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Abstract 

Blockchain technology has emerged as a revolutionary ICT innovation that offers to usher in enhanced transparency, 

security, efficiency, and trust for the Indian banking industry. The adoption rate for blockchain technology in Indian 

banks continues to be stunted by its technological, regulatory, and organizational hindrances. The objective of the 

study is to explore the opportunities and challenges in the adoption of blockchain in India and their implications on 

the digital transformation of the Indian banking industry. A quantitative research approach was conducted utilizing a 

sample of 500 banking professionals from public sector banks, private sector banks, and cooperative banks throughout 

India. Principal Component Analysis with Varimax Rotation (EFA) was performed, and two significant factors were 

identified, namely, Opportunities and Challenges, accounting for 86.403% of total variance. Measurement instruments 

had sufficient reliability, reflected by Cronbach’s Alpha (α = 0.783). The study revealed a significant strong positive 

relationship between opportunities and digital transformation (r=0.671, p<0.01) and a significant negative relationship 

between challenges and digital transformation (r=-0.559, p<0.01) by Pearson correlation analysis. Furthermore, 

multiple linear regression results confirmed that both factors have a significant impact on digital transformation, 

explaining the R² value of 0.769 (F=825.918, p<0.001). Opportunities had a positive effect on digital transformation 

(β=0.675, p<0.001), whereas the impact of challenges on digital transformation was significantly negative (β=-0.565, 

p<0.001). It is concluded that blockchain can have significant positive impacts in increasing the transparency, 

efficiency, security, and financial inclusion for digital transformation of the Indian banking sector, but concerns related 

to the regulatory framework, upfront implementation cost, integration complexity, and lack of skills are substantial 

constraints. The study adds to the body of knowledge of ICT and information systems and provides key strategic 

inputs to bankers, policymakers, and regulators. 
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Introduction 

Digital transformation of the Indian banking industry. The impact of technology, regulatory changes, and the growing 

need for efficiency, reliability, and inclusivity in financial services (FS) drives the Indian banking sector to embrace 

digital technologies to enhance operational capabilities and meet evolving customer expectations. Blockchain is one 

disruptive technology that offers significant potential to reshape the fundamental operations of traditional banking. It 

enhances speed, reduces costs, improves security, and builds trust among all stakeholders of the bank due to its 

decentralized and transparent, tamper-proof record-keeping capabilities (Schuetz & Venkatesh, 2020; Patki & Sople, 

2020).  

Blockchain technology is being hailed as the next ICT that promotes secured, transparent, and decentralized 

information sharing over organizational networks (Saheb et al., 2025). Within IS research, the technology acts as a 

distributed ledger technology for data integrity, interoperability, digital trust, and automated processes (Mishra et al., 

2025). Blockchain adoption in banking, therefore, goes beyond a mere financial innovation to represent an  

ICT-powered digital transformation that impacts how store data, transfer information, and make organizational 

decisions (Mishra et al., 2025). 

In the banking sector, blockchain technology includes trade finance, cross-border payment, Know Your Customer 

(KYC), smart contracts, and fraud detection (Mishra et al., 2025). In the context of India, pilot applications are 

introduced by some of India's largest financial banks, namely, ICICI Bank, HDFC, Axis Bank, and Kotak Mahindra 

(Garg et al., 2025; Khanna & Haldar, 2023; Jain, 2025). The Indian Banks' blockchain infrastructure company 

(IBBIC), the India-based collaborative effort, also indicates a more institutional focus; thus, it makes blockchain one 

of the most prominent enablers for achieving financial inclusion and increased operational and regulatory efficiency 

for the quickest developing economy in the world (Dwivedi & Vig, 2024).  

Blockchain provides great chances but also challenges towards its adoption in India’s banking industry. These chances, 

such as increased transparency, elimination of intermediaries, increased settlements, and improved rural inclusion 

(Schuetz & Venkatesh, 2020), are undermined by a set of issues, including regulatory ambiguity, issues with the 

scalability of technology, high costs, data security concerns, and skill deficits, which inhibit widespread adoption 

(Patki & Sople, 2020; Srinivasu & Siddiqui, 2023). 

The three-way contribution of this study to the field of ICT and information systems is as follows: (i) This research 

identifies and empirically validates the underlying dimensions of blockchain-related opportunities and challenges in 

the Indian banking sector using exploratory factor analysis. (ii) Building upon existing research on technology 

adoption, the study explores the relationship between the validated factors and the achievement of successful digital 

transformation outcomes, rather than intention or behavioral adoption. (iii) The study offers practical insights to 

banking managers, technology professionals, and policymakers regarding the strategic implementation of blockchain 

technologies in this dynamic environment. By connecting the factors of blockchain adoption to the outcomes of 

organizational transformation, this study provides more of an information systems perspective.  

Although numerous research has analyzed blockchain adoption from the perspectives of established technology 

adoption models such as TAM, UTAUT, and the TOE framework, the majority of the research efforts in blockchain 

adoption have addressed intention, user acceptance, and conceptual implementation barriers of the technology. 

However, the present study identifies and empirically validates two major higher-order dimensions of opportunities 

and challenges through the exploratory factor analysis using the collected data from banking professionals all over 

India, different from previous research who focused on individual factors while identifying a set of benefits and 

barriers related to blockchain technology. The current study empirically validates the blockchain adoption factors with 

the outcome measures of digital transformation, thereby extending prior technology adoption studies beyond intention 

to behavior to the organizational level. 

