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Abstract

:

This study delves into the dynamic interplay between green finance, Fintech adoption, digital awareness, and digital transformation in the Croatian banking industry. Amidst the emerging trend of sustainable banking practices and technological advancements, this research aims to examine the influence of green finance on Fintech adoption and banking sustainability. Employing a quantitative research design, this study gathered data through a survey questionnaire of 304 participants, comprising customers and employees of various banks in Croatia. The respondents’ insights were analyzed using IBM SPSS for the demographic analysis and SmartPLS for structural equation modeling (SEM). The results reveal a significant impact of green finance on Fintech adoption and digital awareness. Additionally, digital awareness significantly influenced Fintech adoption. However, the direct effect of digital transformation on Fintech adoption was not significant. This study also confirmed the significant influence of Fintech adoption on banking sustainability and identified the mediating role of digital awareness between green finance and Fintech adoption. This research contributes novel insights into the relationship between sustainable finance initiatives and digital banking trends. It underscores the need for increased digital awareness and the integration of green finance principles in the banking sector. These findings offer practical implications for banks in Croatia, suggesting a strategic focus on digital awareness programs, leveraging Fintech for enhanced customer experience, and fostering collaboration for a conducive Fintech environment.
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1. Introduction


The banking industry has experienced a shift due to the emergence of Fintech, which combines finance and technology. Náñez Alonso (2023) shows Central Bank Digital Currencies (CBDCs) can be green and sustainable depending on a country’s electricity prices, renewable energy production, CO2 emissions, and CBDC design. Green digital finance has advanced in the Bahamas and Jamaica, highlighting the need for cleaner energy sources for CBDC sustainability (Náñez Alonso 2023). On the other hand, Corbet and Yarovaya (2020) emphasize cryptocurrency markets’ environmental impact; particularly, mining has high electricity use. Despite its complexity, this highlights the importance of environmental issues for investors because electricity consumption directly affects mineable cryptocurrency valuations and investment returns. This change is particularly evident in the field of finance, where it plays a role in promoting sustainability.



Several studies conducted by Elsinger et al. (2018), Kasturi (2023), Rehman et al. (2023), and Udeagha and Muchapondwa (2023) highlight the increasing trends of Fintech in enabling finance and its potential to enhance sustainability within the banking sector. This trend is not confined to any region but extends across various areas ranging from well-developed banking sectors in Europe to emerging economies in Asia and Africa. The research delves into aspects related to this intersection, such as the utilization of transformation in banking (Rodríguez-Espíndola et al. 2022), the impact of Fintech on banking models (Lee and Shin 2018; Folwarski 2021; Sarfraz et al. 2022), and how raising awareness about issues can foster the adoption of Fintech (Lee and Shin 2018). Despite there being a body of literature, it reveals gaps in understanding the relationship between finance, digital transformation, and digital awareness, specifically within the Croatian banking sector.



The research conducted by Udeagha and Muchapondwa (2023) and Muganyi et al. (2021) provides insights into the role of Fintech and green finance in promoting sustainability. However, these studies overlook the context of the Croatia banking industry. It is important to consider this omission because regions have regulatory frameworks that influence the adoption and effectiveness of Fintech and green finance initiatives. Additionally, Lee and Shin (2018), Sarfraz et al. (2022), and Rodríguez-Espíndola et al. (2022) emphasize the importance of transformation and awareness. In the banking industry few studies integrate these aspects with finance and Fintech adoption in a comprehensive model. Nassiry (2018), Omarini (2017), and Folwarski (2021) have highlighted this lack of integration in context research, arguing that understanding the interaction between these variables would be crucial for driving changes in banking practices, but it has not received attention.



Another notable gap in the research is the investigation into the cause-and-effect relationship between Fintech adoption and green finance possibilities. While studies like those conducted by Yan et al. (2022) and Liu et al. (2022) offer evidence on how Fintech impacts finance, less focus has been placed on exploring how green finance initiatives stimulate Fintech adoption and drive digital transformation within the banking industry.



According to the research conducted by Danladi et al. (2023) and Mavlutova et al. (2022), it is crucial to consider the role of awareness in the adoption of Fintech and the potential impact of finance, particularly in emerging economies and rapidly digitizing industries. Previous studies have overlooked these aspects, creating a gap that needs to be addressed in order to develop strategies within the banking industry.



This study aims to fill these gaps and contribute to the Croatian banking industry. Its focus is on understanding the dynamics between finance, digital transformation, and digital awareness in driving Fintech adoption within the Croatian banking sector. It is worth noting that this specific aspect has not been adequately covered in the literature, including the works by Dapp (2017) and Dell’Erba (2021). Additionally, this research seeks to explore the relationship between Fintech adoption and green finance, investigating how each factor is influenced by digital elements. These perspectives are notably absent from the studies conducted by Guang-Wen and Siddik (2023) and Abdul-Rahim et al. (2022).



By combining these elements into a framework, this research will provide insights for professionals in the industry and policymakers. This will guide them in developing strategies that effectively leverage transformation, Fintech adoption, and green finance initiatives. Additionally, this study aims to achieve the research objectives:




	
To examine the influence of green finance on Fintech adoption, digital transformation, and digital awareness, in turn, on banking sustainability in the Croatian banking industry.



	
To examine the influence of digital transformation and digital awareness on Fintech adoption in the Croatian banking industry.



	
To explore the mediating role of digital transformation and awareness between green finance and Fintech adoption in the Croatian banking industry.









