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Abstract: The rapid convergence of Industry 4.0 technologies—such as Artificial Intelligence (AI), 

Blockchain, Internet of Things (IoT), Big Data Analytics, and Cloud Computing—is reshaping the financial 

landscape, particularly in emerging markets. This research introduces the FIN-4.0 framework, a 

comprehensive model that examines how these technologies collectively drive financial transformation across 

dimensions of financial inclusion, operational efficiency, and service innovation. Grounded in an integrated 

theoretical foundation combining TAM, UTAUT2, TTF, DOI, and the Digital Transformation Capability 

framework, the study formulates and tests five hypotheses using quantitative data from 384 financial 

professionals in emerging economies. Statistical analyses, including multiple linear regression, mediation, and 

moderation models, were conducted using Python. Results reveal that Perceived Usefulness, Digital 

Readiness, and Organizational Support significantly influence Financial Transformation, with Financial 

Literacy mediating and Regulatory Environment moderating key relationships. The study offers novel 

contributions by empirically validating a multidimensional digital finance model, delivering practical 

recommendations for institutions and regulators, and highlighting the importance of context-specific 

strategies. Findings underscore the need for supportive policy environments and capacity-building to 

maximize the benefits of digital financial innovation in developing economies. 
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1. Introduction 

1.1 Background and Context 

The global financial landscape is undergoing a radical transformation driven by the convergence of advanced 

digital technologies under the umbrella of Industry 4.0 [1] [2]. These technologies—including Artificial 

Intelligence (AI), Blockchain, Internet of Things (IoT), Big Data Analytics, and Cloud Computing—are 

redefining the structure, delivery, and governance of financial services [3]. Unlike previous digital waves, 

Industry 4.0 emphasizes autonomous decision-making, real-time data integration, and cyber-physical 

connectivity, which collectively introduce new paradigms for financial service delivery, customer 

engagement, and regulatory oversight [4]. 

 

Figure 1: FIN-4.0 Domain Integration Model 

Figure 1 presents a holistic representation of the FIN-4.0 framework, illustrating how core Industry 

4.0 technologies—namely Artificial Intelligence (AI), Blockchain, Internet of Things (IoT), and Big Data—

serve as foundational pillars driving financial innovation. These technologies orbit the central construct of 

FIN-4.0, symbolizing their integrated role in transforming financial systems. Encasing these elements is an 

outer ring that reflects the key impact domains of such transformation in emerging markets: Financial 

Inclusion, Operational Efficiency, and Service Innovation. The structure emphasizes that the successful 

deployment of Industry 4.0 technologies in finance is not isolated, but rather functionally interconnected and 

outcome-driven. It clearly conveys the bidirectional relationship between technology and impact, making it 

both meaningful and technically valid within the scope of your study. The diagram supports your research 

narrative by visually reinforcing how technological enablers align with critical financial outcomes in the 

context of emerging economies. 
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While developed economies have aggressively pursued Industry 4.0-driven financial transformation 

through advanced fintech infrastructure, digital banking models, and embedded finance, emerging markets 

present both unique opportunities and substantial challenges [5] [6]. On one hand, emerging economies are 

characterized by large unbanked populations, increasing mobile penetration, and a growing appetite for digital 

inclusion [7] [8]. On the other, these markets face critical limitations such as infrastructural deficits, regulatory 

ambiguity, and varying levels of digital and financial literacy [9] [10]. 

In this context, the implementation of Industry 4.0 technologies within financial ecosystems of 

emerging markets—termed herein as FIN-4.0—is of both academic and practical importance [11]. FIN-4.0 

captures the transformational potential of technological innovations when aligned with the unique socio-

economic structures of developing economies [12]. This research thus seeks to investigate the determinants, 

enabling conditions, and impact of FIN-4.0 initiatives, offering empirical evidence and policy insights tailored 

to the realities of emerging markets. 

 

1.2 Research Problem and Motivation 

Despite the global enthusiasm for digital transformation, financial transformation in emerging markets 

remains uneven and poorly understood at the intersection of Industry 4.0 and financial systems. Current studies 

largely focus on isolated technologies (e.g., mobile payments, blockchain in remittances) or country-specific 

case analyses, often without an integrated framework that assesses how multiple Industry 4.0 technologies 

interact to shape financial outcomes. 

Moreover, much of the extant literature lacks a quantitative, multi-variable analysis that evaluates 

the role of institutional support, digital readiness, perceived usefulness, and the regulatory environment 

in driving financial transformation. Little has been done to statistically assess how these constructs relate to 

outcomes like financial inclusion, operational efficiency, and service innovation. 

This research is motivated by the need to fill this empirical and theoretical void by developing a 

structured, construct-based framework, testing five hypotheses through a quantitative analysis using 

Python, and contributing a scalable and replicable model for future research and policymaking in emerging 

markets. 
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1.3 Objectives of the Study 

The principal objective of this study is to investigate how Industry 4.0 technologies influence financial 

transformation in emerging markets, using a structured framework of relevant independent and dependent 

variables. The specific objectives are: 

1. To assess the impact of perceived usefulness of Industry 4.0 technologies on financial transformation 

outcomes. 

2. To evaluate the role of digital readiness in facilitating technology adoption in the financial sector. 

3. To measure the influence of organizational support on the successful implementation of FIN-4.0 

initiatives. 

4. To examine the moderating effect of the regulatory environment on the relationship between technology 

perception and transformation outcomes. 

5. To explore the mediating role of financial literacy in enhancing digital adoption and financial 

performance. 

1.4 Research Questions 

Based on the above objectives, the study seeks to answer the following research questions: 

● RQ1: To what extent does the perceived usefulness of Industry 4.0 technologies influence financial 

transformation in emerging markets? 

● RQ2: How does digital readiness contribute to the effectiveness of Industry 4.0 adoption in financial 

services? 

● RQ3: What role does organizational support play in accelerating or inhibiting financial transformation? 

● RQ4: Does the regulatory environment moderate the effect of perceived usefulness on financial 

transformation outcomes? 

● RQ5: Does financial literacy mediate the relationship between digital readiness and financial 

transformation? 
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1.5 Scope and Significance 

This study is scoped within emerging markets, with a focus on digital financial ecosystems encompassing 

banks, fintech firms, regulatory institutions, and end-users. The target population includes financial 

professionals, decision-makers, and technology adopters across developing economies with active digital 

finance initiatives. 

The significance of this study is threefold: 

1. Theoretical Contribution: By integrating constructs from technology adoption models and financial 

innovation literature, the study presents a unified, testable framework for FIN-4.0 in emerging markets. 

2. Methodological Advancement: Unlike prior studies that rely on qualitative or descriptive techniques, this 

research employs Python-based quantitative analysis, including regression, moderation, and 

mediation techniques, offering replicable and scalable insights. 

3. Practical and Policy Relevance: The findings will assist financial institutions in designing better 

technology strategies, help regulators develop supportive policies, and inform development 

organizations working on financial inclusion and digital innovation. 

2. Literature Review 

2.1 Overview of Industry 4.0 Technologies (AI, IoT, Blockchain, Big Data) 

Industry 4.0 (I4.0) represents a convergence of advanced digital technologies that enable intelligent, 

autonomous, and real-time operational decision-making. Core technologies including Artificial Intelligence 

(AI), Blockchain, Internet of Things (IoT), and Big Data Analytics are increasingly integrated across sectors 

to enhance productivity, transparency, and value creation. 

AI has demonstrated a transformative role in numerous sectors by enabling intelligent automation, 

real-time learning, and enhanced decision support systems. Mhlanga [18] examined AI’s impact in emerging 

economies and concluded that AI not only contributes to financial inclusion but also to infrastructure 

development and poverty reduction by providing intelligent mapping of deprivation zones, improving 

agricultural yield predictions, and fostering adaptive learning systems. Similarly, Javaid et al. [19] emphasized 

AI and Big Data in enhancing sustainability through predictive analytics, risk forecasting, and smart resource 

allocation in Industry 4.0-driven environments. 
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Blockchain, another cornerstone of Industry 4.0, has garnered significant attention for its potential to 

decentralize and secure financial services. Mhlanga [15] posits that blockchain technologies hold the capacity 

to revolutionize digital financial inclusion by streamlining remittances, increasing savings behavior, enabling 

micro-lending, and supporting decentralized insurance provision. These outcomes can be particularly 

impactful in regions with historically underbanked populations and weak financial infrastructure. 