Research Objectives 

• To identify and confirm the main dimensions of opportunities and challenges of blockchain in Indian banks 

using factor analysis.  

• To examine how these factors relate to the effective Indian banking industry digital transformation. 

The remainder of the paper is arranged as follows. Section 2 examines the literature in blockchain adoption, 

opportunities, challenges, and digital transformation in the banking industry. Section 3 provides the methodology for 

conducting the study, including data gathering procedure, sampling design, instruments, and method of statistical 

analysis. Section 4 presents the results of the empirical analysis and discusses the implications of the findings. Finally, 
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Section 5 concludes the paper, summarizing main findings, highlighting practical implications, identifying research 

limitations, and providing suggestions for future research. 

Review of Literature 

The blockchain technology has attracted widespread interest due to its disruption potential, promising an alternative 

approach to the prevailing banking systems, being decentralized, more transparent, more secure, immutable, and 

requiring fewer intermediaries. At first, it was viewed as a promising approach for increased transaction speed, 

efficiency, and security and for promoting financial inclusion, especially in developing economies such as India 

(Weerawarna et al., 2023). Blockchain, technology adoption, and financial inclusion might interconnect in India, 

supporting the concept of its potential ability to address important barriers in accessing and using financial services 

such as distance-based access, high transaction costs, inappropriate products, and financial illiteracy, thus supporting 

easy and doorstep access at low cost (Schuetz & Venkatesh, 2020). In their studies on the potential business benefits 

of introducing and utilizing blockchain technology in banking, have ranked ‘lowering costs’ as an extremely important 

business benefit of introducing blockchain and ranked ‘anti-fraud’ and ‘transparency’ as very important and found that 

Indian banks were suffering from operational cost increases and fraud and thus believed that blockchain technology 

was capable of mitigating the increasing operational cost and fraud issues (Garg et al., 2025). 

Adoption of blockchain has an information systems (IS) point of view of the adoption process, where blockchain as 

an organizational technology is to go through system integration, information quality, data governance, users' 

acceptance, and digital innovation. Prior ICT research has indicated that successful blockchain implementations are 

highly dependent on technology readiness, system compatibility, security measures, and organizational resources to 

drive digital transformation and innovation. 

It had detailed the applications of blockchain technology: its application to trade finance, cross-border payment, KYC, 

and syndicate loans (Patki & Sople, 2020). Benefits such as increased speed of settlements, reduced number of 

intermediaries, and efficiency of process; the piloting of applications by the largest banks like ICICI, HDFC, Axis, 

and Kotak Mahindra; and consortium formation, such as in IBBIC (Jain, 2025; Sheikh et al., 2025). The use of 

blockchain technology for tracking consortia loan accounts and supply chain financing in the Indian banking sector 

has been mentioned and demonstrated a reduction in the value of non-performing assets (NPAs) and duplicate KYC 

processes (Gupta & Gupta, 2018). A recent systematic review confirms that India is a leader of the blockchain-based 

banking literature research output and pays a lot of attention to traceability and transparency along with efficiency 

gains; however, there is still a significant lack of real-world application, and it is still at a very nascent stage  

(Al-Dmour et al., 2024; Ogunrinde et al., 2025). 

Though a great many opportunities exist, as is often hinted in literature, major challenges hinder widespread adoption. 

Thematic analysis indicated this and introduced the framework of five broad challenges in the Indian context 

(technological, organisational, operational, regulatory and environmental) with specific reference to scalability, costs, 

uncertainty about regulations, skill shortages, etc. (Khanna & Haldar, 2023; Vadivelu et al., 2026). These same factors 

are noted in other systematic works, although emphasis is placed on validation of dimensions via empirical validation 

(Khatri & Kaushik, 2021). Applied research utilising adoption models (e.g., UTAUT) within Indian banking indicated 

significant impact of contextual factors and highlighted potential and benefits from blockchain and its relation to the 

bank's performance and competitive advantage (Kumari et al., 2023; Jena, 2022). However, in its entirety, conceptual 

research and qualitative research predominate over quantitative studies examining and extracting the multidimensional 

structure of opportunity and challenge, empirically verifying and assessing the impact of it on successful 

transformation. 

Prior research on blockchain adoption has mainly focused on behavioral intentions, technological readiness, trust, 

usefulness, and organizational determinants. The focus of UTAUT- and TAM-based research is on acceptance behavior 

at the individual level, while research that builds on TOE focuses on environmental and organizational readiness 

determinants. The current research builds upon such research in proposing an integrated empirical framework that 

groups the advantages related to the blockchain into an "Opportunities" factor and its disadvantages that prevent 

implementation into a "Challenges" factor.  

The underlying structure of these factors accounts for 86.403% of total variance. This study continues the research 

tradition of assessing the impact on successful digital transformation, rather than merely adoption-focused assessment 

in the Indian banking sector, and this study proposes an empirical framework to evaluate how together predict 

successful digital transformation. As previous research has already researched blockchain adoption from financial and 
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operational perspectives, less research has examined the ICT-based information system like the blockchain that can 

drive the digital transformation within an organization like the Indian banking sector. 

The current table 1 shows that the existing literature mostly includes qualitative research methods, technology 

adoption models, systematic reviews, or conceptual analysis. Existing adoption literature can offer us a great deal of 

information on technology adoption, although it may discuss each adoption determinant in isolation (e.g., the 

determinants for security, for the willingness of use of organizational members, or for performance expectancy). 