2. Literature Review


2.1. Underpinning Theory to Support Digitalization and Sustainability


The resource-based view (RBV) provides insights into the adoption of Fintech and the sustainability of banking. According to Gupta et al. (2018) and David-West et al. (2018), information systems and digital capabilities are assets in the banking sector. These studies illustrate how digital financial services will be leveraged as an advantage that ensures long-term success, aligning with the RBV’s core principles of utilizing resources for sustainable performance. Chaudhuri et al. (2022) also underscore the significance of capabilities in medium-sized enterprises (SMEs), particularly within the context of the circular economy. This perspective expands upon the RBV by integrating sustainability and customer value, suggesting that transforming banking through means can enhance both sustainability efforts and customer satisfaction.



In addition, Nagy et al. (2018) delve into how the Indian engineering industry embraces technologies within Industry 4.0. Their research carries implications for banking, where adopting Fintech represents a leap forward. Based on their analysis grounded in the RBV, they propose that integrating technology enhances efficiency and competitive positioning, which are aspects of sustainable banking practices. Shibin et al. (2020), combining the RBV with theory, examine supply chain management practices in SMEs while highlighting how digital technologies can foster sustainability.



This suggests that incorporating Fintech into the banking industry enhances sustainability and efficiency according to the RBV. The studies conducted by Rajkumar et al. (2020) on Fintech awareness and impact demonstrate the growing significance of understanding Fintech and its practical application in banking. These studies align with RBV’s emphasis on knowledge and capability management, highlighting the role of awareness and knowledge in adopting Fintech. Additionally, Yadav et al.’s (2022) research on financial literacy among women reinforces the importance of widespread digital education for driving the adoption of Fintech.




2.2. Green Finance and Fintech Adoption (Online Payment)


Green finance plays a positive role in the uptake of Fintech (online payments) within the banking sector. Empirical research conducted by Guang-Wen and Siddik (2023) and Udeagha and Muchapondwa (2023) provides evidence of the significant impact of green finance factors on the adoption of Fintech across various regions. These studies highlight that incorporating practices in financial services often driven by consumer demands and regulatory requirements accelerates the adoption of innovative financial technologies. Given the shift toward sustainability and consumers’ increasing preference for responsible banking practices, this connection holds particular relevance in the context of the Croatian banking industry. Additionally, Lee and Shin (2018), Golubić (2019), Yan et al. (2022), and Muganyi et al. (2021) further support this notion by demonstrating how embracing Fintech with support from finance enhances the sustainability performance of banking institutions. This indicates a growing trend where financial organizations utilize Fintech to enhance their sustainability efforts by aligning with principles espoused by finance (Golubić 2019). Furthermore, the research on the implications of transformation in the financial sector reinforces the idea that green finance promotes the adoption of Fintech.



For instance, the research conducted by Omarini (2017), Lee and Shin (2018), Folwarski (2021), and Sarfraz et al. (2022) reveals the impact of transformation on the banking sector, specifically emphasizing the significance of adopting Fintech. These studies highlight that embracing finance is an effort to stay competitive and relevant in an increasingly digitalized financial landscape, driven by both regulatory requirements and environmental considerations. Incorporating Fintech payment systems while adhering to green finance principles within the Croatian banking industry can be seen as a strategic response to evolving customer preferences and market conditions. Additional research by Dapp (2017) and Barroso and Laborda (2022) demonstrates that this adoption aligns with trends. Finally, this study proposes a research hypothesis:



H1. 

Green finance significantly and positively influences Fintech (online payment) adoption in the Croatian banking industry.






2.3. Green Finance and Green Awareness


Various literature trends and research findings strongly support the idea that green finance has a positive impact on raising awareness about issues within the banking industry. Lapinskienė and Danilevičienė (2023) and Abuatwan (2023) explore the sustainability performance of the banking sector, and the role of its presence in moderating it reveals that green finance influences practices, awareness within the sector, and people’s perceptions. This research suggests that implementing finance strategies can enhance consciousness in banking operations, leading to more sustainable practices. In another vein, Liu et al.’s (2022) investigation into how green financing affects energy efficiency demonstrates how such initiatives can foster environmental awareness and sustainable practices across industries.



Furthermore, Udeagha and Muchapondwa (2023) and Tamasiga et al. (2022) provide evidence showing how green finance initiatives promote sustainability and environmental awareness in the economy. These studies highlight the role of green finance in shaping industry norms and practices while influencing environmental sustainability awareness among banks. In addition, Nassiry (2018) also discusses Fintech’s potential to facilitate finance adoption as a step toward creating an environmentally conscious and technologically advanced banking sector. Therefore, these collective insights give rise to a hypothesis:



H2. 

Green finance significantly and positively influences green awareness in the Croatian banking industry.






2.4. Green Awareness and Fintech Adoption (Online Payment)


The hypothesis that being aware of issues has a positive impact on the adoption of Fintech (online payment) in the banking industry highlights the importance of awareness and understanding in technology adoption. For example, Hanafizadeh and Khedmatgozar (2012) found that customer awareness played a role in the adoption of Internet banking, suggesting a pattern for Fintech adoption. As customers and banks become more knowledgeable about initiatives, they are more likely to embrace Fintech solutions that align with these values (2019). Namahoot and Laohavichien (2018) focus on behavioral intentions and the relationship between service quality, perceived risk, and the influence of trust on customers’ use of internet banking. Research by Handro (2018) and Rajkumar et al. (2020) demonstrates how individual knowledge about Fintech strongly influences its adoption. In light of this, it can be inferred that green awareness drives the increased adoption of Fintech solutions within the Croatian banking industry with those that promote sustainability.



