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Abstract: This research employs a questionnaire survey to examine the influence of the late phase of
the pandemic on the sustainability performance of the banking industry in Taiwan. This research
focuses on the perceptions of bank employees and explores the mediating role of fintech adoption
(FTA) and green finance (GF). A total of 325 valid responses were collected, and structural equation
modeling (CB-SEM) AMOS.21 software was applied to analyze the overall model, while the SPSS.21
PROCESS (2017) was applied to analyze the mediating effects. The empirical findings reveal that
green process innovation (GI) significantly affects both green finance and banking sector sustainability
performance (BSP), perceived environmental responsibility (PER) positively influence GF and FTA,
and both FTA and GF positively impact BSP; however, GI had no direct impact on FTA, and FTA had
no direct impact on GF. In terms of the mediating effects, PER has a complete mediating effect on BSP
through FTA or GF, while GF partially mediates the relationship between GI, PER, and BSP.

Keywords: green process innovation; green finance; perceived environmental responsibilities; fintech
adoption; banking sector sustainability performance; CB-SEM; COVID-19

1. Introduction

Due to their effects and challenges on the business processes and sustainable perfor-
mance of global banking institutions, GF, green processes, technology innovations, and
sustainable management have become popular research topics in the finance industry fol-
lowing the late phase of the pandemic. [1]. Due to the economic instability and uncertainty
brought about by the pandemic and the rise of contactless payment transactions [2], the
period after the late phase of the pandemic has witnessed the development of innovative
financial business models, particularly in the Asian region. The fintech operations of bank-
ing institutions were filled with innovation in the late phase of the pandemic [3]. Ref. [4]
pointed out that the pandemic accelerated the digitization of banks by 3 to 10 years. In
recent years, rapid economic developments have led to environmental degradation and var-
ious environmental issues [5,6]. FTA and GF have been recognized as necessary conditions
for achieving the “COP21—Paris Agreement” and the “Sustainable Development Goals”
of the “United Nations” [7]. The investment demands of GF require the mobilization of
large private capital; therefore, banking institutions play a vital role in accelerating the
transition to sustainable development and climate neutrality [8]. GF is indispensable for the
sustainable operations of banking institutions. Ref. [9] defined GF as the adoption of new
financial services and strategies by banks; for example, green funds, green banks, carbon
trading markets, green bonds, and financial policies and technologies, which are intended
to enhance the ecological benefits of green financing and achieve sustainable development
performance. Ref. [10] emphasized that effective utilization of financial resources can
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lead to financial innovation. An article published by [11] pointed out that green process
innovation has emerged as one of the solutions for addressing environmental issues.

Ref. [12] provided extensive discussions regarding the applications of GF develop-
ments, which encompass interactions among the economy, the environment, and financial
activities. The adoption of GI has become an approach to address environmental challenge
issues, which must consider the key driving factors and antecedents, including relevant
regulations. Refs. [5,13] provide the environmental determinants of technological and green
process innovation [14]. Several studies [8,15–17] have determined that both green finance
and traditional finance can invigorate the economy. GF can provide innovative financial
facilities to enable the economy to adapt to climate change and reduce carbon emissions
in the process of economic transformation and to consider the impact of long-term invest-
ments on the environment. GF includes the sustainable financial management modes of
environmental management, social welfare, and corporate governance; thus, it is a unique
financial instrument created to solve environmental damage. As GF integrates economic
development and environmental protection, it is an innovative financial instrument for
environmental protection. It is suggested that the adoption of innovative finance is related
to the impact of green process innovation on the environment; thus, it is also the key factor
of green finance and sustainable business performance. Refs. [18,19] explained that GI
creates a balance between the economy and the ecological environment, thereby achiev-
ing sustainable development goals; however, in the current late phase of the pandemic,
sustainable performance, green process innovation, and GF have not been confirmed [1].
The focus of this research is to examine the impacts of the perceptions of environmental
responsibility and GI among Taiwan’s bank employees in the late phase of the pandemic
on the sustainable performance of banks, as mediated by FTA and GF.

Recent studies [20,21] have explored the relationship between GF and sustainable
business practices. Ref. [22] proposed mutually beneficial impacts between GF and GI.
Ref. [23] pointed out that financial technology actively contributes to promoting sustainable
practices in GF. Currently, there is a substantial body of research regarding the positive
effects of GF, GI, and sustainability; however, there is limited research that specifically
investigates BSP from the perspective of bank employees in the post-pandemic period.
Ref. [1] conducted a study of the environmental factors related to GF, GI, and FTA in the
banking sector. At present, most studies on GF focus on the qualitative research of the
sustainable development of enterprises, while few studies focus on the impact of GI and
PER on the sustainable operation of the banking sector through questionnaires conducted
for bank employees. Against the background of the pandemic period, this research can
fill the gap in the current research field by expressing the GI and PER to bank employees
regarding BSP.

This research focused on the theory of planned behavior and examined the impact
of perceived environmental responsibility and green process innovation on the BSP of
institutions in the late phase of the pandemic. The unique contribution of this research
lies in the inclusion of the independent variables of PER and GI, as well as the mediation
of FTA and GF in examining the impact on BSP in the post-pandemic period. The rela-
tionship between GI, FTA, and BSP has not been comprehensively tested in the academic
and research community. Hence, this research investigated this relationship within the
context of the Taiwan banking industry. This investigation of Taiwan’s banking industry in
and beyond the pandemic period can provide valuable insights for government agencies
and bank managers in Taiwan when formulating GF policies and evaluating sustainable
performance.

