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Abstract: This paper explores the prospects of green growth transformation and 

entrepreneurial ecosystem development in post-conflict Karabakh, focusing on structural 

drivers, institutional mechanisms, and policy implications. Following the end of armed 

conflict, Karabakh presents a unique case for sustainable reconstruction, where economic 

revitalization can be aligned with environmental sustainability and innovation-led growth. 

The study identifies key drivers such as infrastructure rebuilding, renewable energy 

potential, digital transformation, and international investment flows. It also analyzes 

mechanisms including public-private partnerships, regulatory reforms, and entrepreneurial 

support systems. The research adopts a qualitative and conceptual methodology, drawing on 

secondary data and comparative case studies from other post-conflict regions. The findings 

highlight that green growth strategies can enhance long-term resilience, support inclusive 

development, and position Karabakh as a regional model for sustainable post-conflict 

recovery. Policy implications emphasize the importance of integrated planning, institutional 

capacity-building, and fostering innovation ecosystems. 

Keywords: green growth, post-conflict development, Karabakh, entrepreneurship, 

sustainability, economic reconstruction 

1 Introduction  

Post-conflict regions often face complex challenges related to economic recovery, 

institutional rebuilding, and social cohesion. In recent years, scholars have 

increasingly emphasized the importance of integrating sustainability into post-

conflict reconstruction strategies. The concept of green growth, which promotes 

mailto:rasul.yusibov@unec.edu.az
https://orcid.org/0009-0007-1270-6544
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economic development while ensuring environmental sustainability, has emerged 

as a promising framework in this regard [2]. In the context of Karabakh, a region 

undergoing large-scale reconstruction following decades of conflict, the 

opportunity to embed green growth principles into development strategies is 

particularly significant. 

The literature on post-conflict economic development highlights the role of 

entrepreneurship as a critical driver of recovery, resilience, and poverty reduction 

in fragile environments [1, 3]. Entrepreneurial ecosystems, defined as 

interconnected networks of institutions, policies, and actors that support business 

creation and innovation, are essential for fostering sustainable economic growth [4]. 

In parallel, green entrepreneurship has gained increasing attention as a mechanism 

for aligning economic activity with environmental objectives and facilitating 

sustainable sociotechnical transitions [5]. Together, these approaches provide a 

valuable framework for understanding how post-conflict regions can pursue 

economic revitalization while advancing long-term sustainability goals. 

Despite the growing body of research, there remains a gap in understanding how 

green growth and entrepreneurial ecosystems can be effectively integrated in post-

conflict settings, particularly in the South Caucasus region. This paper addresses 

this gap by focusing on Karabakh as a case study. The rationale for selecting this 

topic lies in the regionôs strategic importance, its untapped renewable energy 

potential, and the ongoing efforts to rebuild infrastructure and institutions. 

Furthermore, Azerbaijanôs national development agenda increasingly emphasizes 

sustainability and innovation, making Karabakh a relevant and timely case for 

analysis. 

The main problem of the research is the lack of a coherent framework for integrating 

green growth principles with entrepreneurial ecosystem development in post-

conflict environments. The research aims to identify the key drivers and 

mechanisms that can facilitate such integration and to derive policy implications for 

sustainable reconstruction. The under-researched nature of Karabakh in academic 

literature further justifies the contribution of this study. This study employs a 

qualitative methodology based on secondary data analysis, including policy reports, 

academic literature, and international case studies. The approach is intentionally 

simple and conceptual, focusing on synthesizing existing knowledge to generate 

insights applicable to Karabakh. The remainder of the paper is structured as follows: 

Section 2 reviews the theoretical foundations of green growth and entrepreneurial 

ecosystems; Section 3 analyzes the drivers and mechanisms in the context of 

Karabakh; and Section 4 discusses policy implications. 
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2 Materials and Methods 