Furthermore, Sarfraz et al. (2022) and Mavlutova et al. (2022) present a framework for understanding the relationship between transformation and sustainability. These studies illustrate how as banks incorporate sustainability goals into their transformation efforts, there is an increase in the adoption of Fintech solutions. Aboalsamh et al. (2023) and Mejia-Escobar et al. (2020) highlight this trend, emphasizing the role of sustainable finance in advancing different sectors. Taking into account these pieces of literature evidence, this study supports the following research hypothesis:



H3. 

Green awareness significantly and positively influences Fintech (online payment) adoption in the Croatian banking industry.






2.5. Green Finance and Digital Transformation


Studies linking financial sustainability practices to technological innovation and adoption support the hypothesis that green finance positively impacts digital transformation in the banking industry. Authors such as Macchiavello and Siri (2022) suggest that green finance principles are closely linked to digital transformation initiatives in the banking sector and that ‘green Fintech’ and ‘sustainable digital finance’ is essential to maintain environmental goals. Udeagha and Muchapondwa (2023) examine how green finance and Fintech promote environmental sustainability.



Bayram et al. (2022) and Guang-Wen and Siddik (2023) investigate the positive impact of green finance-driven Fintech adoption on the environmental performance of banking institutions. It has been found that initiatives promoting finance are closely linked to the transformation of banking processes, with technological innovation being a significant driver toward achieving sustainable financial performance. The shift toward solutions is not only strategic for enhancing operational efficiency but also for meeting the demands of sustainable finance, thus fostering an integrated approach toward environmental stewardship and technological advancement in banking. Consequently, this study proposes a research hypothesis:



H4. 

Green finance significantly and positively influences digital transformation in the Croatian banking industry.






2.6. Digital Transformation and Fintech Adoption (Online Payment)


The adoption of Fintech in the banking industry is significantly and positively influenced by the green transformation. According to Chueca Vergara and Ferruz Agudo (2021), green banking transformation leads to the increased adoption of Fintech, including payments. Fintech supports the growing demand for financial practices due to its efficiency and resource effectiveness. In addition, Aboalsamh et al. (2023) found that banks are more inclined to adopt and integrate Fintech solutions that align with their sustainability goals during their transformation.



Furthermore, Nenavath and Mishra (2023) explore how Fintech and green finance impact environmental quality protection, which demonstrates how adopting practices and financial technologies can create a sustainable banking environment. Banks require this integration in Croatia where environmental objectives are gaining importance. The green transformation of banking addresses both regulatory requirements and consumer demands for sustainability while also fueling innovations, like payment systems. Based on the existing literature evidence, a research hypothesis has been formulated:



H5. 

Green transformation significantly and positively influences Fintech (online payment) adoption in the Croatian banking industry.






2.7. Mediation of Digital Awareness between Green Finance and Fintech Adoption (Online Payment)


The research indicates that having knowledge about platforms and understanding their potential in supporting financial practices positively influences the relationship between green finance and the adoption of Fintech in the banking industry. According to Handro (2018), Hanafizadeh and Khedmatgozar (2012), and Duhnea and Schipor (2021), an improved digital awareness reduces the perceived risks and barriers associated with adopting Fintech solutions. This implies that by enhancing their understanding of platforms, individuals can be more open to embracing Fintech online payment systems in the context of green finance. Furthermore, Lee and Shin (2018) emphasize the significance of financial awareness among households for the successful adoption of new financial technologies. Therefore, it is suggested that by increasing awareness within the Croatian banking sector, customers may become more receptive to Fintech solutions driven by finance.



In addition to this mediation relationship between finance and Fintech adoption, Muganyi et al. (2021) and Sarfraz et al. (2022) highlight the broader context of green finance and digital transformation in banking. Banks should focus on raising both consumer and institutional awareness about technologies to effectively implement and utilize Fintech solutions while adhering to finance principles (Lee and Shin 2018; Sarfraz et al. 2022; Muganyi et al. 2021). It is crucial for individuals within these institutions to have a grasp on practices so that they can ensure that Fintech solutions, especially online payments systems, are technically viable and aligned with sustainability goals set by green finance initiatives.



Therefore, the research provides a hypothesis that acts as a mediator:



H6. 

Digital awareness significantly and positively mediates the relationship between green finance and Fintech (online payment) adoption in the Croatian banking industry.






2.8. Mediation of Digital Transformation between Green Finance and Fintech Adoption (Online Payment)


Digitalization plays a role in merging finance with modern financial technologies. Researchers such as Lee and Shin (2018), Duhnea and Schipor (2021), Sarfraz et al. (2022), and Mavlutova et al. (2022) demonstrate how digital transformation incorporates practices into operations, including the adoption of Fintech. To promote finance, it is essential to have a technologically adept banking sector that embraces new financial technologies. In this context, digital transformation refers to the adoption of technologies and the creation of a banking ecosystem that supports sustainability goals. Through transformation, the banking sector can effectively align finance initiatives with the operational advantages and customer-centric benefits offered by Fintech, particularly in terms of online payments.



Moreover, the studies conducted by Dapp (2017) and Omarini (2017) highlight the significance of the advancements in facilitating the adaptation of banks to emerging paradigms, like finance. This evolution entails financial institutions adopting technologies and restructuring their frameworks to meet sustainability objectives. Digital transformation in banks acts as a mediator between finance and Fintech adoption (Golubić 2019). Therefore, for integration between finance and Fintech, particularly online payment systems, it is crucial for the Croatian banking industry to undergo comprehensive digital transformation processes. Based on these justifications, this study formulates a research hypothesis:



H7. 