2. Literature Review and Hypotheses
2.1. Theory of Planned Behavior (TPB)

In the field of predictive psychology, behavior within the framework of the theory
of planned behavior (TPB) is commonly used as a tool for predicting human behavior.
Research has shown [24] that when the severity of a threat increases, individuals are
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most likely to intend to take some action to protect themselves from the threat. A study
conducted in Turkey [25] showed that increasing individual environmental awareness
significantly boosts the willingness to purchase green products. Ref. [26] demonstrated that
environmental awareness significantly influences individuals’ willingness to make environ-
mentally friendly purchases. In addition to using behavioral and normative expectations
to predict intention, the theory of planned behavior incorporates perceived behavioral
control [24]. Ref. [27] stated that PER refers to the individual’s responsibility not to have a
harmful impact on the environment or others when engaging in environmental protection
activities. This responsibility extends to all individuals within an organization [28].

This research adopted the variables of PER from the TPB. Previous studies have rarely
combined GI with GF and FTA in the context of BSP. Therefore, this research aimed to
investigate the impact of environmental awareness and GI on the sustainable performance
of Taiwan’s banking industry in the late phase of the pandemic, as mediated by FTA and GF.
This research explains the direct and indirect effects of environmental awareness among
Taiwan’s bank employees on GF and GI in the overall banking industry, as well as their
impact on BSP.

2.2. Green Process Innovation and Fintech Adoption

The global financial markets and economic landscape have been disrupted by the late
phase of the pandemic [29–31]; thus, the banking industry has utilized FTA to enhance
employee productivity and reduce costs, thereby enabling survival and sustainability dur-
ing the transformation process [32]. This transformation towards FTA is facilitated by
the characteristics of innovation diffusion, as observed in the early theory of innovation
diffusion [33]. Innovation diffusion occurs within social systems, meaning innovations
are disseminated through various channels of communication and over time; then, the
individuals involved in this process reach a consensus in sharing and adopting the new
ideas, leading to innovations [33,34], while fintech refers to the integration of modern tech-
nologies to innovate financial products and services. In recent years, financial technology
has garnered significant attention and research interest in academia due to its potential
for redefining financial services by enabling greater financial inclusion and delivering
personalized experiences [35,36]. Ref. [37] indicated that green technological innovation
and FTA can influence each other, while financial technology brings innovations in fi-
nancial products, service models, and technological applications. Refs. [38,39] found that
the benefits of financial technology include the ability to make rapid financial decisions,
which facilitates instant payments and receipts within seconds; however, this may lead
to a trade-off between efficiency and data transmission security. Therefore, this research
proposes the following research hypothesis, H1.

H1: There is a positive correlation between the GI and FTA of banking and financial institutions in
the post-pandemic era.

2.3. Green Process Innovation, Green Finance, and a Bank’s Sustainability Performance

Wang [40] noted that in sustainable business, green finance is a crucial factor influenc-
ing green process innovation. Ref. [41] discovered that GI is an essential factor in enhancing
sustainability performance, as did Ref. [11]. Recently, scholars have found that GI is a key
driver for economic and social sustainability performance in various countries, enabling
them to achieve GF [18]. Ref. [19] indicated that green process innovation can balance
economic, social, and environmental aspects while simultaneously achieving sustainable
developmental performance, thereby achieving sustainable development goals. Previous re-
search has demonstrated that GF and GI can enhance sustainable performance by bringing
new operational efficiency benefits through sustainable development objectives [8,15–17].
Therefore, this research proposes hypotheses H2 and H3, as follows:
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H2: There is a positive correlation between the GI and GF of banking and financial institutions in
the post-pandemic era.

H3: There is a positive correlation between the GI and BSP of banking and financial institutions in
the post-pandemic era.

2.4. Perceived Environmental Responsibilities and Green Finance

Increased environmental awareness motivates individuals to engage in environmen-
tally friendly behaviors. Ref. [42] also noted that a high level of environmental con-
sciousness is often seen as a prerequisite for taking appropriate environmental protection
actions [43]. Ref. [27] pointed out that perceived environmental responsibility entails
protecting the ecosystem and ensuring that one’s activities do not have harmful effects.
Elevation of personal environmental awareness represents a commitment to environmental
protection, and environmentally aware individuals tend to consume and purchase green
financial products [44,45]. Additionally, a study conducted in India [46] found that per-
ceived environmental behavior influences the purchase of green products. Green finance
is a comprehensive concept that can be put into practice by global banks through various
initiatives, such as energy-saving measures, increasing green loan quotas, using recycled
paper, and providing preferential terms for green loans [47]. The sustainability performance
of the banking industry is derived from the activities of GF driven by an increased sense of
environmental responsibility [48]. The crucial aspect of environmental awareness conserva-
tion lies in the outcomes of specific actions in GF [49]. Refs. [40,41] studied 57 developing
countries and found that GF and environmental awareness protection mutually impact one
another. Elevation of individual environmental awareness is a crucial factor in purchasing
green products [50]. Particularly in the post-pandemic period, a heightened environmental
consciousness among employees encourages them to engage in environmental protection
and practice green banking. Therefore, this research proposes research hypothesis H4,
as follows:

H4: There is a positive correlation between the PER and GF of banking and financial institutions in
the post-pandemic era.

2.5. Perceived Environmental Responsibilities, Fintech Adoption, and a Bank’s
Sustainability Performance

In their study on financial technology in Malaysia, Ref. [51] demonstrated that FTA is
driven by the perceived behavioral control of TPB and indicated an impact between the
two. According to Ref. [52], recent research in South Africa shows that PER has significant
impact on FTA. However, Ref. [53] found that it has not yet been concluded whether there
is a mutual influence between sustainability performance and environmental perception of
responsibility. Ref. [54] found that information based on increasing severity will indeed
increase individuals’ willingness to mitigate their impact on climate change. Financial
technology relies on green financial technology applications such as blockchain, artificial
intelligence, big data, cloud computing, and internet finance that contribute to the achieve-
ment of sustainability goals in the banking industry [55]. In the past decade, there has been
GI brought about by fintech, which is prompting the large banking industry to ramp up its
investments in IT; for example, by 2019, fintech was the most advantageous investment for
banking institutions [56] as was the adoption of financial technology integrates investments
in green innovation technology within the banking industry. It facilitates the transforma-
tion of the banking industry and has significant impact on the overall economic and social
sustainable transformation through the balance of financial inclusion and sustainable devel-
opment [57]. FTA enhances the profitability, competitiveness, and BSP, thereby influencing
financial sustainability development [58]. Therefore, the research hypotheses H5 and H6
are formulated as follows:
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H5: There is a positive correlation between the PER and FTA of banking and financial institutions
in the post-pandemic era.

