Romanian banks. Moreover, as
per another study carried out by McKinsey & Co. (Bucharest, Romania), the Romanian
banking industry has emerged as a leader in the digital services offered but is “still lagging
behind due to the gap between ICT and Digital Challengers Countries”, but the study’s
predictions state that the digital economy will triple its value until 2030, as the digital
usage will continue to grow [56]. Nevertheless, banks should consider the importance of
digital activities that must be adopted to improve processes and performance and face the
competitive market [57,58].

DESI is a composite index that measures and tracks the digital transformation trends,
using the following dimensions: connectivity, human capital, digital technology integration,
Internet usage, and digital public services. DESI Index allows us to make a general
performance assessment monitor its progress over time and consider which areas can
be improved in the future [59].

The index evaluates the digital infrastructure of a region, including the availability
of fast and ultrafast broadband Internet. A well-established digital infrastructure is a
prerequisite for digital transformation in banks as it enables seamless online banking
experiences. DESI measures the digital skills of the population. A population with higher
digital literacy is more likely to adapt to and benefit from the digital transformations in the
banking sector, such as using mobile banking apps or online banking services efficiently.

The DESI index assesses how well businesses are integrating digital technology into
their operations. For banks, this can mean the implementation of digital solutions, such as
Al for customer service, data analytics for personalized services, or blockchain for secure
and transparent transactions.
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The DESI also considers the digitization of public services. When banks digitally
transform, they often collaborate with or complement digital public services, creating a
more interconnected and efficient digital ecosystem.

As banks digitally transform, they facilitate and support an increase in e-commerce
and other online activities, which are components measured by the DESI. For instance,
through the provision of secure online payment systems.

DESI includes an evaluation of R&D in the digital sector. Banks involved in digital
transformation often invest in R&D to develop new technologies and solutions, which can
contribute to a higher DESI score for a region.

A study conducted by Skare et al. [60] using the DESI to investigate the link between
digital transformation and SMEs” access to finance agrees that business risks appear when
EU SMEs have limited access to finance. Access to finance for low-income individuals
and SMEs is strongly related to digital transformation in the FinTech sector; therefore,
promoting financial inclusion is mandatory [61]. Therefore, digital finance is increasing the
financial inclusion of SMEs [62].

Another study using DESI to assess digitalization in the financial sector states that
digital transformation exerts a positive and statistically meaningful influence on the growth
and evolution of financial markets and establishments. Emphasizing the various facets
of digitalization, the study underlines the significant impact of human capital proficient
in digital skills, as well as the realms of e-business, e-commerce, and e-government in
amplifying the complexity and effectiveness of financial processes. The analysis delineates
the immediate and prolonged repercussions of digitalization, illustrating that both e-
commerce and e-government harbor a sustained positive effect on financial markets and
institutions, respectively, over a long duration [63].

2.4. Research Motivations

The primary incentives for conducting this research include achieving cost-efficiency
that benefits both banks and customers and streamlining transaction processing and cus-
tomer inquiries through automation, which not only potentially diminishes the necessity
for extensive human resources but can also minimize expenses for customers.

The COVID-19 pandemic hastened the uptake of digital banking alternatives, as
conducting banking activities in person turned challenging or risky. Banks had to quickly
adapt to remote operations, online customer engagements, and contactless transactions to
safeguard the uninterrupted flow of business operations.

Digital banking has the potential to facilitate financial inclusion for the unbanked
or under-banked segments of the Romanian population. By leveraging online services
and mobile banking solutions, banks can expand their reach to underserved or remote
areas, fostering greater accessibility to financial services. The transition to digital banking
is essential in a competitive landscape to draw in new clientele. Banks are swayed by
worldwide financial and technological trends. Staying abreast of these developments is
vital for maintaining a competitive edge internationally.

Studying the correlation between Z-scores and other financial metrics in the banking
sector is vital for financial stability and liquidity management [64], investment strategy
and policy formulation, performance evaluation, strategic planning, and innovation; hence,
banks can innovate and adapt their business strategies to enhance their performance met-
rics, thereby potentially improving their Z-scores. Analyzing the correlation between the
Globalization Index and various financial variables is pivotal in comprehending the broader
impact of globalization on the banking sector, helping various stakeholders, including
banks, investors, and policymakers, in making informed decisions and strategies.

By looking at a country’s DESI score, one can obtain an indication of how ripe the
environment is for digital transformation in the banking sector, and how well such trans-
formations might be received by the population and integrated into the broader digital
economy. DESI evaluates the availability of fast broadband Internet, measures the digital
skills of the population, assesses how businesses are integrating digital technology into
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their operations, considers the digitalization of public services which are often linked to
digital banking transformation, and evaluates R&D in the digital sector, which is a must
for banks. An ANOVA analysis of DESI would offer multifaceted insights into the digital
transformation landscape of the Romanian banking sector within a broader European con-
text, aiding in informed decision-making, strategy formulation, and fostering innovation
and growth.

2.5. Research Gap

In light of the existing body of literature, numerous studies have been conducted
on the digital transformation of the banking sector. However, there seems to be a gap
in research when understanding the risk, performance, and stability of the Romanian
banking system. Few studies were conducted on this topic, so we identified it as missing
information. Our analysis uses more indicators to gain a better understanding and access
complementary information. Furthermore, the utilization of variance analyses using
the DESI aims to examine the disparities across various European nations, emphasizing
Romania, to illustrate the impact of digitalization more distinctly on bank performance.
This understanding is vital in facilitating informed decisions and fostering a robust financial
landscape. DESI was not primarily designed to evaluate the digitalization of the banking
sector, but it can certainly be leveraged in research to offer valuable insights into the broader
digital economy and society, thus indirectly aiding in assessing the digital readiness and
performance of the banking sector.