This study adopts a qualitative, conceptual, and exploratory research design aimed 

at understanding the dynamics of green growth transformation and entrepreneurial 

ecosystem development in post-conflict Karabakh. Given the early stage of 

reconstruction and the limited availability of primary empirical data, the research 

relies on secondary data sources and comparative analytical methods. The materials 

used in this research include policy documents from the Government of Azerbaijan, 

international organization reports (World Bank, OECD, UNDP), academic journal 

articles on post-conflict reconstruction and green growth, and case studies from 

comparable regions such as Rwanda, Bosnia and Herzegovina, and Kosovo. These 

cases were selected due to their relevance in demonstrating how post-conflict 

economies can integrate sustainability and entrepreneurship into recovery 

strategies. The methodology is intentionally simple and structured around three 

main components. First, a systematic literature review was conducted to identify 

theoretical frameworks related to green growth, entrepreneurial ecosystems, and 

post-conflict development. Second, a comparative analysis approach was applied to 

extract transferable lessons from international cases. Third, a conceptual synthesis 

was developed to adapt these insights to the Karabakh context. To operationalize 

the analysis, the study identifies key variables such as infrastructure development, 

renewable energy capacity, institutional quality, access to finance, and human 

capital [11, 12, 15] 

A conceptual model is proposed to explain the interaction between these elements. 

The model consists of three interconnected layers: (1) Structural Drivers 

(infrastructure, natural resources, policy environment), (2) Enabling Mechanisms 

(institutions, financial systems, innovation platforms), and (3) Outcomes (green 

entrepreneurship, sustainable growth, regional competitiveness). The model 

assumes a feedback loop, where successful entrepreneurial activities reinforce 

institutional development and attract further investment. 

3 Drivers and Mechanisms of Green Growth in 

Karabakh 

The transformation of Karabakh into a sustainable and innovation-driven economic 

zone depends on a combination of structural drivers and enabling mechanisms. One 

of the most significant drivers is the large-scale reconstruction of infrastructure. The 

rebuilding of transport networks, smart cities, and digital infrastructure creates a 

foundation for modern economic activity and supports the integration of green 

technologies. 
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Another critical driver is the regionôs substantial renewable energy potential, 

particularly in solar, wind, and hydropower. The concept of ñgreen energy zones,ò 

already promoted by the Azerbaijani government, positions Karabakh as a hub for 

clean energy production. This creates opportunities for green entrepreneurship in 

areas such as energy services, sustainable agriculture, and eco-tourism. The 

effective management of natural resources and renewable energy assets is 

increasingly recognized as an important component of sustainable development and 

long-term economic transformation [6]. 

Human capital development also plays a crucial role. The return of displaced 

populations and the attraction of skilled professionals can contribute to the creation 

of a dynamic entrepreneurial ecosystem. Education and training programs focused 

on sustainability and innovation are essential in this regard, as human capital 

remains a key determinant of economic diversification, entrepreneurship, and 

sustainable regional development [6]. 

 

Graph 1. 

Comparative Renewable Energy Potential (Karabakh) 

Source: State Statistical Committee of Azerbaijan, 2024 
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In terms of mechanisms, institutional frameworks are central. Effective governance, 

transparent regulations, and investment-friendly policies are necessary to attract 

both domestic and foreign investors. Public-private partnerships (PPPs) can 

facilitate large-scale infrastructure and energy projects, while also supporting small 

and medium-sized enterprises (SMEs). Access to finance is another key mechanism. 

The establishment of green finance instruments, such as green bonds and 

sustainability funds, can provide capital for environmentally friendly projects. 

International financial institutions can also play a role by offering technical 

assistance and funding. Innovation platforms, including technology parks and 

startup incubators, are essential for fostering entrepreneurship.  The interaction 

between these drivers and mechanisms creates a virtuous cycle. For example, 

improved infrastructure attracts investment, which in turn supports entrepreneurial 

activity, leading to economic growth and further development. 

4 Conceptual Model of Green Entrepreneurial 

Ecosystem in Post-Conflict Karabakh  

The figure illustrates three ascending curves: (i) Structural Drivers (INF, REN), (ii) 

Enabling Mechanisms (INST, FIN, INN), and (iii) Outcomes (Green Startups, 

Investment, Competitiveness). The model shows that while infrastructure and 

energy investments rise first, institutional and financial mechanisms accelerate 

growth in the mid-phase, leading to exponential outcomes in later stages. The 

proposed model conceptualizes Karabakhôs transformation as a multi-layered 

system. At the base level, structural drivers provide the necessary conditions for 

development. These include physical infrastructure, natural resource endowments, 

and macroeconomic stability. The second layer consists of enabling mechanisms, 

which translate these conditions into actionable opportunities. Institutions, financial 

systems, and innovation networks play a mediating role by facilitating interactions 

between stakeholders. 
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X-axis: Time (Reconstruction Ÿ Expansion Ÿ Maturity) 

Y-axis: Ecosystem Performance (Index Score: 0ï100) 

Figure 1. 