Digital transformation significantly and positively mediates the relationship between green finance and Fintech (online payment) adoption in the Croatian banking industry.






2.9. Green Adoption (Online Payment) and Banking Sustainability


This section provides evidence that green adoption has a positive impact on the sustainability of banks. For example, Lee and Shin (2018), Udeagha and Muchapondwa (2023), and Abuatwan (2023) demonstrate how incorporating finance into banking operations not only enhances sustainability but also sets a precedent for the entire industry. This emerging trend shows that the implementation of policy measures and conscious investments contributes to the long-term sustainability of the banking sector. In addition, banks in many countries have already introduced practices that reflect the growing recognition of responsibility as a crucial aspect of banking sustainability (Udeagha and Muchapondwa 2023). Additionally, Yan et al. (2022) and Muganyi et al. (2021) highlight how innovation through Fintech solutions further improves the sustainability of banks. These studies suggest that by combining finance initiatives with Fintech approaches, banks achieve higher levels of sustainable operations. Drawing from these pieces of literature evidence, this study proposes a research hypothesis:



H8. 

Green adoption significantly and positively influences banking sustainability in the Croatian banking industry.





Based on the literature’s pieces of evidence and hypothetical expressions, this study develops a research framework to test the hypotheses (Figure 1).





3. Research Methodology


3.1. Quantitative Research Design


As highlighted by Haq (2014) and Leavy (2022), the benefits of using a quantitative research approach prove valuable in assessing and understanding the interplay of factors in banking sustainability and the adoption of Fintech. According to Haq (2014), quantitative research offers an overview in which the desired results can be generalized. This methodology is well suited for gathering data from samples, such as the banking sector, and statistically analyzing variables, like finance and Fintech adoption. Through methods, this study identifies patterns, trends, and correlations across sectors. In addition, Leavy (2022) emphasizes how quantitative research serves to validate theories and hypotheses. As banks embrace practices alongside Fintech advancements, theories related to sustainability, digital transformation, and financial innovation can be empirically tested and substantiated. Surveys and questionnaires form the tools employed in collecting the data directly aligned with our research questions and hypotheses. Thus, this study adopts a research design.




3.2. Data Collection Procedure


The main approach used in this study to collect data was a survey questionnaire, which is widely recognized for its effectiveness in gaining insights into how consumers perceive their attitudes, satisfaction levels, and future behaviors (Bryman 2016). This study used multi-stage sampling methods to target both customers who have had experience with Fintech services (online banking) and employees of Croatian banks. The data for the variable banking sustainability were collected through direct personal contact with the bank employees at all operational levels while we disseminated and collected data from users of Fintech services on the variables of green finance, digital transformation, digital awareness, and Fintech adoption via various social networks as well as through personal contact.



The questionnaire collected information from customers regarding finance, the adoption of friendly practices, digital transformation, and digital awareness. The data on the sustainability of banks were collected from bank employees. The fact that these individuals actively use applications for banking highlights their interest in financial technology. A survey aimed to gather information on aspects such as finance, the adoption of sustainable practices, and digital transformation and awareness among customers while also obtaining insights on banking sustainability from bank employees. In addition, bank employees provided information on the company’s performance in terms of sustainability. As this group of respondents has experience with Fintech systems and services, they are in a unique position to provide insights into areas such as data usage practices, service quality, and overall customer satisfaction related to Fintech.



As Creswell (2014) points out, employees participating in data collection is essential. This helps us to understand the banks’ strategies and performance indicators. Employees’ comments play a role in improving the quality of the study data. Together with customer feedback, they provide a perspective on the sustainability performance of companies. Fowler (2014) emphasizes the effectiveness of self-report surveys in capturing assessments and personal experiences. Both customers and bank employees were given questionnaires to share their experiences and opinions. The survey was distributed to 423 participants, including both employees and customers. Initially, on 12 June 2023, we received 37 responses from customers and 45 responses from employees. Follow-up reminders were sent out on June 15, resulting in 101 customer responses and 78 additional staff responses. On July 3, further reminders led to 21 staff responses and 22 more customer responses. To ensure balance within our dataset, we requested responses from bank staff members, ultimately reaching a final count of 304 total responses.



The final response rate of 71.87% provides an analysis of the factors that influence online banking, such as system quality, information quality, service quality, customer satisfaction, Fintech behavioral intention, digital awareness, digital transformation, and firm sustainable performance.




3.3. Measurement Scales


This research incorporated measurement scales from the literature studies, which had been validated and proven reliable (with a score of >0.70). This allowed this study to empirically test the existing theory, making use of reliable scales. Four items for Fintech adoption (payment) were adapted from Rehman et al. (2023), alongside four items for sustainability and eight items for finance (four for economic green finance and four for social green finance), which were taken from Abuatwan’s (2023) research. This study employed a second-order measurement model using finance as suggested by Hair et al. (2021). Additionally, four items related to awareness were adopted from Hanafizadeh and Khedmatgozar’s (2012) study while three items concerning transformation were taken from Rodríguez-Espíndola et al.’s (2022) research.



The customer survey questionnaire contains the following items/questions about the variables: green finance, digital transformation, digital awareness, and Fintech adoption. On the other hand, the banking employees’ survey questionnaire included the following items/questions about the following variable: banking sustainability. All measures were assessed using 5-point Likert scales ranging from 1 = strongly disagree to 5 = strongly agree.