Consequently, this study aims to address a perceived gap in the existing literature.
It conducts an analysis not merely based on banking performance metrics, but also by
contrasting the DESI of various European countries with that of Romania.

The ongoing research has established the following research questions:

1. Which variables are correlated with the stability of the banking sector? It is projected
that with the escalation in digitalization, there will be a corresponding increase in the
efficacy, efficiency, and performance of banking operations. Some studies revealed
that digitalization is linked to the amount of net commission income in the case of
large banks [2], and also, as online and mobile banking transactions grow, they have
an impact on net profit [7], and the use of digital services increases the perceived
usefulness and trust in the banking sector [23]. When considering the influence of
digitalization on performance, it is important to observe that the heightened utilization
of Internet banking and the increased security of bank servers have had a positive
impact on the performance of banks, measured by ROA and ROE [5,57].

2. Is there a discernible relationship between economic growth and levels of digitaliza-
tion? It is hypothesized that regions or nations with advanced levels of digitalization
will witness improved economic outcomes, including heightened GDP growth and
augmented production. Understanding the dynamics of global economic growth
with respect to the digitization of the financial sector is crucial [3]. Enhancing finan-
cial accessibility has a positive impact on economic growth, while simply having
greater access to banking services does not necessarily spur economic growth [40].
Digitalization in the banking sector is correlated with a positive increase in GDP
per capita, indicating that digital financial inclusion has the potential to expedite
economic growth [46]. The digital economy has played a significant role in fostering
economic growth in Central and Eastern Europe [56,57].

3. Material and Methods

This chapter outlines the techniques used to collect, prepare, and analyze the data in
this research. Figure 4 also outlines the whole process using a line diagram.
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Figure 4. Research methodology scheme.

Data Collection. The data were collected from various online resources that are publicly
available and from some paid databases to ensure comprehensive reporting of digital
and banking indicators. Online databases, the Global Economy website, the National
Bank of Romania, Transfond annual reports, Mc Kinsey reports, and the World Bank
were used as secondary data sources in order to meet our research objective, as they
are reliable and up-to-date.

Data Study. After the collection of data, a careful review was made to ensure its
accuracy and relevance to the research. Any outlier in the data or missing data has
been rectified to maintain its integrity. The data were organized in such a way that it
can be used for further analysis.

Data Analysis. Microsoft Excel was employed for data analysis as the primary tool,
together with the following analysis method.

Descriptive Analysis. An analysis of descriptive statistics was performed to describe
and summarize major characteristics and insights of the collected data.

Trend Analysis Data Visualization. To see the historical patterns and trends in the
data and changes over time, a trend analysis was conducted using MS Excel 16.0.
Different visualization techniques such as line graphs and bar and pie charts were
employed to present the trends efficiently, enabling the identification of possible future
developments and directions.

Comparative Analysis. To compare different variables of country groups, comparative
analysis was performed within the dataset. This analysis involved identifying similar-
ities, differences, and patterns between different digital and banking indicators with
the help of MS Excel.

Correlation Analysis. To observe the associations between various digital and banking
indicators, correlation analysis was conducted. To assess the strength and trend of the
associations, correlation coefficients were calculated. Interdependencies among the
variables have been also reflected through these analyses to monitor patterns. The
study was conducted for 21 years of data points, from 2000-2020.

Regression Analysis. It is employed to investigate the influence of various variables
on the financial stability of the banking sector in Romania. The variables used in the
analysis were consistent with those in the correlation analysis and covered the same
time period.

ANOVA. One-way analysis of variance (ANOVA) test has been performed to analyze
differences in digital indicators for 7 European countries: Bulgaria, Croatia, Hungary,
Poland, Romania, Slovak Republic, and Slovenia, for the period 2017-2022. Data were
collected from the European Commission, using the 4 dimensions of the DESI Index.
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3.1. Significances of ANOVA

ANOVA, or analysis of variance, is a statistical analysis technique that is used to
investigate the differences among group means in a sample. It assesses whether there
are statistically significant differences between the means of three or more independent
(unrelated) groups.

Conducting an ANOVA allows us to assess how Romania stands in terms of digital
transformation compared to other European countries, which can offer key insights into
the areas where Romania is excelling or lagging. The results could have implications for
policymaking, potentially guiding efforts to foster a more favorable environment for digital
transformation in the Romanian banking sector, based on best practices or lessons learned
from other countries.

ANOVA can help identify if there are statistically significant differences across different
countries, which can provide a broader understanding of the digitalization progress in the
European region.

For the Romanian banking sector, understanding how they fare in the DESI can guide
resource allocation, helping to focus efforts on areas where improvement is requested.

The analysis can act as a stimulus for innovation by highlighting the areas where there
is significant variation between countries, potentially identifying untapped opportunities
for digital transformation.

Understanding the DESI through ANOVA analysis can also provide insights into
customer preferences and behaviors, which can be used to enhance customer services and
offerings in the banking sector.

Comparing DESI of different countries, as our study aims to, can provide insights
into how Romania is performing relative to other countries, which could be useful for
global benchmarking.

3.2. Significances of Correlational Analysis

Correlation analysis is a statistical technique used to measure the strength and direc-
tion of the linear relationship between two or more variables. It provides valuable insights
into the associations between variables and has several significant benefits. Correlational
analysis is a versatile tool that can provide valuable insights into various aspects of the
banking sector’s digital transformation, helping to guide decisions and strategies at mul-
tiple levels. It helps in identifying whether there are significant relationships between
different variables, such as the impact of digitalization on banking performance metrics.
Once correlations are established, it becomes possible to use the values of one variable to
predict values of another, aiding in strategic planning and decision-making. In banking,
understanding correlations can be critical in risk management. For instance, identifying
variables that are correlated with higher risks (such as Z-score that measures the likelihood
of bankruptcy) can enable banks to take preventive measures. Banks can use correlational
analysis to make informed decisions about where to allocate resources for maximum impact,
potentially improving profitability and customer satisfaction. From an academic perspec-
tive, correlational analysis can contribute to the existing body of knowledge, inspiring
further research in the area.