Integrated Green Entrepreneurial Ecosystem Model 

Source: Authorôs conceptualization based on OECD (2011) and Isenberg (2010). 

The third layer represents outcomes, including the emergence of green startups, 

increased investment in sustainable industries, and enhanced regional 

competitiveness. These outcomes contribute to long-term resilience and inclusive 

growth. A key feature of the model is its dynamic nature. Feedback loops ensure 

that successful outcomes reinforce the underlying drivers and mechanisms. For 

instance, the success of green enterprises can lead to policy improvements, 

increased investor confidence, and further infrastructure development.  

5 Quantitative Application Model for Green Growthï

Entrepreneurship Nexus 

The scatter plot demonstrates a positive linear relationship between ecosystem 

readiness and investment prioritization. Projects located in the upper-right quadrant 

(GEEI > 70, GIPS > 70) represent high-impact, investment-ready initiatives suitable 

for fast-track funding. Lower-left quadrant projects require institutional 

strengthening and capacity-building interventions. 

GEEI = w1ĀINF + w2ĀREN + w3ĀINST + w4ĀFIN + w5ĀHC + w6ĀINN 



 12 

 
GEEI Score vs Green Investment Priority (GIPS) 

X-axis: GEEI Score (0ï100) 

Y-axis: GIPS (0ï100) 

Figure 2.  

GEEI vs Green Investment Priority (GIPS) 

Source: Authorôs calculation model. 

To complement the conceptual framework, this study proposes a simple composite 

index model to operationalize and compare green entrepreneurial ecosystem 

readiness in post-conflict Karabakh. The Green Entrepreneurial Ecosystem Index 

(GEEI) is defined as: 

GEEI = w1ĀINF + w2ĀREN + w3ĀINST + w4ĀFIN + w5ĀHC + w6ĀINN 

where: INF (infrastructure quality), REN (renewable energy capacity/utilization), 

INST (institutional quality), FIN (access to finance), HC (human capital), and INN 

(innovation capacity). Weights (w1ïw6) sum to 1 and can be set equally (1/6) for 

simplicity or adjusted via expert scoring (Delphi-lite). Each component is 

normalized on a 0ï100 scale using minïmax normalization based on regional 

benchmarks. 

For policy application, a Green Investment Priority Score (GIPS) is derived: 

 

GIPS = 0.5ĀGEEI + 0.5Ā (Policy Readiness Score, PRS) 

PRS aggregates regulatory clarity, PPP frameworks, and incentives for green 

sectors. Projects/municipalities with higher GIPS receive priority in funding 

allocation. Sensitivity checks can be performed by varying weights Ñ10%. This 

parsimonious model enables rapid diagnostics and comparability without complex 

econometrics. The GEEIïGIPS framework is intended as a practical tool for 

assessing the readiness of post-conflict regions to support green entrepreneurial 
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development. The six dimensions included in the modelðInfrastructure (INF), 

Renewable Energy Capacity (REN), Institutional Quality (INST), Access to 

Finance (FIN), Human Capital (HC), and Innovation Capacity (INN)ðcapture the 

key factors commonly identified in the entrepreneurship ecosystem and sustainable 

development literature. 

Each variable reflects a distinct aspect of ecosystem performance. Infrastructure and 

renewable energy provide the physical foundation for economic activity, while 

institutions and finance create enabling conditions for investment and business 

formation. Human capital and innovation capacity determine the ability of the 

region to generate knowledge, adopt new technologies, and sustain entrepreneurial 

growth. Standardizing indicators on a 0ï100 scale enables comparison across 

projects, sectors, and municipalities. The practical value of the model lies in its 

ability to support investment prioritization. For example, a municipality with strong 

renewable energy resources but weak innovation capacity may require targeted 

support for business incubators and skills development, whereas areas with stronger 

institutional readiness may be better positioned to attract private investment. By 

combining ecosystem readiness (GEEI) with policy readiness (PRS), the GIPS 

indicator helps identify projects that can generate the greatest economic and 

sustainability impact under limited reconstruction resources. 

Consequently, the framework serves as a decision-support mechanism for 

governments, development agencies, and investors by facilitating evidence-based 

allocation of resources and monitoring progress toward sustainable post-conflict 

recovery. 