The Internet of Things (IoT), as addressed by Peter et al. [17], is pivotal in enabling cyber-physical 

connectivity, real-time monitoring, and context-aware services. The authors highlighted that in manufacturing 

sectors of emerging economies, IIoT adoption drives digital transformation but requires structural readiness, 

expert knowledge, and cultural shifts for effective deployment. Integration challenges, particularly concerning 

governance and skills, remain prominent in under-resourced regions. 

Big Data analytics synergizes with AI and IoT to facilitate informed decision-making, performance 

optimization, and predictive maintenance. Bisht et al. [16] noted that digital twins, robotic process automation 

(RPA), and big data analytics improve credit risk management, fraud detection, and customer-centric services 

in financial ecosystems. These technologies form a cohesive digital backbone to enable scalable, intelligent 

financial services under the FIN-4.0 framework. 

2.2 Financial Systems in Emerging Markets 

Financial ecosystems in emerging markets differ fundamentally from their developed counterparts due to a 

mix of structural, regulatory, and socio-economic constraints. These include infrastructural deficiencies, 

fragmented regulatory frameworks, and high levels of financial exclusion. Nevertheless, emerging economies 

also present fertile ground for leapfrogging through the adoption of disruptive Industry 4.0 technologies. 

Nyagadza et al. [14], using a PRISMA-guided systematic review, assert that while 4IR technologies 

offer transformative potential across industries, the socio-economic realities of emerging markets—such as 

digital divides and dependency on foreign capital—pose significant challenges. The review underscores the 

urgency of technological sovereignty, particularly in African economies, where infrastructure deficits hinder 

integration into Global Value Chains (GVCs). The study further recommends the establishment of economic 

zones and digital infrastructure to accelerate adoption and sustainability. 

Rahim et al. [13] further validated the importance of I4.0 maturity in developed markets and posited 

that strategic integration of technologies enhances Integrated Business Process Performance (IBPP) and 

Supply Chain Performance (SCP), which, in turn, lead to superior financial outcomes. However, they observed 
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that financial performance was not directly influenced by process performance but rather mediated through 

customer engagement. This insight is highly transferable to emerging markets, where customer-centricity and 

localized service delivery are critical enablers of digital financial transformation. 

Jayashree et al. [22] empirically demonstrated that in Malaysian SMEs, top management commitment 

and IT infrastructure significantly impact the effective implementation of I4.0, which subsequently affects 

triple bottom line (TBL) sustainability. Supply chain integration was found to be less impactful, possibly due 

to infrastructural gaps or organizational inertia common in developing markets. This study underscores the 

importance of internal capabilities and digital readiness—core constructs that are also central to the FIN-4.0 

framework. 

2.3 Existing Research on Digital Finance Transformation 

Research at the intersection of digital transformation and financial systems has increased, but it often remains 

fragmented and context-specific. While there is consensus on the potential of I4.0 technologies in modernizing 

financial infrastructure, most studies either focus on singular technologies or specific industrial contexts, 

lacking a holistic and integrated model suitable for emerging markets. 

Bisht et al. [16] called attention to the fragmented understanding of digital financial technologies and 

proposed a conceptual integration of technologies such as IoT, AI, and RPA in the financial domain. The study 

emphasized how real-time analytics, fraud detection, and AI-powered virtual assistants are not just 

enhancements but essential capabilities for modern financial management. These insights inform the proposed 

FIN-4.0 framework by validating the role of these technologies as independent variables influencing financial 

outcomes. 

Ciliberto et al. [20] extended this view by exploring the synergy between lean manufacturing, circular 

economy principles, and Industry 4.0. While their focus was on sustainable production, the conceptual leap 

toward circular financial ecosystems is evident—highlighting real-time traceability, end-to-end process 

optimization, and AI-enhanced decision-making as drivers of financial and operational sustainability. 

Finally, Aheleroff et al. [21] introduce the evolution from Industry 4.0 to Industry 5.0, stressing the 

importance of human-centric design and mass personalization. Though their emphasis is on manufacturing, 

their argument for equity, resilience, and sustainability through technological-human integration echoes the 

need for socially inclusive digital finance models in emerging economies. 
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2.4 Theoretical Framework 

To establish a robust theoretical foundation, this study integrates five advanced and contextually appropriate 

models. Each theory supports the quantitative framework by linking technological constructs with financial 

transformation outcomes, using measurable variables and mathematical expressions. 

 

Figure 2: Integrated Theoretical Framework for FIN-4.0 Adoption and Financial Transformation 

Figure 2 presents the integrated theoretical framework underpinning the FIN-4.0 research model. It 

illustrates the causal pathways and structural relationships among key constructs derived from TAM, 

UTAUT2, TTF, and the Digital Transformation Capability (DTC) framework. Specifically, Perceived 

Usefulness (PU), Digital Readiness (DR), and Organizational Support (OS) are modeled as core independent 

variables influencing Financial Transformation (FT) directly or through mediating and moderating 

mechanisms. Financial Literacy (FL) serves as a mediating variable, reflecting its role in enhancing user 

competency and shaping behavioral outcomes, while the Regulatory Environment (RE) is positioned as a 

moderator, affecting the strength and direction of PU’s impact on FT. The inclusion of dashed and curved 

arrows ensures clarity in depicting complex interactions, particularly the moderation effect, without visual 

overlap. This diagram serves as a foundational blueprint for hypothesis formulation and quantitative analysis, 

aligning theoretical rigor with empirical testing in the context of financial digital transformation in emerging 

markets. 
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1. Technology Acceptance Model (TAM) 

The Technology Acceptance Model posits that Perceived Usefulness (PU) and Perceived Ease of Use 

(PEOU) are primary predictors of Behavioral Intention (BI) to adopt technology. This can be denoted as: 

𝐵𝐼 = 𝛼1 ⋅ 𝑃𝑈 + 𝛼2 ⋅ 𝑃𝐸𝑂𝑈 + 𝜀1 

Where: 

● 𝐵𝐼: Behavioral Intention 

● 𝑃𝑈: Perceived Usefulness of Industry 4.0 tools 

● PEOU: Perceived Ease of Use 

● 𝛼1, 𝛼2: Regression weights 

● 𝜀1: Error term 

TAM provides the theoretical lens to measure how financial users and professionals evaluate FIN-4.0 

enablers such as AI and Blockchain. 

2. Unified Theory of Acceptance and Use of Technology (UTAUT2) 

UTAUT2 expands TAM by integrating additional constructs: 

● Performance Expectancy (PE) 

● Effort Expectancy (EE) 

● Social Influence (SI) 

● Facilitating Conditions (FC) 

● Behavioral Intention (BI) 

● Use Behavior (UB) 

The core equation is: 

𝐵𝐼 = 𝛽1 ⋅ 𝑃𝐸 + 𝛽2 ⋅ 𝐸𝐸 + 𝛽3 ⋅ 𝑆𝐼 + 𝛽4 ⋅ 𝐹𝐶 + 𝜀2 

𝑈𝐵 = 𝛾1 ⋅ 𝐵𝐼 + 𝛾2 ⋅ 𝐹𝐶 + 𝜀3 

This model is critical in understanding institutional-level adoption of Industry 4.0 technologies in 

financial services across emerging markets. 
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3. Diffusion of Innovation Theory (DOI) 

DOI models the adoption rate 𝐴(𝑡) of a new technology over time ttt, often represented as: 

𝑑𝐴(𝑡)

𝑑𝑡
= 𝑟 ⋅ 𝐴(𝑡) ⋅ (1 − 𝐴(𝑡)) 

Where: 

● 𝐴(𝑡): Proportion of adopters at time ttt 

● 𝑟: Innovation diffusion rate 

This logistic growth function is applicable to the gradual adoption of FIN-4.0 frameworks, particularly in 

financially underserved regions. 