3.3. Significances of Regression Analysis

Regression analysis is used to understand how multiple independent variables are
related to a dependent variable. It enables the creation of predictive models, analyzing the
impact of multiple variables simultaneously, creating forecasts. For example, it can help
banks to optimize strategies or governments to design effective policies. Hence, multiple
regressions can inform decisions and can be highly useful in assessing the financial stability
and health of the banking sector. Regression analysis provides insights into which specific
banking metrics have a significant impact on the Z-score. Banks can use this analysis to
assess their own financial health and make adjustments as necessary. Policymakers, such
as central banks, can be better informed about the factors that influence the stability of the
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banking sector. Performing regression analysis on various banking variables in relation
to the Z-score is a valuable tool for understanding and enhancing financial stability of the
banking system, whether from regulatory, policy, or internal bank management perspective.

4. Data Analysis and Results

The availability of data, which were published by the World Bank through The Global
Findex Database [65] narrows the view of the studied period. The Global Findex Database
has been available since 2011, with this being collected only every 3 years, confining the
data points to 2011, 2014, 2017, and 2021. For further advances in the study, we are looking
forward to new available data sets, as the World Bank is one of the most comprehensive
and regulated sources of supply side information.

When examining the use of various banking services in Romania compared to other
regional countries (Table 3), 2021 data indicates that 69% of Romanians possessed a bank
account. This figure is lower than in neighboring countries, with Slovenia leading at a
staggering 99%.

Table 3. Bankarization level between 2011-2021.

Bank Account Ownership (%)

Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2011 53% 88% 73% 70% 45% 80% 97%
2014 63% 86% 72% 78% 61% 77% 97%
2017 72% 86% 75% 87% 58% 84% 98%
2021 84% 92% 88% 96% 69% 96% 99%
Debit or Credit Card Ownership (%)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2011 47% 81% 63% 43% 32% 71% 93%
2014 57% 76% 61% 52% 47% 71% 93%
2017 70% 74% 70% 80% 50% 77% 94%
2021 72% 73% 79% 84% 55% 90% 97%
Debit or Credit Card Usage (%)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 36% 59% 48% 42% 27% 64% 71%
2017 37% 60% 55% 74% 26% 68% 82%
2021 50% 60% 73% 81% 42% 83% 90%

Source: World Bank [65].

In terms of debit or credit card ownership in the same year, Romania lagged behind
with only 55% of its population having one. This is in contrast to Bulgaria’s 72% and
Croatia’s 73%. Once again, Slovenia topped the chart with 97%.

Furthermore, when considering the actual usage of debit or credit cards for transac-
tions, only 42% of Romanians used these services in 2021. This stands in contrast with
Bulgaria at 50%, Croatia at 60%, Poland at 81%, and Slovenia again dominating the leader-
board at 90%.

Despite advancements in Romania’s banking sector in areas like bank account acces-
sibility and debit/credit card ownership and usage, the country still ranks at the bottom
within the EU.

When examining digital banking (Table 4), one factor to consider is the utilization of
mobile phones or the Internet to review account balances [54]. In 2021, 40% of Romanians
employed this method, which was lower than several regional countries: Bulgaria with
46%, Croatia with 56%, and Hungary with 71%. Slovenia, once again, led the region, with
67% of its population using smartphones to check their bank account balances, as reported
by The Findex Database from the World Bank.
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Table 4. Digital banking level.

Made or Received a Digital Payment (% Ages 15+)

Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 52% 76% 67% 65% 43% 75% 88%
2017 65% 83% 71% 82% 47% 82% 96%
2021 75% 87% 86% 93% 64% 95% 97%
Made or Received a Digital Payment, Primary Education or Less (% Ages 15+)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 19% 49% 39% 32% 17% 23% 70%
2017 34% 59% 50% 46% 21% 44% 89%
2021 61% 71% 66% 62% 33% 68% 88%
Made or Received a Digital Payment, Secondary Education or More (% Ages 15+)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 67% 86% 79% 72% 55% 87% 93%
2017 77% 93% 80% 88% 59% 90% 98%
2021 81% 94% 92% 94% 70% 96% 99%
Made or Received a Digital Payment, Income, Poorest 40% (% Ages 15+)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 37% 68% 61% 56% 30% 67% 82%
2017 77% 93% 80% 88% 59% 90% 98%
2021 62% 77% 78% 89% 50% 88% 93%
Made or Received a Digital Payment, Income, Richest 60% (% Ages 15+)
Year Bulgaria Croatia Hungary Poland Romania Slovak Republic Slovenia
2014 62% 81% 71% 71% 52% 81% 92%
2017 78% 87% 77% 84% 59% 87% 97%
2021 84% 94% 92% 96% 72% 99% 100%

Source: World Bank [65].

When examining the adoption of various digital banking services, Romania registered
a digital payment usage of 64% in 2021. This was lower than several neighboring countries,
including Bulgaria at 75%, Croatia at 87%, the Slovak Republic at 95%, and Slovenia
at a notable 97%. Analyzing the data in the context of educational levels reveals that
in 2021, Romanians with primary education or less utilized digital banking tools at a
rate of 33%, whereas those with secondary education or higher had a usage rate of 70%.
This trend is consistent with the patterns observed in the other countries selected for
this study. Additionally, a deeper dive into the data on digital payment usage based on
income levels suggests that individuals with higher incomes tend to adopt digital payments
more frequently.

Another aspect of digital banking explored in this study is the use of mobile phones
or the Internet for utility bill payments [55]. The 2021 data indicates that 34% of Romanians
used these platforms for such payments. This was marginally higher than Bulgaria’s 31%,
yet lower than Croatia’s 43%, Hungary’s 54%, Poland’s 70%, and the Slovak Republic’s 72%.