H6: There is a positive correlation between the PER and BSP of banking and financial institutions
in the post-pandemic era.

2.6. Fintech Adoption, Green Finance, and a Bank’s Sustainability Performance

Thakor [59] defined financial technology as the use of green financial technology to
provide new and improved green financial service applications. New financial technology
refers to the latest technologies of finance used for innovating financial service processes
and products, and the widespread adoption of financial technology in traditional finance
has broadened consumer experiences and the customization of financial products, enhanc-
ing the inclusivity of financial services. This phenomenon has garnered attention in the
academic community and among consumers [35,36]. In and beyond the post-COVID-19
era, the enhancement of financial services through financial technology will expand the
landscape of financial services [60]. Fintech is a key beneficiary of the Fourth Industrial Rev-
olution [61] and extremely important for sustainable business development [62]. Therefore,
FTA and GF are among the key drivers for achieving sustainable development [63]. FTA is
not constrained by time, which allows GF to meet people’s financial product needs and
enables banks to enhance their sustainable performance [55,64]. The recent literature also
indicates that FTA supports sustainable development, and [40,65] found evidence that FTA
has mutual impacts on GF. However, a study on the development of financial technology
in China [66] provided evidence showing the significant negative impact of FTA on the
development of GF. Therefore, this research proposes research hypotheses H7, H8, and H9,
as follows:

H7: There is a positive correlation between the FTA and GF of banking and financial institutions in
the post-pandemic era.

H8: There is a positive correlation between the GF and BSP of banking and financial institutions in
the post-pandemic era.

H9: There is a positive correlation between the FTA and BSP of banking and financial institutions
in the post-pandemic era.

Based on the above theoretical framework, the structure of this research is shown in
Figure 1.

Sustainability 2023, 15, x FOR PEER REVIEW 6 of 19 
 

 

Figure 1. Conceptual framework of the research. 

3. Research Method 

3.1. Questionnaire Design 

Based on the literature review, this research developed a questionnaire to measure 

the constructs related to green finance. Regarding the GF construct, five items were 

adapted from scales used by [67,68] to measure the impact of the increased amount of 

bank loans for environmental protection and recycling, as well as the investment increase 

in energy and green marketing on the sustainable business performance of green loans 

and green industry development in the new mode of environmental protection and finan-

cial management. Regarding the construct of FTA, five items were adapted from a scale 

developed by [69] to measure whether banks’ fintech adoption has reduced costs, saved 

energy costs, allowed information to flow, and reduced fraud risk, as well as the impact 

of bank employees’ fintech adoption on the sustainability performance of banks. The PER 

construct has five items adapted from a scale used by [70] to measure whether bank em-

ployees have increased awareness and determination regarding environmental protection 

under the threat of environmental change and to understand the impact of bank employ-

ees’ perceptions of environmental responsibility on sustainable business performance. 

The GI construct has four items adapted from a scale developed by [71]; for example, in 

operation, my bank can effectively save energy, reuse paper, and offer loans to enterprises 

to effectively protect the environment. The BSP construct has nine items adapted from a 

scale used by [72] to measure bank employees’ perceptions of sustainability performance. 

In terms of sustainable business performance, the banking sector aims to save energy and 

reduce waste, reduce costs, improve business performance, and enhance the image of 

banks. The questionnaire items are presented in Table 1. 

The structured questionnaire of this research was designed based on adaptations of 

the scales from the abovementioned scholars. While maintaining the intended meaning of 

the original questions, they were appropriately modified to suit the context of bank em-

ployees’ perceptions of sustainable performance. The questionnaire was reviewed by two 

bank executives and two scholars, and a pilot study was conducted with 35 participants 

to assess the reliability and consistency of the questionnaire. The results show that the 

Cronbach’s α reliability coefficient for each construct exceeded 0.70, which indicates the 

good reliability and consistency of the questionnaire items; thus, the questionnaire content 

was deemed consistent, reliable, and aligned with the banking industry’s current situation 

and effectively captured bank employees’ psychological perceptions. Based on these re-

sults, the formal questionnaire was administered. 

  

Figure 1. Conceptual framework of the research.



Sustainability 2023, 15, 15925 6 of 19

3. Research Method
3.1. Questionnaire Design

Based on the literature review, this research developed a questionnaire to measure the
constructs related to green finance. Regarding the GF construct, five items were adapted
from scales used by [67,68] to measure the impact of the increased amount of bank loans for
environmental protection and recycling, as well as the investment increase in energy and
green marketing on the sustainable business performance of green loans and green industry
development in the new mode of environmental protection and financial management.
Regarding the construct of FTA, five items were adapted from a scale developed by [69] to
measure whether banks’ fintech adoption has reduced costs, saved energy costs, allowed
information to flow, and reduced fraud risk, as well as the impact of bank employees’ fintech
adoption on the sustainability performance of banks. The PER construct has five items
adapted from a scale used by [70] to measure whether bank employees have increased
awareness and determination regarding environmental protection under the threat of
environmental change and to understand the impact of bank employees’ perceptions of
environmental responsibility on sustainable business performance. The GI construct has
four items adapted from a scale developed by [71]; for example, in operation, my bank can
effectively save energy, reuse paper, and offer loans to enterprises to effectively protect
the environment. The BSP construct has nine items adapted from a scale used by [72] to
measure bank employees’ perceptions of sustainability performance. In terms of sustainable
business performance, the banking sector aims to save energy and reduce waste, reduce
costs, improve business performance, and enhance the image of banks. The questionnaire
items are presented in Table 1.