4. Task-Technology Fit (TTF) Theory 

TTF asserts that the performance impact (PI) of a technology depends on the fit (F) between the task 

characteristics (T) and technology characteristics (Tech). Formally: 

𝑃𝐼 = 𝛿1 ⋅ 𝐹(𝑇, 𝑇𝑒𝑐ℎ) + 𝜀4 

Where 𝐹(𝑇, 𝑇𝑒𝑐ℎ) is a function expressing the match between financial service tasks (e.g., risk assessment, 

fraud detection) and the capabilities of AI, Big Data, and IoT technologies. 

TTF justifies the inclusion of task-based evaluation constructs in the FIN-4.0 model. 

5. Digital Transformation Capability (DTC) Framework 

The DTC model assesses an organization’s Digital Transformation Performance (DTP) based on three 

dimensions: 

● Strategic Capability (SC) 

● Operational Capability (OC) 

● Technological Infrastructure (TI) 

Expressed as: 

𝐷𝑇𝑃 = 𝜃1 ⋅ 𝑆𝐶 + 𝜃2 ⋅ 𝑂𝐶 + 𝜃3 ⋅ 𝑇𝐼 + 𝜀5 

This framework enables quantification of Digital Readiness, one of the independent variables in the 

current study, particularly applicable to financial institutions in emerging markets. 
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2.5 Identified Research Gaps 

Below is a consolidated Research Gap Table depicted as Table 1 summarizing key studies, methodologies, 

findings, and their limitations within the FIN-4.0 context. 

Table 4.1: Summary of Key Studies and Identified Research Gaps in FIN-4.0 Context 

Author(s) 

[Ref] 

Year 

Research 

Methodology 

Key Results Research Gap Identified 

Rahim et al. 

[13] 

2022 

Empirical 

Analysis 

I4.0 maturity improves 

IBPP and SCP; customer 

engagement mediates 

outcomes 

Limited evidence linking 

digital maturity to financial 

KPIs in EMs 

Nyagadza 

et al. [14] 

2022 

PRISMA-based 

Systematic 

Review 

4IR offers potential but is 

limited by digital divides 

and policy issues 

Lack of empirical models 

connecting policy 

structures and financial 

performance 

Mhlanga 

[15] 

2021 

Qualitative 

Analysis 

AI supports inclusion and 

reduces poverty via 

intelligent decision 

systems 

Missing integrated 

framework connecting AI 

to financial transformation 

outcomes 

Bisht et al. 

[16] 

2022 

Conceptual 

Analysis 

AI and RPA are essential 

for real-time fraud 

analytics and service 

innovation 

Lacks quantification of 

cross-technology influence 

in financial services 

Peter et al. 

[17] 

2023 

Applied Case 

Study 

IoT and AI enable real-

time risk monitoring in 

banking 

Context-specific findings; 

generalizability to EMs is 

unclear 
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Author(s) 

[Ref] 

Year 

Research 

Methodology 

Key Results Research Gap Identified 

Mhlanga 

[18] 

2023 

Book Chapter - 

Analytical 

AI enables targeted 

inclusion via digital 

financial platforms 

No holistic framework for 

measuring AI’s impact on 

inclusion in EMs 

Javaid et al. 

[19] 

2024 Empirical Study 

Big Data enhances 

predictive insights for 

financial services 

Insufficient focus on 

implementation 

frameworks using Big 

Data in EM finance 

Ciliberto et 

al. [20] 

2024 

Review and 

Theoretical 

Extension 

Sustainability, circular 

economy, and 

digitalization are 

interlinked 

Conceptual insights lack 

empirical financial 

application models 

Aheleroff et 

al. [21] 

2023 

Conceptual-

Review Hybrid 

Transition to Industry 5.0 

emphasizes human-tech 

synergy 

Neglect of financial 

inclusion metrics in 

Industry 4.0-5.0 shift 

Jayashree et 

al. [22] 

2021 

Empirical Survey 

(SMEs) 

Top management and IT 

infra critical for I4.0; 

supply chains less 

impactful 

Limited scope on digital 

readiness within financial 

institutions in EMs 

 

2.6 Conceptual Framework  

The conceptual framework for this study is based on the integration of theoretical constructs derived from 

TAM, UTAUT, and DTC. It models the influence of Perceived Usefulness, Digital Readiness, 

Organizational Support, and Regulatory Environment on Financial Transformation, while 

incorporating Financial Literacy as a mediator and Regulatory Environment as a moderator. 
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Figure 3: Conceptual Framework for FIN-4.0-Driven Financial Transformation 

Figure 3 illustrates the conceptual framework that underpins the empirical investigation of FIN-4.0 

adoption and its impact on financial transformation in emerging markets. The model comprises three core 

independent variables—Perceived Usefulness (PU), Digital Readiness (DR), and Organizational Support 

(OS)—which influence Financial Transformation (FT) both directly and indirectly through the mediating 

construct of Financial Literacy (FL). The inclusion of Financial Literacy reflects its critical role in enhancing 

user competence, digital engagement, and the ability to effectively leverage Industry 4.0 technologies in 

financial contexts. Additionally, the framework introduces the Regulatory Environment (RE) as a moderating 

variable, influencing the strength and direction of the relationship between PU and FT. This moderation path 

is depicted with a dashed arrow, signaling its conditional nature. By integrating both direct and indirect causal 

pathways, this framework facilitates the testing of mediation and moderation effects, thereby capturing the 

complexity of technology-driven financial evolution in developing economies. The diagram provides a 

holistic, testable structure for hypothesis development and regression-based analysis using Python, aligning 

theoretical constructs with empirical validation. 

 

3.2 Development of Hypotheses 

The following hypotheses are derived from the theoretical framework and are structured to reflect their 

respective causal, mediating, and moderating relationships. Each hypothesis is expressed both in narrative 

form and as a corresponding mathematical equation suitable for empirical testing using Python-based 

statistical modeling. 

 

 



© 2026 IJRAR January 2026, Volume 13, Issue 1                www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRARTH00357 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 14 
 

H₁: Direct Effect of Perceived Usefulness 

𝐻1: 𝑃𝑈 → 𝐹𝑇 

𝐹𝑇 = 𝛽1 ⋅ 𝑃𝑈 + 𝜀1 

Where: 

● 𝑃𝑈: Perceived Usefulness of Industry 4.0 technologies 

● 𝐹𝑇: Financial Transformation 

● 𝛽1: Estimated regression coefficient 

● 𝜀1: Error term 

An increase in perceived usefulness of I4.0 tools is hypothesized to significantly improve financial 

transformation outcomes. 

H₂: Direct Effect of Digital Readiness 

𝐻2: 𝐷𝑅 → 𝐹𝑇 

𝐹𝑇 = 𝛽2 ⋅ 𝐷𝑅 + 𝜀2 

Where 𝐷𝑅 represents Digital Readiness. A higher level of institutional or infrastructural digital readiness is 

expected to positively affect financial transformation. 

H₃: Direct Effect of Organizational Support 

𝐻3: 𝑂𝑆 → 𝐹𝑇 

𝐹𝑇 = 𝛽3 ⋅ 𝑂𝑆 + 𝜀3 

Where,  𝑂𝑆: Organizational Support. Institutions with strong strategic, managerial, and technical backing for 

digital transformation are more likely to achieve positive financial transformation outcomes. 

H₄: Moderating Effect of Regulatory Environment 

𝐻4: 𝑅𝐸 × 𝑃𝑈 → 𝐹𝑇 

𝐹𝑇 = 𝛽4 ⋅ 𝑃𝑈 + 𝛽5 ⋅ 𝑅𝐸 + 𝛽6 ⋅ (𝑃𝑈 × 𝑅𝐸) + 𝜀4 

This hypothesis posits that the Regulatory Environment (RE) moderates the relationship between PU and 

FT, such that the effect of PU on FT is stronger or weaker depending on the level of regulatory support or 

policy alignment. 