The findings highlight that Romania’s progress in banking digitalization, as gauged by
the uptake of debit/credit cards, bank account ownership, and the use of digital platforms
for account transactions, generally trails that of neighboring nations. Yet, it is significant to
mention that Romania has shown consistent growth over time, with a notable increase in
the adoption of these digital banking services.

We used several variables for our analysis listed in Table 5. The correlation analysis in
Table 6 shows the association between digitalization and several aspects of the banking
sector in Romania over the years. The results revealed a strong positive correlation between
banking system Z-scores and other variables such as bank return on equity, bank return on



Systems 2023, 11, 534 16 of 28

assets, bank liquid assets to deposits, and short-term funding, suggesting that as digitaliza-
tion improved in the country, it can be noticed an enhancement in the financial condition
and stability of the banking industry over a period of time. Furthermore, the positive
correlation between banking system capital and the Z-score shows that as digitalization
progresses, there is an upsurge in the capitalization of banks. However, the negative rela-
tionship between bank non-interest income to total income and banking Z-score advocates
that as digitalization improves, there may be a decrease in non-interest income due to
self-digital services and non-cash transactions. These outcomes highlight the progressive
correlation between digitalization and key financial indicators of the banking sector in
Romania, contributing to its overall efficiency and stability.

Table 5. Variables used for the analysis.

Variable Definition Source

Variables Used in Correlation and Regression Analyses

Banking system Z-scores Z-score of Romania banking sector The Global Economy
Bank return on assets, in percent Romanian banks’ return in percentages The Global Economy
Bank return on equity, in percent Romanian banks’ return on equity The Global Economy
Bank non-interest income to total income, Bank incomes other than interest income
. . The Global Economy
In percent in percentages

Romanian users of Internet in percent of

Internet users, percent of population . The Global Economy
total population

Mobile phone subscribers, per 100 people Romanian number of mobile phone subscribers The Global Economy

Economic grovx;’celzl’c?;eD?te of change in Romania’s economic growth rate in real GDP The Global Economy

Banking system capital, percent of assets Romanian banks’ capital percent of total assets The Global Economy

Bank liquid assets to deposits and Romanian banks’ liquid assets The Global Economy

short-term funding

Variables Used in ANOVA testing

2017-2022 Digital Economy and Society Index
of Human Capital
2017-2022 Digital Economy and Society Index
of Connectivity
2017-2022 Digital Economy and Society Index
of Integration of Digital Technology
2017-2022 Digital Economy and Society Index
Digital Public Services

Human capital European Commission

Connectivity European Commission
Integration of digital technology European Commission

Digital public services European Commission

Source: authors synthesis.

Table 6. Correlation among banking Z-score and different returns with progress in digitalization over

the years.
Indicators Correlation Coefficients
Bank return on assets, in percent 0.8
Bank return on equity, in percent 0.5
Bank liquid assets to deposits and short-term funding 0.8
Banking system capital, percent of assets 0.4
Bank non-interest income to total income, in percent —0.6

Source: research results.

The Globalization Index measures the extent to which a country is integrated into the
global economy. It typically takes into account various variables that reflect a country’s
level of economic, social, and political globalization.

Globalization often leads to expanded markets and opportunities, potentially increas-
ing the profitability (and thus ROE) of banks that can successfully navigate the international
market [66]. Similar to ROE, globalization can potentially enhance ROA through increased
business opportunities and efficiencies. However, the diversification of assets across bor-
ders can also bring new risks, potentially affecting ROA [67].
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In a globalized environment, banks have more opportunities for diversification, poten-
tially affecting their liquidity positions [64,68]. Globalization encourages increased capital
flows, potentially affecting the capital structures of banks [69].

Globalization often spurs technological advancements and facilitates the integration
of technology into daily life. In a globalized society, there is usually a higher penetration of
Internet usage as countries aim to stay connected and competitive. Countries with a high
Globalization Index often have better-developed infrastructures, including widespread
Internet connectivity. This can mean that a larger proportion of the population has access
to the Internet, either through public initiatives or private enterprise [70].

The correlation analysis in Table 7 between the Globalization Index and various
banking indicators in the context of digitalization in Romania’s banking sector revealed a
negative correlation between the Globalization Index and banking system Z-scores, saying
that as globalization in the world grows, it poorly relates to the stability and soundness
of the banking system. On the other side, positive relationships are observed among the
Globalization Index and return on equity as well as bank return on assets, indicating that
a higher degree of globalization may be connected with better productivity for banks
in Romania. The weakly positive correlation between bank non-interest income to total
income indicates a moderate relation due to digitalization and globalization.

Table 7. Correlation of Romania’s Globalization Index and different banking variables.

Indicators Correlation Coefficients
Banking system Z-scores —-0.18
Bank return on assets, in percent —-0.22
Bank return on equity, in percent -0.17
Bank non-interest income to total income, in percent 0.19
Internet users, percent of population -0.11
Mobile phone subscribers, per 100 people 0.15
Economic growth: the rate of change in real GDP —0.09
Banking system capital, percent of assets 0.66
Bank liquid assets to deposits and short-term funding —0.29

Source: research results.

Interestingly, the Globalization Index demonstrates slightly negative relationships
with Internet users and mobile phone subscribers, representing that the progress in these
digital facilities within Romania’s banking sector might be insignificantly related to the
growing globalization.

Moreover, a weak negative correlation between the Globalization Index and the rate
of change in real GDP suggests a slight and moderate relationship with overall economic
growth in the banking sector. The indicated correlation coefficients imply that globalization
may be related to different facets of digitalization within Romania’s banking sector. When
devising policies and strategies, it is vital to take these connections into account to maximize
the potential advantages of globalization, while ensuring that digitalization in the banking
industry aligns with Romania’s economic and financial objectives.