Table 1. Questionnaire items.

Variables Items Descriptions Sources

Green financing

GF1 The amount of money my bank invests in environmental protection
projects increases.

[67,68]

GF2 My bank is investing more resources in recycling and recoverable
loan products.

GF3 My bank increases investment in waste management and green
manufacturing projects for businesses.

GF4 My bank increases investment in energy-efficiency projects
for businesses.

GF5 My bank has increased its investment in green industry development.

GF6 My bank increases its investment in green marketing.

Fintech adoption

FTA1

The adoption of fintech can reduce costs (for example, by reducing the
purchase price of goods/services online, eliminating travel expenses,
and reducing the cost of online communication instead of telephone or
personal communication)

[69]

FTA3
The adoption of financial technology not only provides access to new
knowledge and technology but also enhances self-learning and
increases information technology literacy.

FTA4
Fintech applications can prevent online fraud, reduce information
security risks, and improve the safety of financial transactions for
individuals and society.

FTA5
Financial technology applications are suitable for people living in
remote areas, those with disabilities, the elderly, and those with low
education levels, so they can obtain convenient financial services.

FTA6
Financial technology applications can conserve energy and are also
considered environmentally responsible, making them favored
by consumers.
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Table 1. Cont.

Variables Items Descriptions Sources

Perceived
environmental
responsibilities

PER1 Environmentally aware protection starts with me.

[70]

PER2 Environmental protection is my obligation.

PER3 Cultivate environmental awareness from a young age.

PER4 Environmental protection in Taiwan is my responsibility.

PER5 I do not need to bear the responsibility for environmental protection;
that is the responsibility of the Taiwanese government.

Green process
innovation

performance

GI1 My bank chooses to focus on companies that can effectively reduce
harmful substance emissions or waste when selecting loan companies.

[71]
GI2

My bank chooses loan companies, mainly companies that can
effectively recycle waste and allow emissions and waste to be treated
and reused.

GI3 My bank can effectively reduce water consumption, electricity, and
improve operating procedures.

GI4 My bank can effectively reduce the use of paper and electric lights.

Banks’ sustainability
performance

BSP1 Practicing green banking has significantly increased my bank’s revenue
and market share.

[72]

BSP2 Green banking practices have significantly reduced my bank’s
operating expenses.

BSP3 Green banking practices at my bank significantly improve resource
management efficiency.

BSP4 Principles of environmental standards influence my bank’s practice of
green finance.

BSP5 Green banking practices have reduced much of my bank’s energy
consumption.

BSP6 Green banking practices reduce much of my bank’s paper and other
material usage.

BSP7 My bank’s image is enhanced through the practice of green finance.

BSP8 The practice of green banking enhances the trust of shareholders and
other stakeholders in the bank.

BSP9 Enhancing environmental responsibility and compliance with social
norms and regulations is a crucial step in the practice of green banking.

The structured questionnaire of this research was designed based on adaptations of
the scales from the abovementioned scholars. While maintaining the intended meaning
of the original questions, they were appropriately modified to suit the context of bank
employees’ perceptions of sustainable performance. The questionnaire was reviewed by
two bank executives and two scholars, and a pilot study was conducted with 35 participants
to assess the reliability and consistency of the questionnaire. The results show that the
Cronbach’s α reliability coefficient for each construct exceeded 0.70, which indicates the
good reliability and consistency of the questionnaire items; thus, the questionnaire content
was deemed consistent, reliable, and aligned with the banking industry’s current situation
and effectively captured bank employees’ psychological perceptions. Based on these results,
the formal questionnaire was administered.

3.2. Questionnaire Design and Sampling

The first part of the questionnaire collects respondents’ demographic information,
while the second part contains measurement items for this research, including 5 items
for GF, 4 items for GI, 5 items for PER, 5 items for FTA, and 9 items for BSP, for a total
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of 29 items. The questionnaire responses were collected using a seven-point Likert scale,
and the questionnaire was distributed through the market research company DO SURVEY,
which uses email surveys to collect data. All interviews in this research were conducted
in Chinese. The collected data were recorded and transcribed by the researchers and then
translated into English. The translated questionnaire was reviewed by professionals to
ensure that it accurately reflected the intentions of the original questions.

The target population for the questionnaire was bank employees working in listed
and non-listed banks in Taiwan. The questionnaires were distributed directly to bank
employees to avoid sampling errors, thus ensuring responses from the target population.
Specifically, general bank employees (accounted for about 60%) and supervisors (accounted
for about 40%) were taken as the survey subjects to distinguish the possible influences
caused by rank. The questionnaire was issued through an exclusion method, that is, the
respondents were bank employees who completed the questionnaires to avoid sampling
errors in responses from the respondents. The sampling period for this research was from
28 February 2023 to 10 June 2023; 383 questionnaires were collected, and, after excluding
invalid responses, there were 325 valid responses. According to [73], a sample size ranging
from 250 to 500 is considered appropriate for surveys. Additionally, Ref. [74] suggested
that the sample size for SEM analysis should be at least 10 to 20 times the number of the
model variables. Regarding maximum likelihood estimation (MLE) analysis, a sample size
ten times the number of the model variables is the minimum requirement [75]. The sample
size in this research meets the SEM sample-size requirements, as proposed by scholars.

3.3. Sample Characteristics

A total of 338 questionnaires were collected for analysis, and, after excluding invalid
questionnaires, a total of 325 questionnaires were retained for statistical analysis using SPSS
for Windows 21.0 software. Demographic data showed that 48% of the respondents were
male, and 52% were female. The respondents were bank employees, with 76.02% aged
between 35 and 64. The educational backgrounds of the respondents were varied, with
93.54% having a bachelor’s or master’s degree, and only 1.5% having a doctoral degree.
General staff accounted for 60.62%, while managerial staff accounted for 39.38%. Publicly
listed banks accounted for 70.46%, while non-listed banks accounted for 29.54%. A total
of 66.77% of the respondents had more than 10 years of work experience in the banking
industry, while 33.23% had less than 10 years of experience. A total of 84% of the bank
employees showed increased concern for environmental issues in the post-pandemic period.
Meanwhile, banks have been actively cultivating talents with knowledge of green and
sustainable finance, with 71.38% currently involved in such initiatives and 21.23% planning
future efforts. In summary, the analysis results indicate that Taiwan’s bank employees have
shown greater concern for environmental protection issues in the post-pandemic period,
and banking institutions have been actively fostering an understanding of green finance
and cultivating talent. The demographic survey data are presented in Table 2.