Besides, due to inconsistencies in findings in relating different determinants for adoption and various adoption levels 

discussed in prior literature, future research is desperately needed in using sophisticated statistical tools to investigate 

the research problem. Thus, research investigates the issue by exploring and validating higher-level constructs for 

opportunity and challenge factors by using exploratory factor analysis and then tests their effects on digital 

transformation with the use of multiple regression analysis. 

Table 1: Comparative Analysis of Prior Studies 

Study Context Methodology Key Findings Limitation 

Gupta & Gupta, 

(2018) 

Indian 

Banking 

Conceptual 

Analysis 

Blockchain improves 

KYC and trade finance 

No empirical validation 

Schuetz & 

Venkatesh, 

(2020) 

India Conceptual 

Framework 

Supports financial 

inclusion 

Limited quantitative 

evidence 

Patki & Sople, 

(2020) 

Indian 

Banking 

Review Study Faster settlements and 

fraud reduction 

Lack of statistical 

testing 

Khatri & 

Kaushik, (2021) 

Banking 

Sector 

Systematic 

Review 

Identified opportunities 

and challenges 

No predictive analysis 

Jena, (2022) Banking UTAUT Model Performance expectancy 

affects adoption 

Focused on adoption 

intention 

Khanna & 

Haldar, (2023) 

Indian 

Banking 

Qualitative 

Analysis 

Regulatory and 

organizational barriers 

No factor validation 

Al-Dmour et al., 

(2024) 

Commercial 

Banks 

SEM Blockchain improves AIS 

quality 

Limited banking 

contexts 

Garg et al., 

(2025) 

Indian 

Banking 

Empirical 

Analysis 

Positive impact on 

organizational 

performance 

Did not examine digital 

transformation 

Wider et al., 

(2025) 

Banking Extended TAM Trust and security drive 

adoption 

Adoption-focused 

analysis 

Ogunrinde et al., 

(2025) 

Banking Dynamic 

Capability Model 

Performance 

improvements through 

blockchain 

Limited focus on 

challenges 

Research Methodology 

The design of research work adopted in this study was quantitative, descriptive, and exploratory in order to empirically 

explore the opportunities, challenges, and transformational implications of blockchain technology in the Indian 

banking industry. The research conceptualized blockchain as an information system innovation based on ICT and 

evaluated stakeholders' perceptions of technological opportunities, implementation challenges, and digital 

transformation. The primary data was collected from banking professionals (top management, chief technology 

officers, fintech specialists, and blockchain implementation officers) in public sector, private sector, and cooperative 

banking institutions in India (not spanning across industry due to logistical constraints), covering 500 (that far exceeds 

the sample size recommended in Exploratory Factor Analysis (EFA) that usually has sufficient statistical strength to 

generate factors and have enough statistical significance to validate them, including measuring the relationships 

between them). A stratified purposive sampling method in researching primary data, where the sample was chosen 

from different strata according to types of banks, that is, public sector, private sector, and cooperative banking 

industries. This method was suitable because the participants from institutions of different kinds differed with respect 

to legislation governing their operations, technological infrastructure, and resource accessibility. Purposive sampling 

within each stratum helped to unearth only informed and experienced professionals, which contributed significantly 

to the quality of research data. 
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The data collection instrument was a self-administered structured questionnaire compiled based upon established 

scales derived from previous literature on technology adoption and blockchain usage. The questionnaire comprises 

four sections: (i) demographic profile of respondents, (ii) opportunities-related items to capture blockchain 

opportunities, (iii) opportunity-based items, and (iv) digital transformation benefit items (efficiency gains, security 

improvements, financial inclusion, and cost savings). Based on a five-point Likert scale (1= Strongly Disagree to  

5= Strongly Agree), each construct was measured. A pilot test was performed with 50 respondents to test the instrument 

for accuracy, clarity, relevance, and reliability (Cronbach's alpha > 0.70 on all scales). Data collection was carried out 

by disseminating the questionnaires on Google Forms' web-enabled service and emailing professional networks 

(LinkedIn, bank associations' mailing lists, and personal communication with bank officials) from October 2025 to 

February 2026, with an estimated response rate of 68% by follow-up. 

The proposed data preparation was used to organize data for statistical analysis. It comprises checking for missing 

data (substitutes a mean if less than 5 %), outlier detection and correction with Mahalanobis distance by normality, 

and eliminating univariated and multivariated outliers; establishing the reliability and validity of the scale through 

Cronbach's alpha and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity. 

All statistical analysis was performed using IBM SPSS Statistics Version 29. Further, the Exploratory Factor Analysis 

(EFA) was done by using Principal Component Analysis and the Varimax rotation method to find out and confine the 

latent dimensions of opportunities and challenges. The independent variables for multiple linear regression analysis 

are the factor scores obtained from EFA analysis to record their relationship with the dependent variable (successful 

digital transformation). Such a table-chart indicated the parity of data, precision of analysis, and adherence to empirical 

goals of the study. 