The regression analysis was conducted using data from the Romanian banking sector,
with banking system Z-scores as the dependent variable and several independent variables,
including the Globalization Index, bank return on assets, bank return on equity, bank
non-interest income to total income, Internet Users, mobile phone subscribers, economic
growth, banking system capital, and bank liquid assets to deposits and short-term funding.

First, the regression statistics reveal several important insights. The multiple R of
approximately 0.9867 indicates a very strong positive correlation between the dependent
variable (banking system Z-scores) and the combination of independent variables. This
suggests that these independent variables collectively have a significant impact on the
health and stability of the Romanian banking system.

The R-squared (R?) value of 0.9735 is particularly noteworthy. It implies that ap-
proximately 97.35% of the variation in banking system Z-scores can be explained by the



Systems 2023, 11, 534

18 of 28

independent variables included in the model. This high R-squared value signifies that
the model is exceptionally effective at capturing the factors influencing the stability and
performance of the Romanian banking sector.

The adjusted R-square, though slightly lower at 0.9536, remains strong and accounts
for potential model complexity. This adjusted value indicates that even when considering
the number of independent variables, the model still provides a robust explanation of the
variance in banking system Z-scores.

The standard error of about 0.6066 represents the average deviation of data points
from the regression line. A lower standard error suggests that the model fits the data well,
indicating that the selected independent variables provide a good fit for predicting banking
system Z-scores in the Romanian banking sector.

The ANOVA results demonstrate that the regression model is highly significant. The
F-statistic of 48.9516 with a very low p-value (4.3395 x 10~8) suggests that the model as a
whole is statistically significant. This means that at least one of the independent variables
included in the analysis significantly influences the banking system Z-scores within the
Romanian banking sector.

In summary, the regression analysis (Table 8) indicates that the selected independent
variables play a crucial role in explaining the variation in banking system Z-scores in the
Romanian banking sector. The model is highly effective, with a very high R-squared value,
suggesting that it can be a valuable tool for understanding and predicting the health and
stability of Romania’s banking system.

Table 8. Regression statistics.

Regression Statistics

Multiple R 0.986653
R-Square 0.973484
Adjusted R-Square 0.953598
Standard Error 0.60655
Observations 22
ANOVA
Df SS MS F Significance F
Regression 9 162.0851 18.00945 48.95163 434 x 108
Residual 12 4.414836 0.367903
Total 21 166.4999

Source: research results.

Table 9 contains the coefficients and related statistics for each independent variable in
the regression model. The interpretation of these coefficients is the following:

Intercept: The intercept represents the value of the banking system Z-scores when all
independent variables are zero. In this case, it is 13.70. A statistically significant intercept
suggests that even in the absence of the considered factors, there is still a significant base
value for banking system Z-scores.

Globalization Index (0-100): The coefficient for the Globalization Index is 0.01. How-
ever, its p-value is 0.82, which is quite high. This suggests that the Globalization Index is
not statistically significant in explaining the variation in banking system Z-scores in the
Romanian banking sector. The 95% confidence interval (—0.05 to 0.06) also includes zero,
reinforcing its lack of significance.

Bank return on assets: The coefficient is 3.75, and the low p-value of 0.00 indicates
strong statistical significance. This suggests that bank return on assets is a significant factor
in explaining variations in banking system Z-scores. An increase in bank return on assets is
associated with an increase in banking system Z-scores.
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Table 9. Regression coefficients.

Coefficients Standard Error t Stat p-value  Lower 95% Upper 95%

Intercept 13.70 3.49 3.93 0.00 6.10 21.30
Globalization Index (0-100) 0.01 0.02 0.24 0.82 —0.05 0.06
Bank return on assets, in percent 3.75 1.07 3.50 0.00 141 6.08
Bank return on equity, in percent -0.29 0.12 —2.41 0.03 —0.56 —0.03
Bank non-interest income to total 003 0.06 —054 0,60 ~0.17 0.10
income, in percent
Internet users, percent of population 0.02 0.01 1.62 0.13 —0.01 0.06
Mobile phone subscribers, per ~0.04 0.02 ~1.67 0.12 ~0.08 0.01
100 people
Economic grf)wth: the rate of change 007 0.04 173 011 017 0.02
in real GDP
Banking system capital, percent 0.02 0.17 0.13 0.90 —0.34 0.38
of assets
Bank liquid assets to deposits and 0.03 0.02 146 0.17 008 0.02

short-term funding

Source: research results.

Bank return on equity: The coefficient is —0.29, and the p-value is 0.03, indicating
statistical significance. A negative coefficient implies that a decrease in bank return on
equity is associated with higher banking system Z-scores. This might indicate that a lower
return on equity is related to higher stability or regulatory compliance.

Bank non-interest income to total income: The coefficient is —0.03, with a p-value of
0.60. This variable does not appear to be statistically significant in explaining the variation
in banking system Z-scores.

Internet users: The coefficient is 0.02, but the p-value is 0.13, which is relatively high.
This suggests that the number of Internet users as a percentage of the population may not
be a statistically significant factor in explaining the banking system Z-scores in Romania.

Mobile phone subscribers: The coefficient is —0.04, with a p-value of 0.12. Similar to
the Internet users variable, it does not appear to be statistically significant in this context.

Economic growth: The coefficient is —0.07, with a p-value of 0.11. While it is not
highly statistically significant, there is a suggestion that a decrease in economic growth is
associated with higher banking system Z-scores.

Banking system capital: The coefficient is 0.02, with a very high p-value of 0.90. This
suggests that banking system capital as a percentage of assets is not statistically significant
in explaining variations in banking system Z-scores in the Romanian banking sector.

Bank liquid assets to deposits and short-term funding: The coefficient is —0.03, with a
p-value of 0.17. Similar to other variables, this does not seem to be statistically significant.