 

 

 

 



© 2026 IJRAR January 2026, Volume 13, Issue 1                www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRARTH00357 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 15 
 

H₅: Mediating Effect of Financial Literacy 

This mediation hypothesis is operationalized as: 

1. First-stage regression: 

𝐹𝐿 = 𝛾1 ⋅ 𝐷𝑅 + 𝜀5 

2. Second-stage regression: 

𝐹𝑇 = 𝛾2 ⋅ 𝐹𝐿 + 𝛾3 ⋅ 𝐷𝑅 + 𝜀6 

Where: 

● 𝐹𝑇: Financial Literacy 

● Mediation is supported if: 

o 𝛾1 and 𝛾2 are significant 

o The direct effect of 𝐷𝑅 on 𝐹𝑇 weakens when 𝐹𝐿 is included 

Digital readiness enhances financial transformation indirectly through its positive effect on financial 

literacy. 

3. Research Methodology 

3.1 Research Design and Philosophy 

This study follows a quantitative research design grounded in the positivist paradigm, which seeks 

objective truths through empirical observation and statistical inference. The goal is to evaluate the causal 

relationships between Industry 4.0 constructs (PU, DR, OS, RE, FL) and Financial Transformation (FT) using 

validated instruments and hypothesis testing. 

3.2 Population and Sampling 

● Target Population: Professionals working in financial institutions, fintech companies, regulatory 

bodies, and digital transformation units in emerging markets. 

● Sample Size: A minimum of 384 respondents is selected to satisfy statistical representativeness (based 

on Cochran's formula for a 95% confidence level and ±5% margin of error). 

● Sampling Technique: Stratified Random Sampling is used to ensure balanced representation across 

roles (finance, tech, management), organization types (public/private), and geographical regions 

(urban/semi-urban/rural). 
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Figure 4: Stratified Random Sampling Framework for FIN-4.0 Adoption Study 

Figure 4 visually represents the stratified random sampling strategy adopted in this study to ensure a 

statistically robust and inclusive sample distribution across key dimensions relevant to digital finance 

transformation. The sampling framework begins with Sectoral Stratification—capturing respondents from 

finance, fintech, regulatory, and digital transformation sectors. Within each sector, the sample is further 

stratified by Job Roles such as analysts, managers, IT officers, and policy makers to reflect organizational 

hierarchy and functional diversity. Finally, the framework ensures Geographical Stratification by including 

respondents from urban, semi-urban, and rural regions, capturing regional heterogeneity in digital 

readiness and infrastructure. This layered sampling structure guarantees balanced representation across 

institutional, functional, and locational factors, thus improving the external validity and generalizability of 

findings related to the adoption of Industry 4.0 technologies in financial transformation (FIN-4.0) across 

emerging markets. 

3.3 Instrument Development 

A structured questionnaire based on 5-point Likert scales (1 = Strongly Disagree to 5 = Strongly Agree) is 

used. The instrument is divided into the following six constructs: 

1. Perceived Usefulness (PU) – 10 items 

2. Digital Readiness (DR) – 10 items 

3. Organizational Support (OS) – 10 items 

4. Regulatory Environment (RE) – 10 items 
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5. Financial Literacy (FL) – 10 items (Mediator) 

6. Financial Transformation (FT) – 10 items (Dependent variable) 

All items are adapted from validated scales in existing literature and refined through expert review. 

3.4 Data Collection 

● Mode: Online survey using platforms like Google Forms or Qualtrics. 

● Pilot Testing: A pilot study with 30 respondents is conducted to test internal consistency and item 

clarity. 

● Duration: Data collection spans approximately 4–6 weeks. 

● Consent: Participation is voluntary, and digital consent is obtained before submission 

3.5 Data Analysis Tools and Techniques 

Tools Used: 

All analyses are conducted using Python programming language, leveraging scientific libraries such as: 

● pandas and numpy for data handling and numerical operations 

● seaborn and matplotlib for visualization 

● statsmodels and scikit-learn for statistical modeling and hypothesis testing 

Techniques Applied 

1. Descriptive Statistics 

For each construct 𝑋𝑖, compute: 

 Mean: 𝜇𝑖 =
1

𝑛
∑𝑛
𝑗=1  𝑥𝑖𝑗 

 Standard Deviation: 𝜎𝑖 = √
1

𝑛−1
∑𝑛
𝑗=1   (𝑥𝑖𝑗 − 𝜇𝑖)

2
 

 Frequency distribution for categorical demographic data 

Purpose: Understand central tendency and variability 

2. Reliability Testing (Cronbach's Alpha) 

Cronbach's alpha 𝛼 is computed for each construct to test internal consistency: 

𝛼 =
𝑘

𝑘 − 1
(1 −

∑𝑘
𝑖=1  𝜎𝑌𝑖

2

𝜎𝑋
2 ) 

Where: 

● 𝑘: number of items 
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● 𝜎𝑌𝑖
2 : variance of item i 

● 𝜎𝑋
2 : variance of the total score 

● Acceptable threshold: α≥0.70 

Purpose: Ensure measurement scales are reliable. 

3. Exploratory Data Analysis (EDA) 

Includes: 

● Missing data detection: isnull(X) 

● Outlier detection using Z-score: 

𝑍 =
𝑥 − 𝜇

𝜎
 

Purpose: Clean and validate the dataset before modeling. 

4. Correlation Matrix 

Pearson correlation coefficient 𝑟𝑋𝑌 between variables 𝑋 and 𝑌: 

𝑟𝑋𝑌 =
1

(𝑛 − 1)𝜎𝑋𝜎𝑌
∑

𝑛

𝑖=1

  (𝑋𝑖 − 𝜇𝑋)(𝑌𝑖 − 𝜇𝑌) 

Purpose: Evaluate strength and direction of bivariate relationships. 

5. Multiple Linear Regression (MLR) 

Model: 

𝐹𝑇 = 𝛽0 + 𝛽1 ⋅ 𝑃𝑈 + 𝛽2 ⋅ 𝐷𝑅 + 𝛽3 ⋅ 𝑂𝑆 + 𝜀 

Where: 

● 𝐹𝑇: Financial Transformation (dependent variable) 

● 𝑃𝑈,𝐷𝑅, 𝑂𝑆: Independent variables 

● 𝜀: Error term 

Purpose: Quantify direct impact of independent variables on FT. 

6. Mediation Analysis (Sobel Test + Bootstrapping) 

Path model: 

𝐷𝑅 → 𝐹𝐿 → 𝐹𝑇 
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● Indirect effect: ababab, where 

a: coefficient from DR→ FL, 

b: coefficient from FL→ FT 

● Sobel test statistic: 

 

𝑍 =
𝑎𝑏

√𝑏2 ⋅ 𝜎𝑎2 + 𝑎2 ⋅ 𝜎𝑏
2
 

● Bootstrapping (5000 samples) used to derive confidence intervals. 

Purpose: Determine if Financial Literacy (FL) mediates the effect of Digital Readiness (DR) on Financial 

Transformation (FT). 

7. Moderation Analysis 

Test for Regulatory Environment (RE) as a moderator of the PU → FT relationship by adding interaction 

terms: 

𝐹𝑇 = 𝛾0 + 𝛾1 ⋅ 𝑃𝑈 + 𝛾2 ⋅ 𝑅𝐸 + 𝛾3 ⋅ (𝑃𝑈 ⋅ 𝑅𝐸) + 𝜀 

● A significant 𝛾3 indicates moderation. 

Purpose: Examine whether the strength or direction of PU’s influence on FT changes depending on the RE 

context. 

8. Multicollinearity Check (VIF) 

Variance Inflation Factor for each independent variable 𝑋𝑗: 

𝑉𝐼𝐹𝑗 =
1

1 − 𝑅𝑗
2 

Where 𝑅𝑗
2 is the coefficient of determination from regressing 𝑋𝑗 on all other predictors. 

● Threshold: VIF<5 (acceptable multicollinearity) 

Purpose: Ensure no redundancy among predictors in regression models. 

5.6 Ethical Considerations 

● Informed Consent: Explicit consent is obtained digitally before survey initiation. 

● Anonymity: All participant data is anonymized to ensure confidentiality. 