 

Fig. 1: Research Framework for Evaluating Blockchain Adoption and Digital Transformation in Indian 

Banking 

Blockchain Technology in Indian 

Banking Sector 

ICT-based Information System Innovation 

Data Collection (Survey Questionnaire) 

500 Banking Professionals (Public, 
Private & Cooperative Banks in India) 

Constructs Measured 

Opportunities Factors, Challenges Factors, 

Digital Transformation Outcomes 

Data Preparation & Validation 

Missing Data Treatment, Outlier 
Detection (Mahalanobis), Normality, 

Linearity & Multicollinearity Check 
Reliability & KMO Test 

Exploratory Factor Analysis (EFA) 

Principal Component Analysis with 
Varimax Rotation (Extract Opportunities 

and Challenges Factors) 

Multiple Regression Analysis 

Factor Scores (Opportunities & 

Challenges) as Independent Variables 

Digital Transformation Outcomes 

Efficiency Gains, Security Enhancement, 

Financial Inclusion, Cost Reduction 
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The proposed framework adopted in this study is shown in fig. 1. The Indian banking sector is analysed in terms of 

two main dimensions, which are the "opportunities" and "challenges" of the adoption of blockchain technology. 

Exploratory factor analysis (principal component analysis with varimax rotation) was performed on 500 bank 

professionals. Extract factor scores were included as independent variables in the multiple regression analysis. Digital 

transformation success was measured as the dependent variable, and the explanatory variables were the factors. The 

research framework presented in the figure gives an organised way to study the role of positive and negative aspects 

related to blockchain technology in changing organisations in the Indian banking industry. 

Statistical Models 

The Pearson correlation was applied to explore the relationships among blockchain opportunities, blockchain 

challenges, and digital transformation. Equation (1) was used to generate the Pearson correlation. 

r =
∑(Xi − X̄)(Yi − Ȳ)

√∑(Xi − X̄)2∑(Yi − Ȳ)2
                                                                                                    (1) 

Where r denotes the correlation coefficient, Xi and Yi represent observed values of the variables, and X̄ and Ȳ represent 

their respective means. The relationship is assessed by means of where equation (1) represents the Pearson product 

moment correlation coefficient that is used to quantify the strength and the direction of the relationship between 

variables. 

To evaluate the predictive influence of blockchain opportunities and challenges on digital transformation, a multiple 

linear regression model was employed as shown in equation (2). 

DT = β0 + β1(OPP) + β2(CHAL) + ε                                                                                     (2) 

Where DT represents Digital Transformation, OPP denotes the Opportunities factor score, CHAL denotes the 

Challenges factor score, β0 is the intercept, β1 and β2 are regression coefficients, and ε represents the error term. 

Equation (2) represents the proposed regression model used in this study. 

The explanatory power of the regression model was assessed using the coefficient of determination shown in  

equation (3). 

R2 =
SSR

SST
                                                                                                                                         (3) 

Where SSR denotes the Regression Sum of Squares and SST denotes the Total Sum of Squares. Equation (3) measures 

the proportion of variance in digital transformation explained by the independent variables included in the regression 

model. 

Results and Discussion 

Demographic Profile of Respondents Information about the respondents in this study helps in understanding the 

respondents better. A sample of five hundred banking professionals belonging to public sector banks (PSBs), private 

sector banks (PSBs) and cooperative banks across various locations in India was chosen for this research. This sample 

was also balanced in terms of organisation type, job role, work experience and region and provided ample 

representation of diverse banking bodies. The people in the sample had fairly good exposure to projects involving the 

blockchain or fintech so as to provide a reasonably informed opinion regarding their feasibility and opportunities for 

the banks in the Indian ecosystem. Demographic details of the people who were interviewed for the study are presented 

in table 2. 

Cronbach's alpha measures the internal consistency of the instrument used to gather data. The overall scale with 25 

items has a Cronbach's alpha score of 0.783. This is above the generally recommended threshold value of 0.70, typical 

in the social science studies, indicating the reliability of the questionnaire is good. This indicates that the scales are 

reliable for estimating opportunities, challenges, and digital transformation of blockchain implementation for further 

statistical testing. 
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Table 2: Demographic Profile of Respondents 

Variable Category Frequency Percent 

Organisation Type 

Public Sector Bank 148 29.6 

Private Sector Bank 127 25.4 

Cooperative Bank 105 21.0 

Others 120 24.0 

Designation 

Senior Management 101 20.2 

Middle Management 103 20.6 

IT/Tech Head or Specialist 106 21.2 

Operations/Compliance 100 20.0 

Other 90 18.0 

Experience 

Less than 5 years 120 24.0 

5–10 years 123 24.6 

11–15 years 137 27.4 

More than 15 years 120 24.0 

Blockchain Exposure 

Yes 177 35.4 

No 161 32.2 

Not Sure 162 32.4 

Region 

North India 88 17.6 

South India 105 21.0 

East India 101 20.2 

West India 108 21.6 

Pan India 98 19.6 

Table 3: Reliability Statistics 

Scale Number of Items Cronbach’s Alpha 

Overall Scale 25 0.783 

In this table 3 describes the descriptive statistic describing the opinion of respondents on blockchain technology in the 

Indian banking sector. The descriptive stats showed the items on opportunity (mean) have a range of 2.978 to 3.184, 

which means a positive perception towards its advantages. The items on challenge have a range of means (2.786 to 

3.074). The items on digital transformation have a range of means (2.642 to 3.008), which means a sound and safe 

perception towards it. Also, the standard deviations are small (0.614-0.773), which implies that there exists a 

reasonably convincing agreement among the 500 respondents. 