6 Case-Based Validation and Eligibility Criteria  

The radar chart compares post-conflict performance across selected cases. Rwanda 

shows strong institutional and innovation capacity, Bosnia demonstrates strength in 

finance and infrastructure due to donor support, while Kosovo exhibits higher 

human capital and entrepreneurial dynamism. This visualization supports the 

adaptability of the GEEI model across contexts. 
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Figure 3. 

Comparative Case Performance Radar Chart (Rwanda, Bosnia, Kosovo) 

Axes: INF, REN, INST, FIN, HC, INN 

Source: Adapted from World Bank (2013) and OECD datasets. 

Comparative cases inform parameter selection and eligibility thresholds. In 

Rwanda, post-conflict recovery integrated green city planning (Kigali), where 

strong institutions (INST) and innovation platforms (INN) lifted SME participation 

in green services. Bosnia and Herzegovina illustrates the role of donor-backed 

finance (FIN) and PPPs in renewable micro-hydro projects, improving REN and 

INF. Kosovo demonstrates diaspora-driven entrepreneurship (HC, FIN) and 

regulatory simplification (INST) as catalysts for startup formation. Eligibility for 

applying the GEEI/GIPS model in Karabakh requires: (i) minimum baseline data 

availability for all six indicators; (ii) existence of a designated green policy 

framework (e.g., ñgreen energy zonesò); (iii) operational PPP or investment 

facilitation mechanisms; and (iv) stakeholder coordination platforms (incubators, 

agencies). Projects qualify for prioritization if GIPS Ó 60, with strategic projects 

(Ó75) fast-tracked for blended finance instruments (green bonds, IFI co-financing) 

[14, 15] 

7 Discussion  

The integration of green growth and entrepreneurial ecosystem development in 

post-conflict settings has been increasingly recognized as a pathway to resilient and 

inclusive recovery. Prior studies emphasize that rebuilding alone is insufficient; the 

quality and direction of reconstruction determine long-term economic, social, and 

environmental outcomes [2, 5]. In this context, the development of renewable 

energy infrastructure and the promotion of sustainable economic activities can 
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support both economic diversification and environmental sustainability. 

Azerbaijanôs growing focus on renewable energy development, particularly through 

the establishment of green energy zones, reflects this strategic approach and 

provides a foundation for green entrepreneurship and innovation-driven growth in 

Karabakh [7, 10, 11, 12]. This paper advances that debate by operationalizing a 

dual-layer approach that combines structural drivers with enabling mechanisms and 

introduces a pragmatic index (GEEI) to guide allocation decisions. Evidence from 

Rwanda, Bosnia and Herzegovina, and Kosovo suggests that sequencing matters. 

Institutional stabilization (INST) and regulatory clarity often precede successful 

mobilization of finance (FIN) and innovation (INN). Br¿ck et al. (2013) highlight 

that entrepreneurship in conflict-affected contexts is highly sensitive to uncertainty; 

therefore, predictable policy environments reduce risk premiums and unlock private 

investment. In Rwanda, coordinated urban planning and green infrastructure 

investments created demand for green SMEs, demonstrating a demand-pull 

dynamic consistent with OECD (2011) green growth principles. Similarly, Bosniaôs 

reliance on donor finance underscores the catalytic role of blended finance in 

environments with shallow capital markets, aligning with findings on green finance 

effectiveness in transitional economies. 

The proposed GEEI/GIPS framework contributes methodologically by offering a 

transparent and adaptable tool for policymakers who often lack granular data or 

advanced modeling capacity in early reconstruction phases. Unlike complex CGE 

or DSGE models, the composite index approach allows for rapid iteration, 

stakeholder engagement, and scenario testing. This aligns with Isenbergôs (2010) 

emphasis on ecosystem orchestration rather than isolated policy instruments. By 

incorporating feedback loops, where improved outcomes reinforce institutions and 

attract further capital, the model captures the dynamic nature of ecosystem 

evolution highlighted in the entrepreneurship literature.  

For Karabakh, the salience of renewable energy (REN) as a driver is particularly 

pronounced due to the regionôs substantial solar, wind, and hydropower potential, 

as well as the governmentôs strategic commitment to developing green energy 

zones [8, 9]. This creates a unique opportunity to leapfrog carbon-intensive 

development paths and embed sustainability from the outset, echoing Gibbs and 

OôNeillôs argument on the transformative potential of green entrepreneurship [5]. 