3.4. Data Analysis


It is widely recognized that social science researchers often use IBM SPSS for data management and an initial statistical analysis (Pallant 2020). According to Pallant (2020), the software was chosen for the phase of this study due to its flexibility in conducting statistical analyses and its effectiveness in handling large datasets. By utilizing the SPSS descriptive analysis, it offers an initial assessment of sample characteristics and variable distributions. Once this step is completed, the study progresses to employing SmartPLS, a tool for structural equation modeling (SEM) introduced by Ringle et al. (2022). SEM is a method used to determine how green finance factors affect sustainable development (Kamis et al. 2020). SmartPLS, which utilizes the squares (PLS) path modeling algorithm recommended by Hair et al. (2021), proves particularly useful in predictive studies where data distributions are non-normal. This approach is well suited for models with indicators and variables. Ringle et al. (2020) also mentioned that one advantage of PLS SEM is its ability to simultaneously evaluate measurement models, establishing the precision and reliability of variables while clarifying the strength and direction of their relationships. Therefore, in order to comprehensively test the research hypotheses, this study employed an equation modeling approach based on Partial Least Squares (PLSs) as described by Roemer et al. (2021).





4. Findings of the Study


4.1. Demographic Analysis


Table 1 presents detailed descriptions of the survey results from the 304 participants. The focus was on their usage of Fintech applications, reasons for using these services, gender distribution, experience with banking, and education levels. Around 53.9% of the respondents prefer using online mobile applications given by banks, while 46.1% opt for other platforms for money transfer services, like Apple pay, Google Pay, Revolut, PayPal, Aircash, Western Union, and MoneyGram. This shows that there is a range of engagement with Fintech platforms. When it comes to the purpose behind using these services, the majority (66.1%) use them for shopping, followed by 25% who use them for sending funds and 8.9% who utilize them for other purposes. This highlights how versatile Fintech is in meeting needs. In terms of the gender distribution within the survey group, it heavily skews toward males with around 87.8%, while 12.2% identify as female, indicating a gender gap in Fintech usage patterns. The respondents experience with banking is varied across durations; approximately 36.5% have been using it for 1–3 years and around 32.2% have been using it for 4–6 years, suggesting that there is a relatively experienced user base when it comes to online banking activities among Fintech users in this survey sample size. As far as their education is concerned, most of them (86.9%) have a Master’s degree in education.




4.2. Assessment of Measurement Model


In the field of finance and technology, using structural equation modeling (SEM) to assess measurement models provides insights into the reliability and validity of the concepts being studied. These models are crucial for understanding the factors that drive behaviors and outcomes in decision making, digital engagement, and sustainability efforts. When researchers evaluate these concepts, which encompass everything from the social aspects of finance to the complexities of digital transformation, Fintech adoption and banking sustainability rely on statistical measures to ensure that the models accurately represent what they intend to measure. These measures include factor loadings, the average variance extracted (AVE), Cronbach’s alpha, and composite reliability. Each of these serves a purpose in validating the robustness of these concepts.



Detailed information about the factor loadings, average variance extracted (AVE), Cronbach’s alpha, and composite reliability for constructs related to finance digital transformation and sustainability can be found in Table 2. These constructs consist of finance, green social finance, digital transformation, digital awareness, Fintech adoption, and banking sustainability. Each construct is represented by items (for example, GEF1 for economic finance). It is essential to consider the threshold values for the AVE, Cronbach’s alpha, and composite reliability when evaluating these constructs.



The AVE, which measures how much of the variance in a construct is captured compared to the measurement error, is generally considered acceptable if it is 0.5 or higher (Dash and Paul 2021). This threshold indicates that on average the construct explains more than half of the variation in its items. All constructs meet this threshold, with the AVEs ranging from 0.580 (green social finance) to 0.733 (Fintech adoption), suggesting satisfactory convergent validity. Cronbach’s alpha is a measure of consistency that is considered satisfactory if it is 0.7 or above (Hair et al. 2021). All the constructs meet this criterion, indicating reliability. For example, green economic finance has a Cronbach’s alpha of 0.837, which surpasses the threshold, demonstrating that the items within this construct consistently measure the concept. The composite reliability evaluates the consistency of a set of indicators to Cronbach’s alpha. A value of 0.7 or higher is generally deemed satisfactory. This indicates reliability (Ringle et al. 2020). All the constructs exceed this threshold, with values ranging from 0.846 (green social finance) to 0.916 (Fintech adoption), further reinforcing their reliability.



When it comes to factor loadings, which show how items are correlated with their constructs, we generally consider values above 0.7 as acceptable. This suggests that the item makes a contribution to the construct. Most of the items in our analysis have loadings above this threshold. The examination of the constructs indicates a measurement model with reliability and validity. The constructs demonstrate consistency as indicated by their Cronbach’s alpha and composite reliability values and they show adequate convergent validity based on their AVEs.




4.3. Heterotrait–Monotrait Ratio (HTMT)


The heterotrait–monotrait (HTMT) ratio analysis is a technique used in structural equation modeling (SEM) to evaluate validity. Discriminant validity refers to how much a construct differs from constructs within a model measuring different concepts or phenomena. In an HTMT analysis, values below 0.90 typically indicate validity (Roemer et al. 2021). This threshold suggests that the constructs are distinct enough from each other, ensuring that they are not measuring the thing. In this study, all the HTMT values are below the 0.90 threshold, indicating validity among the constructs. For example, the HTMT ratio between digital awareness and digital transformation is 0.708, which is below 0.90 and shows that these two constructs are separate from each other. Likewise, the relationship between Fintech adoption and green economic finance has an HTMT value of 0.619, further confirming the validity.