In this table 4 contains the means and standard deviations of all 25 variables introduced in the questionnaire. Six 

questions, designed to assess the perceived benefits of blockchain technology (B1 to B6), received a mean of the 

2.978-3.184 range, showing a moderately positive outlook among respondents concerning benefits that can arise from 

the use of blockchain in the Indian banking industry, with the higher mean scores obtained by questions related to 

immutability and data security (B6) and smart contracts (B5). On the contrary, the seven items within the ‘challenges’ 

factor (C1 to C7) attained scores between 2.786 and 3.074, which confirms their interpretation by respondents as 

moderate obstacles to blockchain implementation. Among these were specifically regulatory uncertainty, skills 

shortage, and challenges with integration. In the domain of successfully implementing digital transformation with 

blockchain technology (D1 to D6), respondents gave scores ranging from 2.642 to 3.008. This result may be 

interpreted as cautiously optimistic. The most successful aspect in this category was operational efficiency (D1). The 

standard deviations of all measured items (0.614–0.773) are rather low, suggesting high agreement across the 500 

banking professionals included in this study. Before proceeding to apply the exploratory factor analysis, it was 

necessary to ensure that the data obtained was adequate for factor analysis.  
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Table 4: Mean and Standard Deviation of Scale Items 

Item Mean Std. Deviation 

Organisation Type 2.394 1.146 

Designation 2.950 1.391 

Experience 2.514 1.101 

Blockchain Exposure 1.970 0.824 

Region 3.046 1.384 

Cost Reduction (B1) 3.006 0.731 

Fast Payments (B2) 2.978 0.695 

Transparency (B3) 3.096 0.743 

Financial Inclusion (B4) 3.136 0.689 

Smart Contracts (B5) 3.180 0.699 

Data Security (B6) 3.184 0.698 

High Cost (C1) 2.786 0.614 

Regulatory Uncertainty (C2) 2.878 0.663 

Legacy Integration (C3) 2.904 0.698 

Skill Shortage(C4) 3.074 0.673 

Data Privacy (C5) 2.850 0.633 

Scalability (C6) 2.926 0.637 

Lack of Collaboration (C7) 2.792 0.714 

Operational Efficiency (D1) 3.008 0.773 

Customer Trust (D2) 2.916 0.688 

Drives Financial Inclusion (D3) 2.780 0.716 

This was confirmed through testing through the KMO measure of sampling adequacy and the Bartlett test of sphericity. 

KMO is reported to have been .942, which is much higher than the minimum value of .60 and indicates sampling 

adequacy. Moreover, Bartlett’s Test of Sphericity was statistically significant (kh² = 8502.708, df = 78, p < .001), 

which suggests that the variables used are more than suitable for the application of factor analysis to extract the latent 

factors of the challenges and opportunities associated with adopting blockchain in the Indian banking sector, as 

depicted in table 5. 

Table 5: KMO and Bartlett’s Test of Sphericity 

Test Value 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.942 

Bartlett’s Test of Sphericity 

Approx. Chi-Square 8502.708 

df 78 

Sig. 0.000 

The table 6 contains the summary from the Principal Component Analysis (PCA) of the 13 variables relating to the 

opportunities and challenges of the adoption of blockchain technology within the Indian banking sector. By reference 

to the Kaiser criterion (eigenvalue > 1.0), two significant components were extracted by the analysis. The first 

component, which was subsequently labelled as the Challenges Factor, had a large initial eigenvalue of 5.954 and 

accounted for 45.801% of the total variance within the data. The second component labelled as the 'Opportunities 

Factor' had an initial eigenvalue of 5.278 and accounted for 40.602 of the variances. After Varimax rotation with Kaiser 

normalisation, the proportion of variance accounted for by the Challenges Factor was marginally modified to 45.778% 

and by the Opportunities Factor to 40.626%. Together the two factors contributed to a cumulative variance of 86.403%. 

Such a proportion of explained variance can be regarded as excellent in social science and technology adoption 

literature and implies that a two-item solution is both extremely efficient and parsimonious for representing the 

structure underlying the data. Such high explanatory power indicates that the opportunities and challenges of the 

adoption of the blockchain technologies within the sector can be readily isolated and represented by the two items 

identified and provide a strong basis for further empirical investigation, e.g., testing the influence of the extracted 

factors on the perceptions of digital transformation of the Indian banking sector. 

 

 



International Academic Journal of Science and Engineering, 

Vol. 13, No. 2, pp. 348-361. 

 

356 

Table 6: Principal Component Analysis 

Component Initial 

Eigenvalues 

 
Extraction Sums 

of Squared 

Loadings 

  
Rotation Sums 

of Squared 

Loadings 

  

 
Total % of 

Variance 

Cumulative % Total % of 

Variance 

Cumulative % Total % of 

Variance 

Challenges 5.954 45.801 45.801 5.954 45.801 45.801 5.951 45.778 

Opportunities 5.278 40.602 86.403 5.278 40.602 86.403 5.281 40.626 

Note: Extraction Method: Principal Component Analysis. 

Varimax-rotated principal component analysis is presented in table 7. The analysis yielded two obvious and distinct 

factors. The former, labeled as the Challenges, had uniformly high loadings (range of 0.152 to 0.157) on all the seven 

items under the Challenges (C1 to C7), indicating that the factor represents the perceived hindrances in the adoption 

of the blockchain in Indian banks. The latter, labeled as the Opportunities, had high loadings (range of 0.175 to 0.180) 

on all six items under Opportunities (B1 to B6). The reliably low cross-factor loadings and good interpretability of the 

two factors are enough to justify a clean two-factor solution to understand the opportunities and challenges of the 

blockchain in Indian banking. 