In summary, the significant variables that seem to have an impact on the banking
system Z-scores in the Romanian banking sector are “Bank Return on Assets” and “Bank
Return on Equity.” Other variables like the Globalization Index, Internet users, mobile
phone subscribers, and banking system capital do not appear to be statistically significant
in this context, as their coefficients have high p-values. Even though these digitalization
variables seem to have low or no statistical significance, it could be due to their lagged
effect. Digitalization implies higher costs for companies or banks, that are spread out over
time. Among banks’ assets, the digitalization process plays a crucial role, as software
programs and licenses represent valuable intangible assets.

DESI is an index that measures the digitalization level in a country or region. As banks
adopt digital technologies, they become more vulnerable to cyber-attacks. This could be
a risk of hacking, data breaches, or other cyber-attacks that can have a direct impact on a
bank’s risk profile. Digitalization helps to improve banking operations, which can lead to
cost savings over time and streamline processes, which can enhance metrics like return on
assets (ROA) and return on equity (ROE). Moreover, improved digital services can attract
customers and enhance their experience leading to higher revenues and customer retention.
Nevertheless, digitalization is a useful tool that enables banks to diversify their revenue
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streams. This diversification can contribute to stability, as overreliance on a single source
of income is reduced. A well-implemented digital infrastructure can make a bank more
resilient. For example, cloud-based solutions can improve disaster recovery capabilities,
ensuring the continuity of banking operations during these adverse events. Therefore,
banks should be interested in DESI evolution over time.

Looking into the DESI report made by the European Commission [59], surprisingly,
cash-based dealings still hold an extensive share of 31%, meaning that a significant number
of customers prefer paying for their online shopping with the cash-on-delivery option.
Other payment methods comprise only 1% of total e-commerce transactions. Overall, this
data indicates the variety of payment preferences of Romanians regarding card payments,
bank transfers, digital wallets, cash-based transactions, and other methods.

The evolution of the Digital Economy and Society Index (DESI) between 2017-2022
(Figure 5) indicates Romania’s performance with other countries in the region comparatively.

Average DES| Values

2017 2018 2019 2020 2021 2022

Figure 5. The evolution of Digital Economy and Society Index between 2017-2022 (%). Source:
adapted by authors based on DESI annual reports [59].

With respect to Internet connectivity, the rank of Romania is consistently high from
2017 to 2022, with DESI scores of 11 or 12 throughout every year, representing a strong
digital adoption and infrastructure. However, Romania is lagging behind with low digital
public services, with DESI scores ranging from 4 to 8, suggesting wide room for improve-
ment in this area for providing advanced digital services to the general public. DESI score
for human capital development ranges from 2 to 8 representing the moderate level of
progress in developing digital skills and knowledge. Lastly, when it comes to the exam-
ination of the integration of digital technology, Romania’s DESI score varies from 3 to 7,
signifying a comparatively slower pace of transforming and integrating digital technology
across sectors compared to other countries in the region. Overall, while Romania displays
a strong point in Internet connectivity, there are areas such as human capital development,
integration of digital technology, and digital public services, where the country could
attempt further growth to catch up with its counterparts in the region.

Figure 6 provides a summary of economic growth trends from 2017 to 2022 for the
specified nations. In 2020, all these countries experienced a decline in GDP growth, a
result of the significant impact of the COVID-19 pandemic. Notably, Slovenia and Croatia
exhibited the most substantial GDP growth in 2021 and 2022. Romania had a 5.8% GDP
growth in 2021 and 4.8% GDP growth in 2022, while Croatia scored a 13.1% GDP growth
in 2021 and 6.3% in 2022. By contrast, Slovakia had a 4.9% GDP growth in 2021 and a
1.7% GDP growth in 2022. A comparison of Figures 5 and 6 reveals a consistent trend: as
digitalization levels increase, GDP growth also demonstrates higher levels.
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Figure 6. The evolution of GDP growth between 2017-2022 (%). Source: adapted by authors based
on World Bank Database.

The Internet connectivity index ANOVA analysis (Table 10) with other regional nations
indicates that Romania has a quite high level of Internet connectivity in the digital banking
sector. Even though a p-value > 0.05 shows there is no significant difference among means,
a 9.76 average connectivity score suggests the country has made noteworthy development
in digitizing its banking industry and ensuring reliable and continued Internet access for
customers. This high connectivity index score shows the adoption and transformation of
digital banking channels, easing online transactions, and improving access to monetary
services for the public.

Table 10. ANOVA connectivity index.

Groups Count Sum Average Variance
Bulgaria 6 44.38492 7.397487 2.302606
Croatia 6 42.07063 7.011772 4.401979
Hungary 6 54.54782 9.091303 4.874987
Poland 6 44.66352 7.44392 3.652504
Romania 6 58.54061 9.756768 2.306411
Slovakia 6 48.42273 8.070455 2.893962
Slovenia 6 57.01519 9.502532 3.797442
ANOVA
Source of Variation SS Df MS F p-value F crit
Between Groups 44.69824 6 7.449707 2.152216 0.071717 2.371781
Within Groups 121.1495 35 3.461413
Total 165.8477 41

Source: research results.

The ANOVA analysis (Table 11) conducted on the digital public services scores for
Romania and other regional countries shows significant differences in the level of digital-
ization in this segment. Romania’s average digital public services score for the last 6 years
of 3.34 indicates a relatively low level of digitalization in providing online services to the
public compared to other regional countries. The ANOVA test results (p-value < 0.001)
demonstrate a statistically significant difference in scores of digital public services among
the countries. This recommends that Romania has some room and space for further im-
provement and advancement in terms of offering advanced digital services to its people as
these services can help to improve digitalization in banking.
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Table 11. ANOVA digital public services.
Groups Count Sum Average Variance
Bulgaria 6 63.10481 10.51747 2.365043
Croatia 6 64.1956 10.69927 2.180258
Hungary 6 69.31001 11.55167 2.124861
Poland 6 65.8692 10.9782 2.974844
Romania 6 20.06779 3.344632 1.236113
Slovakia 6 65.86613 10.97769 1.930252
Slovenia 6 85.3421 14.22368 3.629517
ANOVA
Source of Variation SS Df MS F p-value F crit
Between Groups 398.7584 6 66.45974 28.29641 4.75 x 10712 2371781
Within Groups 82.20444 35 2.348698
Total 480.9629 41
Source: research results.