Furthermore, the observed HTMT value in this study is 0.890 (between green finance and green economic finance), which is slightly below the threshold. This suggests that while these constructs are closely related, they still maintain a distinction in order to be considered separate loadings (Table 3). It is important because it ensures that each loading brings something to the model and is not a duplicate of another element. The HTMT ratios indicate that the elements in the model have validity (Rasoolimanesh 2022). This discovery is crucial for maintaining the integrity of the equation model as it confirms that each element measures an aspect of the phenomenon being studied. These results validate the use of HTMT as a criterion for assessing validity, reaffirming that the elements in this model are separate and well defined.




4.4. Model Fitness


When evaluating the effectiveness of structural equation modeling (SEM), researchers often use R square (R2) and adjusted R2 values. R2 indicates the portion of variation in the variable that was explained by the variables included in the model. It helps measure how well the model accounts for these variables. An adjusted R2 is particularly valuable as it takes into account the number of predictors in the model, providing an assessment of the model fit, especially for models with multiple predictors. Table 4 observes the levels of the R2 and adjusted R2 across the constructs, like banking sustainability, digital awareness, digital transformation, Fintech adoption, and green finance. For banking sustainability, this study measures an R2 of 0.348 and an adjusted R2 value of 0.346. This suggests that 34.8% of the variations in banking sustainability are accounted for in the model. The slight decrease in the adjusted R2 reflects an impact to the number of predictors involved. On the other hand, digital awareness demonstrates values with an R2 value of 0.452 and the model explains there is an adjusted R2 value of 0.450, indicating a reasonably good fit at nearly 45.2% of its variance.



Digital banking and sustainability share similarities in terms of their analysis. The R-square value for transformation is 0.333, indicating that the model accounts for 33.3% of its variance. Similarly, the R2 value for Fintech adoption is 0.440, suggesting that the model explains around 44% of its variance; that is quite significant. However, it is worth noting that green finance shows a fit with an R2 adjusted value of 1.000, which is highly acceptable. This indicates an issue with overfitting or potential errors in the model or data itself.



The varying levels of model fitness indicated by the R2 values highlight how well these constructs explain different phenomena, with most displaying a moderate to good level of explanatory power. However, the perfect scores for finance raise questions that require further investigation and validation. These findings align with the principles of structural equation modeling (SEM) (Roemer et al. 2021) and support our understanding of interpreting R-adjusted R square values (Kamis et al. 2020).




4.5. Assessment of Path Model


In the field of structural equation modeling (SEM), variables in a model are categorized as either exogenous or endogenous. Exogenous variables act independently. They are not influenced by variables within the model (Hair et al. 2021). They serve as predictors or causes for the relationships being studied. On the other hand, endogenous variables depend on variables within the model and are influenced by them. They represent the outcomes or effects of the examined relationships. This differentiation is crucial as it determines both the causality direction and how we interpret relationships within the model.



This study investigated eight hypotheses, examining mediating relationships among these endogenous variables (Table 5). The findings derived from analyzing the SmartPLS model indicate that there is an impact of green finance (GF) on Fintech adoption, which is an endogenous variable; GF > FA (β = 0.339, t-value = 4.653, and p < 0.000 ***). Therefore, hypothesis H1 was accepted. Moreover, a positive and significant relationship was found between green finance and digital awareness, GF > DA (β = 0.672, t-value = 18.707, and p < 0.000 ***), leading to acceptance of hypothesis H2. The impact of digital awareness on Fintech adoption (FA) was found to be significant in supporting hypothesis H3. Similarly, green finance had an influence on digital transformation, thus confirming hypothesis H4. However, the direct effect of digital transformation on Fintech adoption was not statistically significant, resulting in the rejection of hypothesis H5. On the other hand, a significant relationship was observed between Fintech adoption and banking sustainability, supporting hypothesis H8. These findings provide an understanding of the connections between the factors in the model and emphasize the significant impact that certain external factors have on specific outcomes.




4.6. Assessing Mediating Effects


The concept of mediation plays a role in equation modeling as it explores the reasons behind and the mechanisms through which certain effects occur between an independent variable and a dependent one. Mediation focuses on understanding whether the relationship between finance and Fintech adoption is influenced by factors such as transformation and digital awareness. To determine the significance of mediation effects, statistical tests are conducted to assess whether there is a zero indirect effect of the independent variable on the dependent variable through the mediator.



In this study, we found that digital awareness significantly mediates the relationship between green finance and Fintech adoption; GF > DA > FA (β = 0.234, t-value = 4.520, and p < 0.000 ***). This supports hypothesis H6, suggesting that when users are digitally aware and influenced by finance initiatives, they are more likely to adopt Fintech services. On the other hand, this study did not find mediation by digital transformation in the relationship between green finance and Fintech adoption; GF > DT > FA (β = 0.030, t-value = 0.880, and p = 0.379). Therefore, hypothesis H7 was rejected. These findings indicate that while digital awareness plays a role in facilitating the impact of finance on Fintech adoption, digital transformation does not have a significant mediating effect in this context.