Table 7: Component Score Coefficient Matrix 

Item Component 1 (Challenges) Component 2 (Opportunities) 

B1 -0.001 0.177 

B2 0.002 0.175 

B3 0.000 0.180 

B4 -0.002 0.180 

B5 0.001 0.176 

B6 -0.003 0.178 

C1 0.153 -0.002 

C2 0.156 0.000 

C3 0.157 0.005 

C4 0.152 -0.005 

C5 0.156 0.001 

C6 0.157 -0.001 

C7 0.153 -0.003 

Note: Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. 

The Pearson product-moment correlation test was used to test the associations between the three composite variables: 

Opportunity Mean, Challenge Mean, and Digital Transformation Mean. The results demonstrated that there is a 

statistically significant positive association between Opportunity Mean and Digital Transformation Mean (r = 0.671, 

p < 0.01). This suggests that banking professionals with higher perceptions about opportunities for blockchain, 

including reducing the cost, improving the transparency, accelerating the settlement times, and increasing the financial 

inclusion, are stronger and more likely to perceive blockchain is able to help in the effective digital transformation of 

the Indian banks.  

On the other hand, Challenge Mean and Digital Transformation Mean had a significant negative correlation  

(r = -0.559, p < 0.01). This implies that the respondents who perceived more negatively about these issues, like 

regulatory ambiguity, higher cost to implement, integration with the existing systems issues, and talent shortage, were 

also likely to be less convinced about the transformative benefits of blockchain technology. More interestingly, the 

correlation between Opportunity Mean and Challenge Mean was negligible and not statistically significant (r = 0.008, 

p > 0.05). This insignificant correlation suggests that the challenges associated with blockchain adoption and the 

benefits of using blockchain technology in the Indian banking sector are separate issues from the perspectives of 

banking professionals. Overall, the Pearson correlation test indicates an interesting set of preliminary evidence to 

support the hypothesis that opportunities and challenges associated with blockchain adoption influence expectations 

towards digital transformation through blockchain in Indian banks, as reflected in table 8. 

Table 8: Pearson Correlation Matrix 

Variable Opportunity Mean Challenge Mean DT Mean 

Opportunity Mean 1 0.008 0.671 

Challenge Mean 0.008 1 -0.559 

DT Mean 0.671 -0.559 1 
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To test how opportunities and challenges individually predicted success in blockchain technology-led digital 

transformation of the Indian banking industry, a multiple linear regression analysis was undertaken, with Digital 

Transformation Mean (DT Mean) being the dependent variable and Opportunity Mean and Challenge Mean as 

independent variables as represented in table 9. The general equation of regression was found to be significant  

[F (2, 497) = 825.918, p < 0.001], suggesting that two predictors together explain the dependent variable (table 10). 

The model accounted for a significant amount (R² = 0.769) of perceived digital transformation, having good 

explanatory power. The adjusted R² was also 0.768, which means it is a good predictor for perceiving digital 

transformation, and a high R² indicates that together, opportunities and challenges form a powerful bundle of the 

determinants impacting the expectations of banking personnel with blockchain-enabled digital transformation in India. 

Comparing the predictors, it was found that Opportunity Mean acted as an outstanding positive predictor for Digital 

Transformation Mean, which was highly statistically significant (β=0.666, β=0.675, t=31.293, p<0.001). This means 

as opportunity increases by one unit, the projected digital transformation increases by 0.675, holding all other 

challenges constant. On the other hand, Challenge Mean appeared as a strong negative predictor of Digital 

Transformation Mean and proved to be highly significant (β=-0.607, β=-0.565, t=-26.183, p=0.001), meaning 

perceived challenges are strongly associated with a large reduction in blockchain’s digital transformation impact. In 

table 11, standardized coefficients (case values) showed that perception of opportunities has more impact on the 

successful implementation of blockchain-based digital transformation (β=0.675) as compared to the challenges 

perceived (β=-0.565). This means that to fully leverage blockchain for driving the transformation, an increased focus 

on highlighting the opportunities and systematically resolving challenges would be necessary. 

Table 9: Multiple Regression Analysis 

Model R 𝐑𝟐 Adjusted 𝐑𝟐 Std. Error F Sig. 

1 0.877 0.769 0.768 0.316 825.918 0.000 

Table 10: ANOVA 

Model Sum of Squares df Mean Square F Sig. 

Regression 164.973 2 82.486 825.918 0.000 

Residual 49.637 497 0.100 - - 

Total 214.609 499 - - - 

Table 11: Coefficients of Multiple Regression Analysis 

Predictor 𝛃 Std. Error 𝛃 t Sig. 

(Constant) 2.518 0.095 — 26.615 0.000 

Opportunity Mean 0.666 0.021 0.675 31.293 0.000 

Challenge Mean -0.607 0.023 -0.565 -26.183 0.000 

Note: Predictors: Opportunity Mean, Challenge Mean. 

Comparative Performance Analysis of Blockchain and Traditional Banking Systems 

Traditional Banking Systems Compared to Blockchain-Based Banking Systems the comparison between  

blockchain-based and traditional banks serve to appreciate the efficiency improvements achieved by decentralized 

banking system infrastructures. In the case of a centralized banking system, central databases with many intervening 

and validation entities are associated with increased latency and higher transaction processing costs and susceptibility 

to fraud. Blockchains provide a decentralized database system (distributed ledger) in which the transactions are 

verified through a distributed consensus network and are stored in an immutable ledger system. 