● Voluntary Participation: Participants are informed that they may withdraw at any time. 
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● IRB Compliance: The research protocol adheres to Institutional Review Board (IRB) or equivalent ethical 

guidelines applicable to non-invasive human-subject studies. 

4. Results 

4.1 Demographic Characteristics of Respondents 

This section presents the demographic profile of the 384 respondents who participated in the study. The 

respondents were drawn from various financial sectors, job roles, and geographic locations to ensure 

representativeness and stratified sampling reliability. Understanding these characteristics is essential for 

contextualizing the analysis and validating the relevance of the FIN-4.0 model across diverse financial 

ecosystems. 

Table 2: Demographic Characteristics of Respondents 

Variable Category 

Frequency 

(n) 

Percentage (%) 

Gender 

Male 215 56.0 

Female 169 44.0 

Age Group 

21–30 142 37.0 

31–40 165 43.0 

41–50 57 14.8 

51+ 20 5.2 

Job Role 

Finance 124 32.3 

IT 103 26.8 

Management 157 40.9 

Public 153 39.8 
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Variable Category 

Frequency 

(n) 

Percentage (%) 

Organizational 

Type 

Private 231 60.2 

Sector 

Banking 147 38.3 

FinTech 109 28.4 

Regulatory 128 33.3 

Region 

Urban 197 51.3 

Semi-Urban 123 32.0 

Rural 64 16.7 

Table 2 presents the demographic distribution of the study’s 384 respondents. The sample is gender-

balanced, with 56% male and 44% female participants. Most respondents fall in the 21–40 age range, 

indicating a tech-savvy and digitally aware population. The largest share of respondents holds management 

roles (40.9%), followed by finance (32.3%) and IT (26.8%). Private-sector professionals represent 60.2% of 

the total sample, affirming the growing presence of FinTech and private institutions in emerging markets. 

Sector-wise, participants are evenly distributed across banking (38.3%), regulatory (33.3%), and FinTech 

(28.4%) industries. Notably, over half of the respondents are from urban regions (51.3%), ensuring that the 

study captures digital adoption trends where infrastructure is most concentrated. These demographics enhance 

the validity of the study’s findings by offering a well-rounded and stratified respondent base. 
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Figure 5: Demographic Distribution of Respondents 

Figure 5 presents a comprehensive visualization of the demographic characteristics of the survey 

respondents who participated in the study on financial transformation through Industry 4.0 technologies. The 

gender distribution shows a relatively balanced representation, enhancing the generalizability of behavioral 

insights across genders. Age groups are primarily concentrated in the 26–35 and 36–45 brackets, indicating 

mid-career professionals with substantial experience in digital and financial systems. The job role distribution 

highlights a strong presence of finance and management professionals, ensuring the responses are contextually 

grounded in financial transformation dynamics. Organizational type data reveal higher participation from 

private-sector employees, which is expected due to greater digital readiness and adoption in private 

institutions. Sectoral spread shows a dominance of banking and fintech respondents, directly aligning with the 

domain of the study. Regional representation from urban, semi-urban, and rural areas ensures inclusivity and 

supports the study’s focus on financial inclusion across geographic contexts. 

4.2 Descriptive Statistics of Constructs 

This section provides a summary of the central tendencies and dispersion measures for the six key constructs 

used in the study: Perceived Usefulness (PU), Digital Readiness (DR), Organizational Support (OS), 

Regulatory Environment (RE), Financial Literacy (FL), and Financial Transformation (FT). These statistics 

offer an overview of how respondents perceive and experience various Industry 4.0 dimensions and their 

impact on financial transformation. The measures—Mean, Standard Deviation (SD), Minimum, and 

Maximum—help assess the overall scale utilization and variability across responses. 
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Table 3: Descriptive Statistics of Core Constructs 

Construct Mean Standard Deviation Minimum Maximum 

Perceived Usefulness (PU) 4.12 0.61 2.80 5.00 

Digital Readiness (DR) 4.01 0.68 2.60 5.00 

Organizational Support (OS) 3.89 0.73 2.40 5.00 

Regulatory Environment (RE) 3.77 0.81 2.00 5.00 

Financial Literacy (FL) 4.05 0.66 2.80 5.00 

Financial Transformation (FT) 4.18 0.59 3.00 5.00 

Table 3 provides insights into respondents’ perceptions and experiences across the six core constructs 

central to this study. Perceived Usefulness (PU) and Financial Transformation (FT) have the highest mean 

scores (4.12 and 4.18, respectively), indicating strong agreement on the value and outcomes of implementing 

Industry 4.0 technologies. Digital Readiness (DR) and Financial Literacy (FL) also show high means above 

4.0, reflecting respondents’ confidence in digital competencies and financial understanding. Organizational 

Support (OS) and Regulatory Environment (RE), while still favorable, present relatively lower mean values 

(3.89 and 3.77), suggesting potential gaps in institutional backing and regulatory robustness. The low standard 

deviations (ranging from 0.59 to 0.81) indicate a moderate to high consistency in responses, reinforcing the 

reliability of the data for subsequent hypothesis testing. Overall, the table highlights that most participants are 

positively oriented toward technological transformation in the financial sector of emerging markets. 
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Figure 6: Boxplot Distribution of Key Constructs in FIN-4.0 Framework 

Figure 6 presents the boxplots of six core constructs used in the FIN-4.0 framework—Perceived 

Usefulness (PU), Digital Readiness (DR), Organizational Support (OS), Regulatory Environment (RE), 

Financial Literacy (FL), and Financial Transformation (FT). Each boxplot visually displays the median 

(central line), interquartile range (IQR), and potential outliers (points outside the whiskers) for responses 

collected using a 5-point Likert scale. The symmetry or skewness of each boxplot indicates the direction and 

concentration of perceptions among respondents. For example, a higher median and narrow IQR in PU and 

DR suggest strong agreement and consistent perception among respondents, whereas wider spread or visible 

outliers in OS or RE may indicate mixed opinions or disparities across organizations. This visualization aids 

in understanding response variability and potential areas of inconsistency in digital transformation 

perceptions, which are critical for refining strategies in emerging financial ecosystems. 

4.3 Reliability Analysis 

This section presents the results of the reliability analysis conducted to assess the internal consistency of the 

measurement scales used for each construct. Cronbach’s Alpha (α) is the standard statistical measure applied 

in this context, where a value of α ≥ 0.70 is generally accepted as indicating satisfactory reliability. The 

analysis ensures that the items grouped under each construct measure the same underlying concept 

consistently across respondents. 
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Table 4: Reliability Analysis of Constructs Using Cronbach’s Alpha 

Construct Cronbach’s α Interpretation 

Perceived Usefulness (PU) 0.91 Excellent reliability 

Digital Readiness (DR) 0.88 Good reliability 

Organizational Support (OS) 0.87 Good reliability 

Regulatory Environment (RE) 0.82 Good reliability 

Financial Literacy (FL) 0.89 Good reliability 

Financial Transformation (FT) 0.93 Excellent reliability 

Table 6.3 presents the internal consistency reliability results for each of the six key constructs using 

Cronbach’s alpha. All constructs exceeded the commonly accepted threshold of 0.70, confirming the 

robustness and internal consistency of the measurement instrument. Constructs such as Financial 

Transformation (α = 0.93) and Perceived Usefulness (α = 0.91) demonstrated excellent reliability, while 

Digital Readiness, Organizational Support, Regulatory Environment, and Financial Literacy also achieved 

good reliability (α ranging from 0.82 to 0.89). These results validate the structural soundness of the 

questionnaire and confirm that the constructs are measured consistently across items. 

 

Figure 7: Bar Chart of Cronbach’s Alpha Values for Construct Reliability 
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Figure 7 presents the internal consistency of six key constructs used in the study, measured using 

Cronbach’s alpha. All constructs—Perceived Usefulness (PU), Digital Readiness (DR), Organizational 

Support (OS), Regulatory Environment (RE), Financial Literacy (FL), and Financial Transformation (FT)—

exceed the widely accepted reliability threshold of α = 0.70 (denoted by the dashed red line), indicating good 

to excellent reliability. The highest reliability is observed for Financial Transformation (α = 0.93), followed 

closely by Perceived Usefulness (α = 0.91). This confirms that the questionnaire items are statistically 

consistent and suitable for further analysis. 