This result shows that digital transformation is a factor in the modernization of services. However, it does not change the impact of finance on the adoption of Fintech in Croatia. As well, Ozili (2024) warns against digital-only financial inclusion (DOFI) due to digital device access disparity, high internet costs, and a focus on digital access over user protection and financial health. Digital IDs increase government surveillance, digital fraud is easy, and power is prioritized over inclusive and secure financial services. There are two implications from these results. First, it emphasizes the need to increase awareness about technologies to promote the use of Fintech services driven by finance. Secondly, while digital transformation is a trend, its role as a mediator between finance and Fintech use is not as significant when it comes to influencing the use of sustainable financial technologies among online users in Croatia (Figure 2).





5. Discussion


This research was conducted within the Croatian banking industry, focusing on customers and customer care officers. The findings of this study align with research on the adoption of Fintech, green finance, and digital transformation in the banking industry. For instance, Rehman et al. (2023) and Abuatwan (2023) have examined aspects in relation to SMEs and the banking sector, highlighting the role of Fintech in improving banking operations and sustainability. This study also supports the impact of finance on Fintech adoption, which is consistent with Hanafizadeh and Khedmatgozar’s (2012) and Namahoot and Laohavichien’s (2018) findings that emphasize customer awareness in adopting new banking technologies. Furthermore, Yan et al. (2022), Rodríguez-Espíndola et al. (2022), and Lapinskienė and Danilevičienė (2023) underscore the uptake of emerging technologies and their pivotal role in shaping the development of the banking industry, aligning with the research that establishes links between Fintech adoption, digital awareness, and green finance.



The studies conducted by Muganyi et al. (2021) and Guang-Wen and Siddik (2023) support the growing trend of combining Fintech solutions with finance initiatives. This aligns with this study’s findings that highlight the impact of finance on the adoption of Fintech and digital transformation. Additionally, the perspectives shared by Udeagha and Muchapondwa (2023) and Liu et al. (2022) regarding the effects of Fintech and green financing on sustainability are in line with this study’s findings on how the factors of green finance contribute to promoting banking practices. The research conducted by Udeagha and Ngepah (2023) and Mirza et al. (2023) further supports the findings demonstrating that the adoption of Fintech significantly influences the sustainability performance of banking firms. Finally, Nassiry (2018) and Bayram et al. (2022) offer insights into how Fintech advances finance, reinforcing the findings that digital transformation and awareness play crucial roles in moderating the relationship between Fintech adoption and green finance. The agreement between these results and the existing literature underscores the timeliness and relevance of our study in understanding sustainability dynamics, green finance, and Fintech within the banking industry.



5.1. Managerial and Practical Implications


One crucial lesson for the banking sector in Croatia is the importance of prioritizing awareness initiatives. It is essential for banks to invest in campaigns and user-friendly platforms to enhance their customers’ understanding and comfort with banking tools. This emphasis on awareness has an impact on the adoption of Fintech services. By implementing this strategy, banks cannot increase the rate at which Fintech services are adopted and also ensure that their customers are well prepared to utilize these services. This approach will facilitate a transition to banking for clients resulting in improved client retention and satisfaction.



The findings highlight the significance of integrating finance concepts into banking products and services. Croatian banks should consider developing and promoting products that support friendly initiatives, such as green loans and investments in sustainable projects. By catering to a segment of conscious customers, banks can enhance their market competitiveness while contributing toward broader sustainability goals. Aligning product offerings with the increasing consumer trend toward consciousness will be key.



Furthermore, recognizing the impact of Fintech adoption on banking sustainability emphasizes the need for banks to leverage Fintech to enhance customer experiences. This may involve implementing cutting edge mobile banking apps with functionality, sophisticated online payment systems, as well as utilizing AI and machine learning technologies, for personalized banking services.



By incorporating these technologies, banks can offer personalized services resulting in increased customer satisfaction and loyalty. This research emphasizes the importance of transformation in the banking industry even though it does not show an impact on the relationship between green finance and Fintech adoption. To stay competitive in the evolving market, banks should continue investing in innovation and digital infrastructure. This includes advancements and a shift in culture toward a digital-first approach.



To foster the growth of banking and green finance, collaboration among banks, Fintech companies, and regulatory agencies is crucial. Regulatory support is necessary to establish laws that encourage innovation while safeguarding user security and trust in platforms. Partnerships between Fintech firms and traditional banks can also lead to solutions that cater to evolving customer needs and sustainability goals. To summarize, the Croatian banking sector is in a phase where the implementation of these suggestions can have a major impact on customer satisfaction, growth trajectory, and sustainable financing.




5.2. Limitations and Future Directions


This study has limitations in terms of the sample size and demographic representation. While it provides insights based on the 304 respondents, it might not capture the entire customer base of the Croatian banking sector. The presence of a certain percentage of participants or a certain age range could potentially influence the results and make them less applicable to all demographic groups. Furthermore, because this study primarily focused on banking customers, it may have overlooked the perceptions and behaviors of customers who rely more on traditional banking due to limited digital access.



Another limitation is the sectional design used in this study. With this approach, the data are collected at a specific point in time. It might not reflect how customers’ attitudes and behaviors evolve over time. Considering that the banking sector is constantly evolving with advancements such as Fintech and digital transformation, it would be beneficial to conduct studies that capture trends and long-term effects. Furthermore, while this study has focused on the factors of finance, digital awareness, and digital transformation, it has not considered all aspects related to Fintech adoption and banking sustainability. Factors such as customer trust, security concerns, technological infrastructure, and economic influences also play a role in shaping customer behavior toward Fintech solutions and digital banking.