3.4. Reliability and Validity Analysis

This research used composite reliability (CR) to measure the internal consistency of the
items within each construct, where higher reliability indicates greater consistency among
construct indicators. The CR values for the five constructs in this research were GI (0.851),
GF (0.938), PER (0.781), FTA (0.839), and BSP (0.932). Average variance extracted (AVE)
was used to measure the variance explained by the measurement variables with respect
to the latent variables, where a higher AVE indicates that the observed variables better
reflect the underlying traits of the common construct factors. The AVE values for the five
constructs were GI (0.589), GF (0.716), PER (0.439), FTA (0.51), and BSP (0.605). All these
values meet the convergence validity criteria proposed by [76], which states that CR values
should be greater than 0.7, and AVE should be greater than 0.5. The factor loadings (λ) for
all items, except for the item “Environmental conservation is not my obligation, but that
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of the government” (λ = 0.273), were above 0.6; therefore, all five constructs in this model
demonstrate convergence validity. Refer to Table 3 for more details.

Table 2. The demographic profile of respondents.

Variables Particular Responses Percentage%

Gender

Male 156 48.00%

Female 169 52.00%

Total 325 100.00%

Age

18–24 year 25 7.69%

25–34 year 51 15.69%

35–44 year 82 25.23%

45–54 year 105 32.31%

55–64 year 60 18.46%

65 year and over 2 0.62%

Total 325 100.00%

Education

High school or below 16 4.92%

Bachelor’s degree 218 67.08%

Master’s 85 26.46%

Ph.D. 5 1.54%

Total 325 100.00%

Working experience

0–3 years 46 14.15%

3–5 years 22 6.77%

5–10 years 40 12.31%

Above 10 years 217 66.77%

Total 100.00%

Job position

Officer 197 60.62%

Principal Officer 50 15.38%

Assistant Manager 63 19.38%

Manager 15 4.62%

Total 325 100.0

After the outbreak of COVID-19,
has there been increased concern
about environmental
protection issues?

YES 273 84.00

NO 52 16.00

Total 325 100

Talent cultivation in green and
sustainable finance

YES 232 71.38%

Planning stage 69 21.23%

NO 24 7.38%

Total 325 100.00%

Listed (OTC) or non-listed

Listed government bank 64 19.69%

Listed non-government
Bank 165 50.77%

Non-listed banks 96 29.54%

Total 325 100.00%



Sustainability 2023, 15, 15925 10 of 19

Table 3. Analysis of confirmatory factors.

Construct Item Model Parameter Estimates Item
Reliability Residuals Convergent

Validity
Unstd. S.E. t-Value p Std. SMC 1-SMC CR AVE

GI 1

GI1 1 0.807 0.651 0.349 0.851 0.589

GI2 0.961 0.061 15.711 *** 2 0.770 0.593 0.407

GI3 0.896 0.068 13.267 *** 0.747 0.558 0.442

GI4 1.058 0.081 13.039 *** 0.743 0.552 0.448

GF 1

GF1 1 0.825 0.681 0.319 0.938 0.716

GF2 0.961 0.054 17.807 *** 0.817 0.667 0.333

GF3 1.059 0.054 19.562 *** 0.87 0.757 0.243

GF4 0.989 0.053 18.658 *** 0.849 0.721 0.279

GF5 0.979 0.052 18.881 *** 0.857 0.734 0.266

GF6 0.998 0.053 18.931 *** 0.859 0.738 0.262

PER 1

PER1 1 0.676 0.457 0.543 0.781 0.439

PER2 0.95 0.096 9.859 *** 0.601 0.361 0.639

PER3 1.407 0.116 12.126 *** 0.812 0.659 0.341

PER4 1.397 0.117 11.909 *** 0.801 0.642 0.358

PER5 0.3 0.066 4.556 *** 0.273 0.075 0.925

FTA 1

FTA1 1 0.653 0.426 0.574 0.839 0.51

FTA2 0.829 0.075 11.107 *** 0.749 0.561 0.439

FTA3 0.945 0.091 10.335 *** 0.708 0.501 0.499

FTA4 1.05 0.096 10.945 *** 0.753 0.567 0.433

FTA5 0.912 0.086 10.638 *** 0.705 0.497 0.503

BSP 1

BSP1 1 0.733 0.537 0.463 0.932 0.605

BSP2 1.01 0.08 12.587 *** 0.695 0.483 0.517

BSP3 1.065 0.076 14.08 *** 0.774 0.599 0.401

BSP4 1.099 0.071 15.436 *** 0.849 0.721 0.279

BSP5 1.117 0.073 15.379 *** 0.847 0.717 0.283
BSP6 1.128 0.08 14.126 *** 0.787 0.619 0.381

BSP7 1.061 0.073 14.535 *** 0.802 0.643 0.357

BSP8 0.994 0.072 13.802 *** 0.757 0.573 0.427

BSP9 0.952 0.071 13.474 *** 0.743 0.552 0.448
1. GI is green process innovation; GF is green finance; PER is perceived environmental responsibilities; FTA is
fintech adoption, BSP is banking sector sustainability performance. 2. *** p < 0.001.