Transaction processing efficiency is defined in (4), which measures the total number of successful transactions that 

were processed against the total processing time consumed. 

TPE =
Nt

Tp

                                                                                                                                    (4) 

In equation (4), TPE denotes transaction processing efficiency, Nt represents the number of successfully processed 

transactions, and Tp represents total processing time. Blockchain offers greater efficiencies through parallel processing 

and removes the reliance on intermediaries, while traditional systems lead to inefficiencies due to sequential 

processing. Financial efficiency gain has been explained using equation (5). Cost efficiency gain is described as the 

relative amount of savings gained through the implementation of blockchain systems. 

CRR =
Ct − Cb

Ct

× 100                                                                                                                (5) 
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In equation (5), CRR denotes the cost reduction ratio, Ct represents the operational cost in traditional banking systems, 

and Cb represents the operational cost in blockchain-based banking systems. Reduced Cost The elimination of 

intermediaries and use of smart contracts for automating processes make for a considerable decrease in costs. The 

Security Improvement Index is given in equation (6), which accounts for the reduced frequency of fraud. 

SII =
Ft − Fb

Ft

× 100                                                                                                                     (6) 

In equation (6), SII represents security improvement, Ft denotes fraud occurrences in traditional banking systems, and 

Fb represents fraud occurrences in blockchain systems. Because of the cryptographical nature and irreversibility of 

blockchain, it mitigates the risk of fraud when compared to traditional centralized database structures. The increase in 

operational efficiency obtained can be calculated by following equation (7), which defines the improvement in 

operational efficiency once the blockchain system has been put in place. 

OEG =
Eb − Et

Et

× 100                                                                                                                     (7) 

In equation (7), OEG denotes operational efficiency gain, Eb represents efficiency under blockchain systems, and 

Et represents efficiency under traditional systems. 

 

Fig. 2: Comparative Performance Analysis of Blockchain and Traditional Banking Systems 

In this fig. 2 highlights the relative efficiency of blockchain technology-based banking services as opposed to that of 

the existing ones by indicating variations in their relevant performance criteria in terms of transaction speed, efficiency 

in costs, associated fraud risk, degree of transparency, and operational efficacy. The comparison evident in fig. 2 shows 

the comparative analysis where blockchain technology-based banking services are leading the traditional ones on 

every front. 

Discussion 

The results of this empirical study demonstrate strong evidence that adoption of blockchain within the Indian banking 

sector is mainly driven by the two significant latent dimensions, namely “Opportunities and Challenges," accounting 

for 86.403% of the total variance. This suggests a highly robust factor structure of the measured constructs and 

suggests that adoption of blockchain by the bank managers is largely based on perceived benefits and barriers to 

adoption. A high percentage of total variance further supports the multidimensional nature of the adoption of 

blockchain in the context of information systems studies. 
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The results of regression analysis further reveal that opportunities have a positive and significant relationship  

(β = 0.675, p < 0.001) with the digital transformation, while the challenges have a negative and significant relationship 

(β = 0.565, p < 0.001). The models jointly explain 76.9% variance in digital transformation. Blockchain is not a pure 

technological artifact but a strategically significant enabling technology for ICT, as adoption depends on the balance 

between its perceived enabling benefits and the barriers in implementation structure and processes. 

The findings are consistent with other prior studies, such as one that established that blockchain perceived usefulness 

and facilitating conditions significantly influenced adoption intention of blockchain in the banking context (Jena, 

2022). The positive role of blockchain opportunities also supports the results of, which confirmed that blockchain 

capability leads to the improvement in operational performance and organizational effectiveness in Indian banks (Garg 

et al., 2025). The current study adds to the body of research in that it empirically demonstrated that not only do 

blockchain opportunities lead to better performance, but also directly lead to transformation in the Indian banking 

sector instead of limitation of analysis to just performance measures and adoption intentions. 

Similarly, the negative role of challenges is consistent with the previous research, such as that of who outlined those 

regulatory challenges, complexity, and the organization itself are significant impediments to blockchain adoption in 

the Indian banks (Khanna & Haldar, 2023). Comparable research, such as, also proposed the implementation cost, 

complexity of scale, and technical incompatibility challenges as significant in banking systems globally (Khatri & 

Kaushik, 2021). However, instead of addressing the barriers as independent and dispersed impediments to adoption 

as addressed by others, this study identified and integrated the barriers into a recognized latent factor construct and 

examined their negative impact on the transformation in the banking sector directly. 

Across the global research, the same phenomena can be found where trust and security have been seen as driving 

factors for blockchain adoption, while technology uncertainties act as barriers (Wider et al., 2025). However, this 

study contributes to this worldwide body of knowledge with the empirical data, where the role of innovation in 

emerging economies has shown the importance of these enablers and inhibitors and has illustrated that it is the synergy 

between these barriers and enablers that will determine the potential for successful disruption of the sector through 

the adoption of innovative technology like blockchain in the banking system. 

In conclusion, the study conceptualized blockchain not just as an evolutionary upgrade but a revolutionary enabling 

innovation that is driven by both enablers and barriers to adoption, hence shaping the ongoing digital transformation 

journey in the Indian banking sector. 