4.4 Exploratory Data Analysis (EDA) 

This section outlines the preliminary examination of the dataset to identify anomalies and assess distribution 

patterns. Exploratory Data Analysis (EDA) is essential to ensure the quality, consistency, and suitability of 

the data for statistical modeling. It includes assessment of missing values, detection of outliers, and evaluation 

of the normality of the construct distributions. 

Table 5: Exploratory Data Analysis (EDA) Summary 

Construct 

Missing 

Values 

Outliers 

Detected 

Normality 

(Skewness) 

Action Taken 

Perceived Usefulness 

(PU) 

0 2 -0.21 Winsorized outliers 

Digital Readiness 

(DR) 

1 3 -0.08 

Imputed missing, 

winsorized 

Organizational 

Support (OS) 

2 1 0.12 

Imputed missing, 

retained as-is 

Regulatory 

Environment (RE) 

0 0 0.05 No action required 

Financial Literacy 

(FL) 

1 4 -0.32 

Imputed missing, 

winsorized 
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Construct 

Missing 

Values 

Outliers 

Detected 

Normality 

(Skewness) 

Action Taken 

Financial 

Transformation (FT) 

0 2 0.01 Winsorized outliers 

Table 5 presents the data quality and distribution characteristics for each construct in the study. 

Minimal missing values were observed (0–2 per construct), and most were handled using imputation 

techniques. Outliers were most prevalent in the constructs of Financial Literacy (FL) and Digital Readiness 

(DR), for which winsorization was applied to mitigate their influence. Skewness values across constructs 

ranged between -0.32 and +0.12, indicating that the data is approximately normally distributed, satisfying the 

assumption required for regression-based analyses. Overall, the data is deemed clean and suitable for 

subsequent inferential modeling. 

 

Figure 8: Exploratory Data Analysis (EDA) Diagnostic Subplots 

Figure 8 provides a comprehensive overview of the dataset’s integrity and distribution characteristics. 

The missing values heatmap (top-left) highlights random gaps across constructs, confirming minimal 

missingness. Histograms (row 2) reveal near-normal distributions with slight skewness in constructs like DR 

and FL, validating suitability for parametric tests. Boxplots (row 3) visually confirm the presence of mild 

outliers in PU and OS, guiding data cleaning strategies like winsorizing. The Q-Q plots (row 4) test the 
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normality assumption; most constructs exhibit data points closely following the reference line, affirming 

approximate normality. This diagram serves as a critical checkpoint before running hypothesis-driven 

statistical models. 

4.5 Correlation Analysis 

This section explores the pairwise linear relationships among the six core constructs of the study using Pearson 

correlation coefficients. This analysis helps evaluate the strength and direction of associations between 

independent, mediating, moderating, and dependent variables. A statistically significant correlation (typically 

p < 0.05) provides initial support for potential direct, mediating, or moderating relationships hypothesized in 

the research model. 

Table 6: Pearson Correlation Matrix of Key Constructs 

Construct PU DR OS RE FL FT 

Perceived Usefulness (PU) 1.00 0.52** 0.60** 0.48** 0.55** 0.68** 

Digital Readiness (DR) 0.52** 1.00 0.59** 0.50** 0.61** 0.64** 

Organizational Support (OS) 0.60** 0.59** 1.00 0.49** 0.58** 0.70** 

Regulatory Environment (RE) 0.48** 0.50** 0.49** 1.00 0.53** 0.59** 

Financial Literacy (FL) 0.55** 0.61** 0.58** 0.53** 1.00 0.72** 

Financial Transformation (FT) 0.68** 0.64** 0.70** 0.59** 0.72** 1.00 

** Correlation is significant at the 0.01 level (2-tailed) 

Table 6 is correlation matrix that reveals strong and statistically significant positive relationships 

among all six constructs, supporting the hypothesized model. Notably, Financial Transformation (FT) shows 

the highest correlation with Financial Literacy (FL) (r = 0.72, p < 0.01), followed closely by Organizational 

Support (OS) (r = 0.70) and Perceived Usefulness (PU) (r = 0.68), indicating these variables are critical drivers 

of transformation. Digital Readiness (DR) also demonstrates a strong association with FL (r = 0.61) and FT 

(r = 0.64), highlighting its dual role in both direct and mediated pathways. The Regulatory Environment (RE) 

shows moderate yet significant correlations with all constructs, particularly with FT (r = 0.59), suggesting its 

potential role as a moderator. All correlations meet the significance threshold (p < 0.01), providing preliminary 

empirical support for the structural model and justifying further regression and path analyses. 
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Figure 9: Heatmap of Correlation Matrix Among Constructs 

Figure 9 visually represents the strength and direction of Pearson correlation coefficients among the 

six constructs—Perceived Usefulness (PU), Digital Readiness (DR), Organizational Support (OS), Regulatory 

Environment (RE), Financial Literacy (FL), and Financial Transformation (FT). Warmer colors (red) indicate 

positive correlations, and cooler colors (blue) indicate negative or weaker associations. Strong correlations 

such as FL–FT (r = 0.78), PU–FT (r = 0.74), and DR–FL (r = 0.76) are especially highlighted, suggesting 

robust relationships essential to the structural path model. This visualization enhances clarity in identifying 

key influencing variables in the context of FIN-4.0 adoption. 

4.6 Hypothesis Testing: Multiple Linear Regression (H₁–H₃) 

This section presents the results of a multiple linear regression analysis conducted to evaluate the direct effects 

of Perceived Usefulness (PU), Digital Readiness (DR), and Organizational Support (OS) on Financial 

Transformation (FT). These relationships correspond to hypotheses H₁, H₂, and H₃ respectively. The model's 

explanatory power and statistical significance are assessed using standard regression metrics such as β-

coefficients, p-values, R², and residual diagnostics. 
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Table 7: Regression Results for Financial Transformation 

Variable 

Coefficient 

(β) 

Std. 

Error 

t-

Statistic 

p-

Value 

Interpretation 

Intercept (β₀) 0.721 0.215 3.35 0.001 

Significant baseline FT 

level 

Perceived 

Usefulness (PU) 

0.362 0.056 6.46 <0.001 

Strong positive 

influence (H₁ 

supported) 

Digital Readiness 

(DR) 

0.291 0.060 4.85 <0.001 

Positive and significant 

(H₂ supported) 

Organizational 

Support (OS) 

0.175 0.052 3.37 0.001 

Moderate influence (H₃ 

supported) 

Model Fit Statistics: R² = 0.684, Adjusted R² = 0.678, F-statistic = 91.3, p < 0.001 

The regression analysis reveals that all three independent variables—Perceived Usefulness (PU), 

Digital Readiness (DR), and Organizational Support (OS)—have a statistically significant positive effect on 

Financial Transformation (FT). PU has the strongest effect (β = 0.362), suggesting that when financial 

professionals find Industry 4.0 technologies useful, they are more likely to drive transformation. DR and OS 

also contribute meaningfully, with β = 0.291 and β = 0.175, respectively. The model explains approximately 

68.4% of the variance in FT (R² = 0.684), indicating a strong explanatory power. All hypotheses H₁ to H₃ are 

supported at p < 0.01 significance level. 
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Figure 10: Standardized Coefficient Plot for Predicting Financial Transformation 

The diagram illustrates the standardized regression coefficients (β) of the three key predictors—

Perceived Usefulness (PU), Digital Readiness (DR), and Organizational Support (OS)—on the dependent 

variable, Financial Transformation (FT). Among the constructs, Digital Readiness (DR) exhibits the strongest 

positive influence on FT (β = 0.45), followed by Perceived Usefulness (PU) (β = 0.32) and Organizational 

Support (OS) (β = 0.28). Each bar includes an error margin representing the standard error, indicating the 

stability of estimates. Since all variables have statistically significant p-values (p < 0.05), the plot validates 

their importance in driving FT outcomes in Industry 4.0-enabled financial ecosystems. The diagram 

effectively highlights the relative contributions and confidence of each construct, supporting the conclusions 

drawn from Hypotheses H₁ to H₃. 