The research used CFA to detect the common method variance, and five eigenvalue
factors were extracted using the VARIMAX axis. The explained variance of the first factor
was 46.53%, and the explained variance of the cumulative five factors was 67.715%, which
is consistent with the finding of [77]. When the explained variance of the first factor is less
than 50%, it cannot explain all the variances. The test result was p < 0.000; thus, the problem
of common method variance did not exist. This research examined the discriminant validity
among the constructs using the average variance extracted (AVE) method. The square
roots of the AVE for each construct, 0.714, 0.663, 0.767, 0.846, and 0.778, respectively, were
greater than the correlation between the constructs, which demonstrates the presence of
discriminant validity among the constructs [76]. Please refer to Table 4 for more details.
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Table 4. Discriminant validity.

Cronbach’s
Alpha FTA PER GI GF BSP

FTA 3 0.758 0.714 1

PER 3 0.789 0.571 2 0.663 1

GI 3 0.871 0.441 0.686 2 0.767 1

GF 3 0.957 0.414 0.681 0.751 2 0.846 1

BSP 3 0.968 0.483 0.626 0.710 0.736 2 0.778 1

1. The bold italic value indicates the square root of AVE. 2. Off diagonals are the Pearson correlation of constructs.
3. GI is green process innovation; GF is green finance; PER is perceived environmental responsibilities. FTA is
fintech adoption, and BSP is banking sector sustainability performance.

4. Research Results
4.1. Data Analysis

This research employed AMOS 21 and SEM to assess the proposed hypotheses. SEM
can provide comprehensive and complete information, including evaluations of all parame-
ters. SEM is a multivariate statistical tool commonly used to examine relationships between
latent variables [77], and it has been shown that SEM techniques can effectively discuss
complex models in a straightforward manner [78,79]. Furthermore, CB-SEM is used to test
existing theories [78]. As the research framework of this research is based on existing theo-
ries, CB-SEM was employed to explore the relationships between variables. SEM analysis
provides a measure of fit between the hypothesized model and the collected data [80]. This
research used the model fit indices recommended by scholars, such as [81,82], to assess
the model fit. The chi-square value (model fit test statistic, χ2) compares the difference
between the sample covariance matrix and the model-implied covariance matrix and serves
as the foundation for evaluating SEM fit indices, which include goodness of fit index (GFI),
adjusted goodness of fit index (AGFI), root mean square error of approximation (RMSEA),
comparative fit index (CFI), non-normed fit index (NNFI), incremental fit index (IFI), and
standardized root mean square residual (SRMR).

The chi-square value, which is sensitive to the sample and can be influenced by the
complexity of the model, was calculated using the maximum likelihood (ML) estimation
method. Ref. [83] suggested using the ratio of the chi-square value (χ2) to the degrees
of freedom (df) (χ2/df) as an indicator of overall fit, where a χ2/df ratio of 5 or less
is considered acceptable [73]. GFI and AGFI values ranging from 0.8 to 0.89 indicate
reasonable fit [84–86], while an RMSEA value between 0.05 and 0.08 suggests good model
fit [73]. An NNFI value greater than 0.90 is considered a good fit indicator, with larger
values indicating better fit [86,87].

4.2. Verification of the Hypothesis Results

According to the results of the structural model analysis, the various fit indices of
the research model are χ2 (Chi-square) = 988; χ2/df = 2.692; GFI = 0.815; AGFI = 0.781;
RMSEA = 0.072; CFI = 0.905; and TLI = 0.900, which are within the scope proposed by
scholars [86,87], and SRMR = 0.0531. Except for AGFI, which is 0.78, all other indices meet
the recommended criteria mentioned earlier, indicating the research model has good fit.
The R2 values for the model are R2 (FTA) = 0.395; R2 (GF) = 0.714; and R2 (BSP) = 0.706,
indicating a moderate level of explanatory power for the model. The main purpose of this
research is to examine whether the PER of bank employees and GI have an impact on BSP
in the late phase of the pandemic. Additionally, this research investigates whether FTA and
GF mediate the effects of PER and GI on BSP.

This research revealed some notable findings. The results showed that GI has signifi-
cant influence on GF (β = 0.608, p = 0.000) and BSP (β = 0.341, p = 0.000), which supports
hypotheses H2 and H3 of this research. These findings are consistent with the research
of [8,11,15–18,40,41]. Furthermore, PER has significant impact on GF (β = 0.403, p = 0.000)
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and FTA (β = 0.734, p = 0.000); employees use perceived behavior to increase their will-
ingness to carry out FTA due to serious threats, which in turn affects the development of
GF, and this is consistent with the PER proposed by the TPB [24], which supports hypothe-
ses H4 and H5 of this research. These findings are consistent with the research findings
of [56–58].

On the other hand, regarding the impact of GI on FTA (β = 0.019, p = 0.874), the impact
of PER on BSP (β = −0.06, p = 0.642), and the impact of FTA on GF (β = −0.059, p = 0.38),
the results were statistically insignificant, meaning hypotheses H1, H6, and H7 were not
supported. These findings are consistent with the research of [39,53]. Furthermore, GF
(β = 0.375, p = 0.000) and FTA have significant positive impact on BSP (β = 0.171, p = 0.000),
which supports hypotheses H8 and H9 of this research. These findings are consistent with
the research of [55], [64,65]. The overall model fit and results of the path analysis for each
hypothesis are presented in Table 5 and Figure 2.

Table 5. Result of final model.