To improve the generalizability, future research should focus on including a range with a larger sample size. This would involve incorporating participants from regions, income levels, and educational backgrounds into the study. By doing so, the study can gain a comprehensive understanding of the holistic factors that affect Fintech adoption and contribute to sustainable banking practices in Croatia.



In order to truly understand the evolution of Fintech and banking, it would be beneficial to conduct long-term research that captures their changing nature. By tracking these changes over time, we can gain insights into how customer attitudes toward banking and green finance shift and ultimately impact the banking industry. It is important for future studies to consider factors such as customer trust, perceived security risks, economic conditions, and technological infrastructure. Additionally, exploring the influence of changes and government policies on Fintech can provide us with knowledge.
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Figure 1. Theoretical framework. 
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Figure 2. Structural equation modeling (SEM). 
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Table 1. Demographics.
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	Demographics
	Details
	Categories
	Frequency
	Total Frequency
	Percent





	Fintech Apps
	
	
	
	
	



	
	Online mobile applications
	Employees
	123
	164
	53.9%



	
	Apple pay/Google Pay/Revolut/PayPal, Aircash/Western Union/MoneyGram
	Customers
	181
	140
	46.1%



	Purpose of Use
	
	
	
	
	



	
	Sending Funds
	
	
	76
	25.0%



	
	Shopping
	
	
	201
	66.1%



	
	Educational Purpose
	
	
	27
	8.9%



	Gender
	
	
	
	
	



	
	Male
	
	
	267
	87.8%



	
	Female
	
	
	37
	12.2%



	Online Banking Experience
	
	
	
	
	



	
	Less than 1 Year
	
	
	24
	7.9%



	
	1–3 Years
	
	
	111
	36.5%



	
	4–6 Years
	
	
	98
	32.2%



	
	More than 6 Years
	
	
	71
	23.4%



	Education
	
	
	
	
	



	
	High School
	
	
	4
	1.3%



	
	Bachelor’s Equivalent Degree
	
	
	55
	18.1%



	
	Master Equivalent Degree
	
	
	209
	68.8%



	
	Postgraduate or PhD Degree
	
	
	36
	11.8%



	Total
	
	
	
	304
	100.0%










 





Table 2. Measurement model.
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	Variables
	Items
	Loadings
	AVE
	Cronbach’s Alpha
	Composite Reliability





	Green Economic Finance
	GEF1
	0.730
	0.674
	0.837
	0.892



	
	GEF2
	0.855
	
	
	



	
	GEF3
	0.849
	
	
	



	
	GEF4
	0.844
	
	
	



	Green Social Finance
	GSF1
	0.750
	0.580
	0.758
	0.846



	
	GSF2
	0.780
	
	
	



	
	GSF3
	0.798
	
	
	



	
	GSF4
	0.715
	
	
	



	Digital Transformation
	DT1
	0.842
	0.703
	0.790
	0.876



	
	DT2
	0.814
	
	
	



	
	DT3
	0.858
	
	
	



	Digital Awareness
	DA1
	0.785
	0.679
	0.842
	0.894



	
	DA2
	0.872
	
	
	



	
	DA3
	0.809
	
	
	



	
	DA4
	0.827
	
	
	



	Fintech Adoption
	FA1
	0.776
	0.733
	0.877
	0.916



	
	FA2
	0.897
	
	
	



	
	FA3
	0.871
	
	
	



	
	FA4
	0.876
	
	
	



	Banking Sustainability
	BS1
	0.853
	0.668
	0.834
	0.890



	
	BS2
	0.809
	
	
	



	
	BS3
	0.822
	
	
	



	
	BS4
	0.784
	
	
	










 





Table 3. Heterotrait–monotrait.
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	Variables
	1
	2
	3
	4
	5
	6





	Digital awareness
	0.811
	
	
	
	
	



	Digital transformation
	0.708
	0.701
	
	
	
	



	Fintech adoption
	0.687
	0.705
	0.531
	
	
	



	Green economic finance
	0.682
	0.713
	0.619
	0.636
	
	



	Green finance
	0.766
	0.792
	0.693
	0.696
	0.890
	



	Green social finance
	0.715
	0.729
	0.644
	0.631
	0.700
	0.880










 





Table 4. Model fitness.
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	Variables
	R-Square
	R-Square Adjusted





	Banking sustainability
	0.348
	0.346



	Digital awareness
	0.452
	0.450



	Digital transformation
	0.333
	0.331



	Fintech adoption
	0.440
	0.434



	Green finance
	1.000
	1.000










 





Table 5. Hypotheses testing.
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	Relationships
	Direct Beta
	Mediating Beta
	t-Value
	p-Value
	Decision





	H1
	GF -> FA
	0.339
	
	4.653
	0.000
	Accepted



	H2
	GF -> DA
	0.672
	
	18.707
	0.000
	Accepted



	H3
	DA -> FA
	0.349
	
	4.737
	0.000
	Accepted



	H4
	GF -> DT
	0.577
	
	11.029
	0.000
	Accepted



	H5
	DT -> FA
	0.052
	
	0.892
	0.373
	Rejected



	H8
	FA -> BS
	0.590
	
	13.457
	0.000
	Accepted



	H6
	GF -> DA -> FA
	
	0.234
	4.520
	0.000
	Accepted



	H7
	GF -> DT -> FA
	
	0.030
	0.880
	0.379
	Rejected







Note: Green finance = GF, Fintech adoption = FA, digital awareness = DA, digital transformat