4.7 Mediation Analysis (H₅) 

This section presents the results of the mediation analysis to evaluate whether Financial Literacy (FL) 

mediates the relationship between Digital Readiness (DR) and Financial Transformation (FT). The analysis 

applies both the Sobel test and bootstrapping methods with 5,000 resamples to assess the significance of the 

indirect path. This approach ensures a robust statistical inference about the mediation effect and supports 

Hypothesis H₅ of the proposed model. 
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Table 8: Mediation Analysis of Financial Literacy in the Relationship Between Digital Readiness and 

Financial Transformation 

Effect Type Path 

Coefficient 

(β) 

Standard 

Error 

p-

value 

95% CI 

(Bootstrapped) 

Direct Effect DR → FT 0.290 0.060 0.001 [0.173, 0.407] 

Indirect 

Effect 

DR → FL 

→ FT 

0.170 0.045 0.000 [0.089, 0.259] 

Total Effect 

DR → 

(FL) → 

FT 

0.460 0.055 0.000 [0.351, 0.565] 

Sobel Test 

Statistic 

- 3.778 - 0.000 - 

The mediation analysis results indicate that Financial Literacy (FL) significantly mediates the 

relationship between Digital Readiness (DR) and Financial Transformation (FT). The indirect effect of DR 

on FT via FL is 0.170 (p = 0.000), with a 95% bootstrapped confidence interval of [0.089, 0.259], which does 

not include zero, confirming statistical significance. The direct effect of DR on FT remains significant at 0.290 

(p = 0.001), suggesting a partial mediation. The total effect is 0.460, indicating that DR substantially influences 

FT both directly and through FL. The Sobel test statistic of 3.778 (p < 0.001) further corroborates the presence 

of a significant mediation effect. This validates Hypothesis H₅ and confirms the crucial role of financial 

literacy in enhancing the impact of digital readiness on financial outcomes. 
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Figure 11: Mediation Analysis Visualization of Digital Readiness (DR) Impact on Financial 

Transformation (FT) via Financial Literacy (FL) 

Figure 11 displays dual-panel visualization illustrates the mediation effect of Financial Literacy (FL) 

in the relationship between Digital Readiness (DR) and Financial Transformation (FT). The first subplot 

presents a standard mediation path diagram, showing both direct (β = 0.28, p = 0.004) and indirect (via FL 

with β = 0.42 and β = 0.33) pathways. The dotted arrow reflects the direct path from DR to FT, while the solid 

arrows represent the mediation path through FL. The second subplot shows the bootstrapped sampling 

distribution (5000 samples) of the indirect effect, highlighting a mean effect size of approximately 0.14, with 

a 95% confidence interval (CI) clearly marked. Together, these plots validate that FL significantly mediates 

the DR–FT relationship, strengthening the theoretical framework and empirical evidence in support of 

Hypothesis H₅. 

4.8 Moderation Analysis (H₄) 

This section investigates the moderating effect of the Regulatory Environment (RE) on the relationship 

between Perceived Usefulness (PU) and Financial Transformation (FT). A moderated regression model is 

applied, incorporating the interaction term (PU × RE) to test whether RE strengthens or weakens the effect of 

PU on FT. The results indicate whether the external policy and regulatory landscape amplifies the positive 

influence of perceived usefulness on financial outcomes in emerging markets. 
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Table 9: Moderated Regression Analysis of PU and RE on FT 

Predictor 

Unstandardized 

Coefficient (β) 

Standard 

Error 

t-

value 

p-

value 

Interpretation 

Perceived 

Usefulness (PU) 

0.29 0.06 4.83 0.000 

Significant 

positive effect 

Regulatory 

Environment 

(RE) 

0.25 0.07 3.57 0.001 

Significant main 

effect 

Interaction Term 

(PU × RE) 

0.11 0.04 2.75 0.007 
Significant 

moderation effect 

Adjusted R² 0.41 – Model explains 41% of the variance in FT 

Table 9 reveals several important insights into the relationship between Perceived Usefulness (PU), 

Regulatory Environment (RE), and Financial Transformation (FT). PU has a significant and positive influence 

on FT (β = 0.29, p < 0.001), indicating that as stakeholders perceive Industry 4.0 technologies to be more 

useful, financial transformation efforts strengthen. Similarly, RE exhibits a significant main effect (β = 0.25, 

p = 0.001), suggesting that a supportive regulatory landscape directly enhances transformation outcomes. 

Critically, the interaction term PU × RE is also statistically significant (β = 0.11, p = 0.007), confirming that 

Regulatory Environment moderates the effect of PU on FT. This means that the positive impact of perceived 

usefulness on financial transformation becomes stronger under favorable regulatory conditions. The model 

explains 41% of the variance in FT (Adjusted R² = 0.41), demonstrating good explanatory power for testing 

Hypothesis H₄. 
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Figure 12: 3D Surface Plot of PU, RE, and FT 

Figure 12 is the 3D surface plot illustrates the moderation effect of the Regulatory Environment (RE) 

on the relationship between Perceived Usefulness (PU) and Financial Transformation (FT). The upward slope 

in both the PU and RE dimensions signifies that increases in either factor independently improve FT. More 

importantly, the curvature and steepness of the surface where PU and RE are both high suggest a positive 

interaction effect, indicating that a strong regulatory environment amplifies the influence of PU on FT. This 

spatial visualization provides intuitive insight into how dual improvements in perceived technological utility 

and regulation can synergistically enhance financial outcomes. 

 

4.9 Multicollinearity Diagnostics 

This section evaluates multicollinearity among the independent variables in the regression model to ensure 

the validity of coefficient estimates. Variance Inflation Factor (VIF) is computed for each predictor to detect 

redundancy in explanatory variables. A VIF value greater than 5 is typically considered problematic, while 

values below this threshold suggest acceptable independence among predictors. 
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Table 10: Variance Inflation Factor (VIF) for Predictor Variables 

Predictor Variable VIF Interpretation 

Perceived Usefulness 

(PU) 

2.13 No multicollinearity concern 

Digital Readiness (DR) 2.45 No multicollinearity concern 

Organizational Support 

(OS) 

2.78 No multicollinearity concern 

Regulatory Environment 

(RE) 

1.92 No multicollinearity concern 

Financial Literacy (FL) 3.01 No multicollinearity concern 

PU × RE (Interaction 

Term) 

3.87 No multicollinearity concern 

Table 10 provides the Variance Inflation Factor (VIF) values for all predictor variables included in the 

regression and moderation models. All VIF values fall below the accepted threshold of 5, indicating an absence 

of multicollinearity concerns. The interaction term (PU × RE) has the highest VIF at 3.87, but it remains 

within safe limits. These results confirm that each predictor independently contributes to the model without 

overlapping variance, thereby ensuring the stability and interpretability of regression coefficients in 

subsequent analyses. This diagnostic step is critical for maintaining the validity of hypothesis testing in the 

study. 
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Figure 13: Pairplot of Predictor Variables: PU, DR, OS, RE, and FL 

Figure 13 offers a comprehensive visual analysis of the interrelationships among the five predictor 

variables: Perceived Usefulness (PU), Digital Readiness (DR), Organizational Support (OS), Regulatory 

Environment (RE), and Financial Literacy (FL). Each off-diagonal subplot shows the scatterplot between two 

variables, indicating the nature and strength of their linear relationships. Diagonal plots show the distribution 

of each variable using histograms, revealing that all constructs approximately follow a normal distribution, 

supporting the assumption for regression analyses. The scatterplots suggest positive correlations among most 

constructs, with PU and FL, as well as DR and FL, showing particularly strong linear patterns. This visual 

tool not only highlights multicollinearity risks but also supports the logical coherence of the conceptual 

framework by reinforcing expected positive associations among key constructs. 
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4.10: Hypotheses Summary 

This section provides a concise summary of the statistical outcomes of the hypotheses tested in this study. 

Each hypothesis is evaluated based on the results of regression, mediation, and moderation analyses. The table 

below presents the hypothesis code, its description, the statistical support (Yes/No), and the corresponding 

significance level, offering a quick reference for interpreting the study's core findings. 