Hypothesis Path B β S.E. C.R. p Value Hypothesis Confirmed
(Y/N)

FTA 2 ←- GI 2 0.981 0.019 0.12 0.158 0.874 H1 N

GF 2 ←- GI 0.266 0.608 0.103 5.883 *** 1 H2 Y

BSP 2 ← GI 0.392 0.341 0.099 3.434 *** H3 Y

GF ← PER 2 0.597 0.403 0.154 2.612 ** 1 H4 Y

FTA ← PER 1.059 0.734 0.18 4.076 *** H5 Y

BSP ← PER 0.659 −0.06 0.128 −0.464 0.642 H6 N

GF ← FTA 1.06 −0.059 0.067 −0.878 0.38 H7 N

BSP ← GF 0.625 0.375 0.076 4.904 *** H8 Y

BSP ← FTA 0.829 0.171 0.059 2.917 ** H9 Y
1. *** p < 0.001, ** p < 0.01 2. Remarks: GI is green process innovation; GF is green finance; PER is perceived
environmental responsibilities; FTA is fintech adoption; BSP is banking sector sustainability performance. R2

(FTA) = 0.395, R2 (GF) = 0.714, R2 (SP) = 0.706. Goodness of fit statistic χ2 (Chi-square) = 988; χ2/df = 2.692;
TLI = 0.900; GFI = 0.815; AGFI = 0.781; CFI = 0.905; SRMR = 0.0531; RMSEA = 0.072.
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4.3. Mediation Effect Analysis

The mediation effect, also known as the indirect effect, refers to the influence of
independent variable X1 on dependent variable Y through the mediating variable X2. The
mediation effect is typically defined as a reduction in the regression coefficient of X1 on Y
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when the influence of X2 is controlled [88–90]. Bootstrap analysis, as introduced by [91], is
a non-parametric statistical inference method that increases the sample size by repeatedly
sampling from the existing sample, thereby approximating the population. This research
used PROCESS macro version (Model 6) software for path analysis, as developed by [92],
which is based on regression analysis to estimate and examine the moderated mediation
models and calculate the conditional indirect effects [93]. Bootstrap analysis, as suggested
by [94], was employed to test the indirect effects. The statistical software Process [93] was
used for analysis, and 5000 bootstrap resamples, as recommended by [94], were conducted
to validate the mediation effects.

Based on PROCESS Model 6, this research examined the indirect effects by checking the
bias-corrected 95% of the confidence interval for the upper and lower bounds, excluding
zero [94]. First, the mediation effect between PER and BSP was examined; then, the
mediation effect between GI and BSP was examined. The results of the mediation effects
of PER on BSP through FTA and GF are as follows: the bootstrap effect of PER on BSP
through FTA is significant with β = 0.0896, (0.022, 0.169), indicating that the PER among
bank employees affects BSP through FTA, which supports hypotheses H5 and H9. The
bootstrap effect of PER on BSP through GF is significant with β = 0.1545, (0.082, 0.234),
indicating that the perception of environmental responsibility among bank employees
affects sustainable performance through GF, which supports hypotheses H4 and H8. The
bootstrap effect of PER on BSP through FTA and GF is not significant with β = −0.0005,
(−0.0259, 0.0251), indicating that during the late phase of the pandemic, the PER among
bank employees did not have an impact on GF or on sustainable performance through FTA,
which supports hypotheses H5 and H8, but does not support H7.

The total indirect effect of PER on BSP is β = 0.2436, (0.151, 0.342), which is significant.
The direct effect of PER on BSP is β = 0.067, (−0.059, 0.195). Based on the research conducted
by [90,95,96] regarding the judgment of mediation effects, if the indirect effect falls within
the 95% confidence interval and includes zero, it is not significant, indicating no mediation
effect. If the indirect effect falls within the 95% confidence interval and does not include
zero, it is significant, indicating a mediation effect. If the direct effect falls within the 95%
confidence interval and includes zero, it is not significant, indicating a complete mediation
effect. The abovementioned results indicate that FTA and GF fully mediate the relationship
between PER and BSP.

Mediation effects of GI on BSP through FTA and GF: the bootstrap effect of GI on BSP
through FTA is not significant with β = 0.012, (−0.008, 0.044), indicating that the impact
of GI through FTA on BSP is not significant, which supports H9, but does not support
H1. The bootstrap effect of GI on BSP through GF is significant with β = 0.199, (0.119,
0.293), indicating that the impact of GI through GF on BSP is significant, which supports
hypotheses H2 and H8. The bootstrap effect of GI on BSP through FTA and GF is not
significant with β = 0.000, (−0.004, 0.006), indicating that the impact of GI on FTA and GF
on BSP is not significant, which supports H8, but not H1 or H7.

The total indirect effect of GI on BSP is β = 0.211, (0.135, 0.300), indicating that
green innovation by bank employees can affect BSP. The direct effect of GI on BSP is
β = 0.261, (0.163, 0.359). Based on the research conducted by [90,95,96] regarding the study
of mediation effects, the results of this research indicate that FTA and GF partially mediate
the relationship between GI and BSP. The PROCESS Model 6 analysis results are shown in
Table 6.
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Table 6. The path’s indirect effect from the mediation models. (Model 6).

Media Path
Bootstrap 5000 Confidence Interval 2

Effect Bootstrap SE LLCI ULCI

Total indirect effect

PER1→BSP 1 0.2436 0.0495 0.1505 0.3424

The path’s indirect effects

PER→FTA 1→BSP 0.0896 0.0376 0.0221 0.1697

PER→GF1→BSP 0.1545 0.0382 0.0824 0.2337

PER→FTA→GF→BSP −0.0005 0.0126 −0.0259 0.0251

Direct effect

PER→ BSP 0.0676 0.0648 −0.0599 0.1951

Media Path
Bootstrap 5000 Confidence Interval

Effect Bootstrap SE LLCI ULCI

Total indirect effect

GI1→BSP 0.211 0.042 0.135 0.300

The path’s indirect effects

GI→FTA→BSP 0.012 0.013 −0.008 0.044

GI→GF→BSP 0.199 0.044 0.119 0.293

GI→FTA→GF→BSP 0.000 0.002 −0.004 0.006

Direct effect

GI→BSP 0.261 0.050 0.163 0.359
1. Remarks: GI is green process innovation; GF is green finance; PER is perceived environmental responsibilities;
FTA is fintech adoption; BSP is banking sector sustainability performance. 2. Number of bootstrap samples for
bias-corrected bootstrap confidence intervals: 5000.