Another ANOVA analysis (Table 12) of digital human capital index scores for different
countries, including Romania, reveals significant disparities in digital human capital devel-
opment. Romania’s average digital human capital score of 7.17 shows moderate progress
in evolving digital skills and knowledge among its population compared to other regional
countries. The ANOVA test outcomes show digital human capital scores statistically sig-
nificant differences among the countries also presenting differences in the development
of digital capabilities. Romania might need to emphasize additional efforts to enhance its
digital human capital through education and training initiatives to catch up with other
European countries that have greater scores.

Table 12. ANOVA digital human capital index.

Groups Count Sum Average Variance

Bulgaria 6 46.64253 7.773755 0.036383

Croatia 6 73.274 12.21233 0.211817
Hungary 6 55.84807 9.308012 0.0916

Poland 6 51.56102 8.593503 0.189835
Romania 6 43.0026 7.1671 0.080649

Slovakia 6 61.30018 10.2167 0.352645

Slovenia 6 63.2063 10.53438 0.105154

ANOVA

Source of Variation SS Df MS F p-value F crit
Between Groups 108.9147 6 18.15245 118.9675 8.64 x 10722 2371781
Within Groups 5.340412 35 0.152583
Total 114.2551 41

Source: research results.

Also, ANOVA test outcomes (Table 13) indicate a statistically significant difference
in the integration of digital technology scores between the countries, showing variations
in the integration level of digital technologies. Romania might need to boost its efforts
in integrating digital technology to run at the pace of other regional countries that have
higher scores in this aspect. Further investments in digital infrastructure and technology
adoption may contribute to enhancement in the digital banking sector in Romania as well.
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Table 13. ANOVA integration of digital technology.

Groups Count Sum Average Variance
Bulgaria 6 18.72318 3.12053 0.155645
Croatia 6 41.18677 6.864462 2.117885
Hungary 6 24.12301 4.020502 0.293002
Poland 6 26.00022 4.33337 0.665328
Romania 6 20.47188 3.41198 0.273902
Slovakia 6 35.21639 5.869398 0.45892
Slovenia 6 47.72972 7.954953 1.019799
ANOVA
Source of Variation SS Df MS F p-value F crit
Between Groups 122.2475 6 20.37458 28.61322 4.06 x 10712 2.371781
Within Groups 2492241 35 0.712069
Total 147.1699 41

Source: research results.

5. Discussion

Valuable insights are revealed through the analysis in this research paper between
digitalization and Romanian banking indicators. The hypothesis states a positive corre-
lation between digital indicators and banking indicators, showing that with an increase
in digitalization performance, the efficiency of corresponding banking operations also
improves. The data and analysis presented in the research report back this hypothesis,
validating a substantial level of digitalization in the Romanian banking sector.

According to the data, an enormous proportion of the population in Romania employs
many digital financial products and services. Contactless bank cards have gained extensive
acceptance, with 70% of people utilizing them for payments. Mobile banking apps and
Internet banking for browsers are also extensively utilized modes of payment, with accep-
tance rates of 65% and 53%, respectively. These statistics show a liking for online access
to financial services. While mobile smart-watch payments and Revolut bank cards have
lower adoption rates at 31% and 25%, respectively, they still contribute to the digitaliza-
tion of the banking industry. On the other hand, digital signatures and consultation with
bank staff through messenger apps have comparatively lesser acceptance rates at 11% and
8%, respectively.

When Romania is compared with other regions with respect to digital payment meth-
ods, it is observed that it lags behind in terms of credit card penetration, with a lower
percentage compared to the Eastern Europe and the CIS region and the global average.
However, Romania increased high Internet and smartphone penetration rates, representing
promising conditions for the implementation of digital payment solutions. This proposes
that while credit card practice may be less prevalent, the potential for further expansion of
the digital payment network in Romania is significant.

A diverse range of payment preferences has been revealed through the analysis of e-
commerce payments in Romania. Digital wallets and card-based payments are widespread
ways and means, accounting for a substantial share of transactions. Bank transfers also
found a significant share of payments, whereas cash-based dealings still grip a significant
portion. This data highlights the diverse payment preferences of Romanian consumers in
the e-commerce sector.

In terms of the correlation analysis, the financial health and stability of the banking
industry observed a positive relation with the progression in digitalization. Strong positive
associations are found between banking system Z-scores and other banking indicator
variables such as return on equity, bank return on assets, bank liquid assets to deposits, and
short-term funding. These outcomes recommend that digitalization can contribute to the
overall stability and efficiency of the banking industry in Romania.

Further correlation analysis discloses the association between the Globalization Index
and several banking variables. Whereas a negative correlation between the Globalization
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Index and banking system Z-scores suggests a weak relation between the strength of the
banking organization, return on assets, and return on equity presents positive correlations
with the Globalization Index. This advocates that a higher globalization level may lead
to increased profitability for banks in Romania. Furthermore, a weak positive correlation
between bank non-interest income to total income suggests the need to work on these
indicators to improve performance and profitability. Interestingly, slightly negative cor-
relations between the Globalization Index and Internet users, as well as mobile phone
subscribers have been found in the analysis, showing a weak relationship between growing
globalization and the progress of these digital services in the banking industry. Also, a
weak negative correlation is observed between the Globalization Index and the degree of
change in real GDP, leading to minor variations of overall economic development in the
banking sector as globalization progresses.