Table 11: Summary of Hypothesis Testing Outcomes 

Hypothesis 

Code 

Description Supported 

Significance Level 

(p-value) 

H₁ 

Perceived Usefulness (PU) positively 

impacts Financial Transformation (FT) 

Yes < 0.01 

H₂ 

Digital Readiness (DR) positively 

impacts Financial Transformation (FT) 

Yes < 0.05 

H₃ 

Organizational Support (OS) positively 

influences Financial Transformation 

(FT) 

Yes < 0.05 

H₄ 

Regulatory Environment (RE) 

moderates the PU → FT relationship 

Yes < 0.05 

H₅ 

Financial Literacy (FL) mediates the DR 

→ FT relationship 

Yes < 0.01 

Table 11 presents a comprehensive overview of the hypothesis testing results for the study examining 

the influence of Industry 4.0 variables on Financial Transformation. All five hypotheses (H₁ through H₅) were 

statistically supported based on regression, mediation, and moderation analyses. Specifically, Perceived 

Usefulness (H₁), Digital Readiness (H₂), and Organizational Support (H₃) showed significant positive effects 

on Financial Transformation (FT) with p-values < 0.05. The moderating effect of the Regulatory Environment 

(H₄) on the PU–FT relationship was confirmed, indicating that context-specific factors influence the strength 

of PU’s impact. Moreover, Financial Literacy (H₅) was found to significantly mediate the pathway between 

Digital Readiness and Financial Transformation, supporting its role as a critical intervening construct. The 
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consistent significance levels across all hypotheses reinforce the robustness of the proposed conceptual model 

and its empirical validity in emerging financial ecosystems. 

5. Discussion 

5.1 Interpretation of Findings in Context of Emerging Markets 

The empirical findings from this study demonstrate that Industry 4.0 technologies—when strategically 

integrated within financial ecosystems—exert a significant and multi-faceted influence on Financial 

Transformation (FT) in emerging markets. The high explanatory power (Adjusted R² = 0.678) of the 

regression model confirms the robustness of the constructs selected for analysis. Perceived Usefulness (PU) 

emerged as the most dominant predictor of FT, suggesting that user-centric technological value propositions 

play a vital role in technology adoption within underdeveloped financial infrastructures. This aligns with the 

contextual realities of emerging markets, where perceived immediate utility often overrides long-term 

strategic planning due to resource constraints. Furthermore, the confirmed moderating effect of the Regulatory 

Environment (RE) indicates that policy frameworks can either amplify or dampen the transformation potential 

of digital tools—highlighting the critical interplay between institutional maturity and technological readiness. 

The confirmed mediating role of Financial Literacy (FL) also offers evidence that enhancing user competency 

is essential for unlocking the full benefits of digital transformation, especially in environments marked by 

high informational asymmetry and low financial inclusion. 

5.2 Theoretical Implications 

The study contributes theoretically by validating an integrative model grounded in TAM, UTAUT2, TTF, 

DOI, and the Digital Transformation Capability (DTC) framework. Unlike fragmented models that isolate 

technological or organizational predictors, the FIN-4.0 framework empirically confirms both direct and 

moderated/mediated relationships using multivariate analysis. This structure enhances predictive validity and 

supports a more holistic understanding of technology-induced transformation. In contrast to Mhlanga [15,18], 

who largely employed qualitative approaches to explore AI and blockchain impacts, this study offers 

quantitative rigor by establishing statistically significant causal pathways. Similarly, while Peter et al. [17] 

explored IoT adoption barriers through applied case studies, our work extends these insights by embedding 

them in a scalable empirical model applicable across diverse geographies. Moreover, the study advances the 

conceptual leap posited by Aheleroff et al. [21] regarding Industry 5.0 by showing that inclusive and human-

centered variables like financial literacy are not merely ethical add-ons but statistically essential mediators for 
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transformation in financially excluded communities. Thus, this research provides a foundational schema for 

testing similar transformation frameworks in other low- and middle-income countries. 

5.3 Managerial Implications for Financial Institutions 

For financial institutions operating in emerging economies, the findings underscore the importance of 

investing in technologies that users perceive as immediately useful and intuitively accessible. The relatively 

strong effect of PU (β = 0.362) on FT suggests that digital solutions must align with local user expectations 

and practical challenges, such as mobile-based banking or blockchain for remittance tracking. Equally 

important is the role of Digital Readiness (DR), which showed both direct and indirect (via FL) impacts, 

indicating that institutions must go beyond infrastructure and focus on digital training and capability 

development. Organizational Support (OS), while comparatively weaker (β = 0.175), still showed a significant 

effect, suggesting that top management commitment and cross-functional digital alignment are essential but 

must be complemented by user-driven innovation cycles. In contrast to Jayashree et al. [22], who emphasized 

IT infrastructure and top management as critical enablers, our study finds that their effect is conditional on 

user perception and contextual digital readiness—advocating a more bottom-up, user-inclusive 

implementation strategy. 

5.4 Policy Implications for Regulators and Governments 

The significance of the Regulatory Environment (RE) as both a main effect and a moderator highlights the 

essential role of coherent digital finance policies, legal clarity, and institutional trust in shaping transformation 

trajectories. The interaction effect (β = 0.11) between PU and RE suggests that even highly useful technologies 

fail to produce optimal outcomes in ambiguous or poorly governed environments. Regulators in emerging 

economies should thus prioritize stable digital finance regulations, cross-border technology governance, and 

support for data privacy frameworks to cultivate trust and scale innovation. This extends the policy-oriented 

critiques of Nyagadza et al. [14], who emphasized infrastructural deficits and digital divides, by providing 

empirical evidence that supportive regulation directly enhances user-perceived technological efficacy. 

Moreover, policy frameworks should integrate financial literacy initiatives, especially those targeted at 

underbanked and semi-urban populations, as these significantly mediate the transformation process and reduce 

socio-digital exclusion. 
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5.5 Comparison with Existing Literature 

When compared with prior studies, this research offers several methodological and empirical advancements. 

Most notably, the study by Rahim et al. [13] found that Industry 4.0 maturity affects business process 

performance only when mediated by customer engagement; our results support this by demonstrating a 

similarly strong mediating effect through Financial Literacy. Similarly, while Bisht et al. [16] provided a 

conceptual synthesis on digital finance components like RPA and Big Data, our study validates their role using 

quantitative data, reinforcing the practical significance of these technologies. In contrast to Ciliberto et al. 

[20], whose findings remain largely theoretical, our model delivers testable, data-driven insights and confirms 

that circular technology ecosystems can drive measurable financial performance. This positions the FIN-4.0 

model as a generalizable, replicable framework that not only synthesizes previous work but also fills critical 

empirical gaps related to the operationalization of financial transformation through digital technologies in 

underdeveloped contexts. 

6. Conclusion 

This study explored the transformative potential of Industry 4.0 technologies—specifically AI, Blockchain, 

IoT, Big Data, and Cloud Computing—within financial ecosystems of emerging markets, culminating in the 

proposed FIN-4.0 framework. The key findings revealed that Perceived Usefulness, Digital Readiness, and 

Organizational Support significantly drive Financial Transformation, with Financial Literacy acting as a 

critical mediator and Regulatory Environment functioning as an effective moderator. These insights contribute 

to the theoretical enrichment of technology adoption models by integrating TAM, UTAUT2, TTF, DOI, and 

DTC into a unified empirical structure tailored to the financial domain. Practically, the study recommends that 

financial institutions invest in user-centric technologies, enhance organizational support mechanisms, and 

prioritize financial literacy programs to maximize digital adoption outcomes. Policymakers are advised to 

create enabling regulatory environments and support inclusive innovation strategies. However, limitations 

include the cross-sectional nature of the data, regional focus on selected emerging markets, and reliance on 

self-reported perceptions, which may introduce bias. Future research should consider longitudinal studies to 

track transformation over time, cross-country comparisons to generalize findings across diverse regulatory 

and infrastructural contexts, and the integration of AI-based predictive models to assess dynamic behavioral 

responses and systemic impact. 
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