5. Conclusions

The focus of this research was to examine the impact of employees’ PER and GI on
BSP in Taiwan in the late phase of the pandemic. This research attempted to investigate
the mediating role of FTA and GF in the relationship between PER, GI, and BSP in the
context of Taiwan’s banking institutions. This research employed the CB-SEM technique to
examine the relationships among the variables, and the empirical findings indicate that
GI has a significant positive impact on GF and BSP, while PER has a significant positive
impact on GF and FTA. Notably, there were no significant effects of GI on FTA or GF or of
PER on BSP during the post-pandemic period. Furthermore, the results demonstrate that
both GF and GI have a significant impact on BSP. Additionally, the empirical data show
the mediating role of GF in the relationship between PER, GI, and BSP in the context of
banking institutions.

This research identified some notable findings. The results indicate that FTA has
not had a significant effect on GI among Taiwan’s banking employees during the post-
pandemic period. This phenomenon can be attributed to employees’ initial concerns
about the security of fintech, which resulted in lower adoption rates before the pandemic;
however, during the pandemic, the avoidance of physical contact led to an increase in FTA.
Post-pandemic, employees no longer perceive financial technology as having significant
influence on GF. Additionally, the innovations of green processes do not necessarily have to
rely on financial technology to impact sustainable performance. Therefore, in and beyond
the post-pandemic period, this research confirms that Taiwan’s banking employees have
doubts about the security of financial technology and are more inclined to enhance BSP
through GI, which differs from other research findings. Furthermore, this research found
that there has been no significant impact of FTA on GF among Taiwan’s banking employees
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in the late phase of the pandemic. Non-contact financial technology can achieve green
financing and fund management through green process innovation. PER does not have
a significant effect on BSP. Employees must rely on GF or FTA to achieve sustainable
performance through their perception of environmental responsibility.

Based on the empirical findings of this research, FTA has significant impact on BSP,
which implies that adopting new financial technology is an important step for the banking
industry in order to achieve sustainable performance, such as e-payments, digital lending,
mobile banking, online customer services, etc. As FTA enhances BSP, it is recommended
that banks incorporate financial technology into their daily operations to achieve overall
sustainability.

The results also indicate that GI has a favorable impact on GF, which means that GI
contributes to increasing the acceptance of GF within banking institutions and enables the
banking industry to achieve sustainable performance.

In the late phase of the pandemic, employees use perceived behavior to increase their
willingness to carry out FTA due to serious threats, which in turn affects the development
of GF. The findings of this research show that PER has a significant impact on both GF
and FTA among employees, which suggests that the late phase of the pandemic has
indeed heightened employees’ awareness of environmental protection. This is consistent
with the PER proposed by the TPB. Simultaneously, in response to the pandemic, the
banking industry has leveraged FTA to create new fintech and green investment channels
to enhance the operation of green funds, which play a crucial role in providing GF. Overall,
the results of this research highlight the importance of FTA and GI in promoting BSP, while
underscoring the role of employees’ PER and the industry’s efforts to respond to the late
phase of the pandemic by embracing FTA and promoting GF.

Finally, the mediation results demonstrate that GF fully mediates the relationship
between GI in BSP, which indicates that GI has direct impact on BSP and is indirectly
influenced by the mediating role of GF. Moreover, the empirical data show that GF plays a
significant mediating role between PER and BSP, which highlights the importance of green
activities, such as GF, green banking, and green financing, in enhancing the relationship
between PER, GI, and SP. There is a lack of literature that focuses on the relationship
between GI, PER, and BSP from the perspective of banking industry employees, particu-
larly using FTA and GF as mediators, in a developed country like Taiwan. This research
addresses this gap in the existing literature. In conclusion, FTA, GF, and GI can contribute
to reducing carbon emissions and paper usage, save energy, and provide green training
for banking employees, which will lead to significant improvements in BSP. Enhancing
the overall sustainability performance of banks can contribute to Taiwan’s green growth;
therefore, bank managers should focus on adopting financial technology and developing
green process innovations to support the sustainable operations of their organizations.

This research examines how banking institutions can utilize employees’ PER, GI, FTA,
and GF to enhance the overall BSP. The research findings demonstrate the importance of
integrating employees’ perceptions of environmental responsibility and the practices of
GI, FTA, and GF into the daily operations of banking institutions to achieve sustainable
performance. Furthermore, the results provide practical managerial insights for bank
managers and policymakers, including the use of innovative fintech and the funding of
green finance initiatives to improve the overall sustainability performance of the financial
sector, enhance employees’ attitudes towards environmental protection, and foster a culture
of green process innovations within banks. To enhance sustainable performance, managers
and policymakers must prioritize the adoption of innovative fintech, green finance, and
green process innovations. This research makes significant contributions to the literature
regarding environmental sustainability, FTA, GF, green process innovation, and sustainable
performance management in banking.
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6. Limitations and Future Research Directions

There are several limitations to this research that need to be addressed in future
research. Firstly, as the questionnaire was anonymous, the respondents could not be
tracked; thus, in-depth interviews were not conducted. The authors will pay attention
to this part in the follow-up research. As the sample size of this research was limited to
325 employees from Taiwan banks, the findings may not be applicable to other countries
or banking sectors; thus, the results are only generalizable to banking industries with
economic and cultural backgrounds similar to Taiwan. Future research could utilize larger
samples and include participants from financial industries in different countries. Secondly,
this research examined the effects of perceived environmental responsibility (PER) and
green process innovation (GI) on banking sector sustainability performance (BSP), with
fintech adoption (FTA) and GF as mediators. However, incorporating additional mediators,
such as environmental strategic analysis, employee green behavior, and improved green
technological capabilities, could enhance the explanatory power of the existing research
model. Finally, the assessment measures of banking sector sustainability performance
(BSP) did not consider whether the studied banks had established sustainable development
policies and procedures to demonstrate their commitment to sustainable performance;
therefore, it is suggested that future research could consider incorporating multigroup
analysis as a research method and focus on alternative environmental promotion strategies,
thereby enhancing the analytical and explanatory capabilities of the research model.
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