Key Findings 

In the current study under review, the exploratory factor analysis revealed the existence of two fundamental 

dimensions of blockchain technology adoption in the Indian banking industry. The first factor was called the 

Challenges Factor, where all the seven challenge-related items were clubbed, and it accounted for 45.778% of the total 

variance. The second factor, the Opportunities Factor, was named the Opportunities Factor, which contained all the 

six items related to the opportunities and accounted for 40.626% of the variance. These two factors together explain 

86.403% of the variance, which represented a robust and parsimonious factor structure. The large factor loading and 

small cross-loadings helped validate a clear distinction between opportunities and challenges in the perspective of the 

bankers. 

With regard to the relationship between the two constructs, correlation analysis yielded a positive significant 

relationship between the perceived opportunities and digital transformation (r = 0.671, p < 0.01). The perceived 

challenges were, on the other hand, significantly negatively correlated with the digital transformation (r = -0.559,  

p < 0.01). Interestingly, opportunities and challenges were found to be relatively independent of each other, and the 

correlation between the two was non-significant (r = 0.008, p > 0.05). This implies that both the dimensions are 

independent and do impact the opinion of bankers on a completely independent basis. 

Further, the multiple regression analysis further endorsed the substantial predicting capacity of the two factors on 

successful blockchain digital transformation, as the model accounted for 76.9% of the variance of the dependent 

variable, with the perceived opportunities becoming the most influential positive predictor (β = 0.675, p < 0.001) and 

perceived challenges having a major negative influence (β = -0.565, p < 0.001). It emerges from these findings that 

the need for better awareness of the benefits of blockchain needs to be enhanced; simultaneously, a major effort needs 

to be made on overcoming the challenges of blockchain implementation to harness its transformational potential for 

the Indian banking industry. 

The contribution of this research is its moving away from traditional technology adoption models towards an approach 

that focuses on transformation. Rather than analyzing isolated determinants for blockchain acceptance, this study 
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identifies two validated latent dimensions that comprise both the strategic opportunities and the operational challenges 

of implementing blockchain. These dimensions were found to be significant and oppositely impacting for digital 

transformation, providing a broader framework for blockchain as an organizational information system innovation. 

The result of this study contributes both to the blockchain adoption literature and digital transformation research 

through a valid framework that can be applied in the evaluation of emerging ICT innovations in banking environments. 

Limitations and Future Work 

Despite the empirical evidence from this study on blockchain adoption by the Indian banking sector, there are a few 

limitations. Based on the responses from 500 banking professionals (statistically sufficient data for EDA and 

regression), only incorporate the perceptions from the bank employees and do not consider other potential stakeholders 

such as the bank's customers, fintech startups, regulators, etc. In this context, hence, the conclusions might be solely 

based on bank employee perceptions, not on all constituents in the banking ecosystem. With the collection of  

cross-sectional data, were not able to reflect the dynamic changes of perceptions about blockchain adoption over time 

in this quickly changing technology environment. Relying on self-reported survey data may have some potential 

response bias and subjectivity, which could not be avoided at 100%, even after undertaking reliability and validity 

tests.  

For further research to examine how the stakeholders perceive this dynamic technology evolution and its adoption 

process over time, a more longitudinal research design should be taken into consideration. Adding other stakeholder 

samples like customers, regulatory policymakers and fintech organisations can make the research findings more robust 

in this domain. A comparative study in other countries and the banking sector may confirm the universalizability of 

this framework to other areas. Also, future studies could adopt the qualitative approaches and mixed-methods 

approach, which can bring better and deeper understanding regarding the influencing factors for blockchain adoption 

in the financial sectors and IS community. 

Conclusion 

Based on the above analysis, blockchain technologies in Indian banking have the potential to fundamentally transform 

the banking industry. In this study, have undertaken an empirical analysis of these underlying factors, opportunities, 

and challenges and their impact on digital transformation in banking, providing clear and evidence-based evidence of 

these two basic concepts. These two concepts influence blockchain in the banking industry as two main determinants 

of this sector, with the R2 value of the model explaining total variation up to 86.403%, which implies a solid factor 

structure. This finding means that the attitudes of bankers on blockchain technology are largely driven by opportunities 

presented by the technology and implementation barriers that block its widespread acceptance in the financial services 

industry in the Indian context. From the regression analysis, it was also observed that the variable, Opportunities  

(β = 0.675, p < 0.001), has a significant impact and influences digital transformation positively in the banking sector, 

whereas the variable, Challenges (β = 0.565, p < 0.001), has a significant impact on digital transformation negatively 

in the banking sector. Overall, the models with variables, opportunities, and challenges are significant and explain 

76.9% of the variation of the dependent variable of digital transformation in the banking sector (R2 = 0.769,  

F = 825.918, p < 0.001). From this it can be seen that blockchain technologies can act as a vehicle to drive 

transformation within organizations operating within the Indian financial sector. This study fills the gap in the existing 

ICT and information systems literature and validates empirically that blockchain technology is a transformative digital 

infrastructure that promotes organizational transformation in the financial industry. Blockchains may provide 

advantages, including improved levels of transparency, security, efficiency, and financial inclusion; however, the 

success of blockchains in this sector could face several obstacles, including regulatory uncertainty, high costs of 

investment, integration with existing systems, and lack of skilled personnel. However, Indian banking can achieve 

some digital transformation by overcoming some of these hurdles through proper regulation, capacity building, and a 

beneficial policy for technology adoption. Finding can offer guidance to the banks' executives, policymakers, and 

regulators in the sector that are considering accelerated blockchain adoption. 
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