The Romanian banking sector’s Z-scores appear to be primarily influenced by “Bank
Return on Assets” (ROA) and “Bank Return on Equity” (ROE) as the regression analysis
shows. In this context, other factors such as the Globalization Index, Internet users, mobile
phone subscribers, and banking system capital do not exhibit statistical significance, as
indicated by their high p-values. Hence, further studies are recommended subject to
data availability to analyze the connection between digitalization and ROA and ROE.
Digitalization can streamline operations, reduce costs, and improve efficiency.

The research paper also examines the performance of Romania in the Digital Economy
and Society Index (DESI) in comparison with other countries in the region. Romania
registers higher ranks in Internet connectivity, demonstrating a strong and sound digital
infrastructure. However, the country is behind in human capital development, digital
public services, and the integration of digital technology; these areas offer opportunities for
progress to compete with counterparts in the respective region.

The Internet connectivity index analysis specifies that Romania has a high level of In-
ternet connectivity in comparison with the EU-selected countries, which is very supportive
of the digitalization of the banking industry. Although ANOVA did not find a significant
difference among means, Internet connectivity offers a solid and sound footing for further
digital advancements and innovation within the banking business, as it has one of the
highest scores for 2017-2022 when compared with the analyzed countries.

On the subject of digital public services, Romania’s performance is somewhat lower
compared to other countries in the region. The analysis recommends that efforts should
be made to expand the accessibility and quality of digital public services, as they play a
vital part in improving the overall digital environment and providing a unified experience
for users.

The research paper highlights that there is a necessity for developing digital skills
and knowledge among people to enable them to use digital banking services. While
statistics show some progress in Romania in this sector, there is still room for improvement.
Improving digital education and training programs can lead to a more digitally skilled
workforce and consumers, fostering innovation and productivity.

Another important aspect in this study that has been discussed is the integration of
digital technology across sectors in order to gain economic sustainability. Data-driven strate-
gies and innovations in business processes considerably influence customer engagement,
with the effects of data-driven approaches surpassing that of innovation. Furthermore,
customer engagement markedly impacts a company’s competitive edge [71]. The statistics
show that when the banking industry adopted a high level of digitalization, other indus-
tries displayed varying digital adoption. The digital prowess of an organization should be
shaped by digital innovation, which in turn can enhance the strategic performance of the
business [72]. Digitalization also encourages environmentally sustainable behaviors, which
improves corporate social responsibility [73,74]. This advocates the need for stimulating
digital transformation across all sectors and encouraging the growth of digital technologies
to drive economic growth and effectiveness.
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Theoretical and Practical Implications

Research on the digital transformation of the Romanian banking sector can have sev-
eral theoretical implications, including shedding light on broader concepts and contributing
to the academic understanding of various fields.

The research provides a deeper understanding of how consumers’ banking behaviors
and preferences are changing with the advent of digital technology. This can potentially
help in the development of more consumer-centric banking products and services. Also,
it helps in understanding how digital transformation can lead to improved operational
efficiencies and higher profitability for banks.

Moreover, our study discusses the regulatory implications of digital transformation. It
can propose new regulatory frameworks that can ensure the safe and responsible growth
of digital banking in Romania. However, another crucial aspect to note is the potential of
digital transformation to ignite innovation within the banking sector, offering a significant
competitive edge to those banks that rapidly integrate new technologies.

The research might delve into the larger societal impacts of the digital transformation
of the banking sector, including its effects on job markets, economic growth, and societal
well-being. Therefore, it examines how digital transformation can aid in increasing financial
inclusion in Romania, particularly in remote and rural areas where traditional banking
services might be limited.

The research provides theoretical insights into how the developments in the Romanian
banking sector align with the broader trends and indicators as noted in the DESI. Our study
highlights the theoretical implications of understanding how the Romanian banking sector
compares with other European or global counterparts in terms of digital transformation,
and what lessons can be learned from these comparisons.

In summary, research on the digital transformation of the Romanian banking sector has
the potential to advance various theoretical domains, ranging from digital transformation
theories to innovation, organizational change, customer behavior, and regulatory frame-
works. These theoretical implications can provide valuable insights not only for academia
but also for policymakers, practitioners, and stakeholders in the banking industry.

According to our research findings, digitalization exerts a favorable impact on bank
returns. While the adoption of digital solutions may initially incur added expenses, Roma-
nian banks are poised to reap long-term benefits by expediting customer query resolution.
The digital transformation of Romanian banks presents the potential to curtail costs related
to personnel and physical spaces, given the shift towards digital operations. These cost
savings are expected to translate into augmented profits, reflected in elevated ROA and
ROE metrics.

6. Conclusions and Limitations

This extensive examination of data and theories related to the digital transformation in
Romania’s banking sector yields significant observations and results concerning the effect
of digitalization on numerous banking metrics. The findings endorse the favorable correla-
tion between digital advancements and heightened stability, profitability, and efficiency
within the banking sector. Furthermore, this study illuminates areas where Romania could
further enhance its digital banking infrastructure, including fostering digital human capital,
enhancing digital public services, and more seamless integration of digital technologies.
Consequently, Romania will be able to target the potential advantages of digitalization
across all sectors, especially the banking sector.

The research limitations consist of the data availability and the analysis of one domain
(i.e., the banking field). In the future, these limitations allow us to extend the research to
study the impact of digitalization on other sectors connected to the banking industry such
as the state authorities and institutions or companies. Data completeness and reliability can
affect our study, as can the limited time for data collection (digitalization is a new process).
These limitations encourage researchers to make further analyses and explore the reasons
for low digitalization among individuals in order to diminish the gap.
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Our forthcoming research aims to assess the global population’s level of digital profi-
ciency, financial literacy, and organizational resilience effects on economic sustainability in
the financial sector.
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