Recent assessments further suggest that Karabakh can become a regional hub for 

renewable energy production and green investment, strengthening its long-term 

economic competitiveness [10, 11, 12]. 

Moreover, the return of displaced populations can expand human capital (HC) and 

social networks, which, when coupled with digital platforms, can accelerate 

knowledge diffusion and firm creation. From a scientific perspective, the paper 

contributes by bridging two literatures that are often treated separately: post-conflict 

reconstruction and green entrepreneurial ecosystems. It provides a testable 
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framework that can be applied comparatively across regions, enabling cumulative 

knowledge building. Practically, it offers a decision-support tool for prioritizing 

investments and coordinating actors in resource-constrained settings [13, 14, 15] 

Despite its practical value, the GEEIïGIPS framework has several limitations. The 

model relies on indicator selection and weighting procedures that may introduce 

subjective judgments. Furthermore, data availability in post-conflict regions is often 

constrained, potentially affecting measurement accuracy. Future research could 

apply expert-based weighting methods, such as Delphi or Analytic Hierarchy 

Process (AHP), and test the framework using longitudinal data to improve 

robustness and predictive validity. 

 

Conclusions 

This study demonstrates that integrating green growth principles with 

entrepreneurial ecosystem development offers a viable and strategic pathway for 

post-conflict reconstruction in Karabakh. By leveraging its substantial renewable 

energy potential, particularly in solar and hydropower, the region can transition 

toward a sustainable and innovation-driven economic model. The proposed 

conceptual and quantitative frameworks, including the GEEI and GIPS models, 

provide practical tools for policymakers to prioritize investments, strengthen 

institutional capacity, and support green entrepreneurship. The findings highlight 

that successful transformation depends on the alignment of structural drivers with 

enabling mechanisms such as effective governance, access to finance, and 

innovation platforms. Comparative case analysis further confirms that coordinated 

policies and targeted interventions can accelerate recovery and enhance long-term 

resilience. Overall, this research contributes to both theory and practice by bridging 

post-conflict development and green economy approaches. It underscores 

Karabakhôs potential to emerge as a regional model for sustainable reconstruction 

and inclusive economic growth in the South Caucasus. 
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Abstract: While business growth during periods of economic prosperity is well-documented, 

the ability of firms to expand during market contractions remains a compelling area of 

strategic inquiry. Conventional wisdom suggests that favorable market conditions facilitate 

growth; however, certain organizations demonstrate remarkable resilience by thriving 

during recessions. This success necessitates a robust corporate mindset and the pre-emptive 

implementation of contingency strategies. The Covid-19 pandemic served as a critical stress 

test for such strategic resilience. This study employs Thematic Analysis (TA) on a qualitative 

dataset of 75 global brands, curated from premier financial media outlets including The Wall 

Street Journal, Bloomberg, and Yahoo Finance. A primary finding of this research indicates 

that economic downturns, despite their inherent risks, can create unique opportunities for 

business development and expansion. By mapping sector-specific case studies, this paper 

illustrates how rapid growth was achieved amidst global volatility. These findings provide 

significant insights for business practitioners and scholars analyzing the evolution of 

contemporary firm-level growth models. 
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1 Introduction  

Successful and sustainable business growth reflects effective management across 

all areas. A managerôs primary goal is to sustain growth and use internal resources 

efficiently to maximize profits. However, the global economy is volatile and subject 

to fluctuations. For example, the recent Covid-19 outbreak highlighted the need for 

entrepreneurs to be prepared for disruptions from governments, households, 

financial systems, political establishments, and other sources. Recessions can also 

create opportunities for companies to grow and pursue new possibilities [1]. 

Additionally, some companies have an internal corporate culture that enables them 

to withstand recessions and grow even during periods of crisis [2]. 

Although growth during a recession is well documented and analyzed, there is still 

no consensus on its main determinants. Some scholars argue that it depends on a 

corporationôs internal resources, while others contend that it relies on domestic 

market size or government support. Each perspective may be correct depending on 

the firmôs timing, location, and primary target market. Thus, fundamental questions 

remain unanswered: which determinant is relatively more important for companies 

to grow during recession periods? This paper seeks to clarify this issue using 

secondary data from high-quality investigative journalism. 

The main research aim of this paper is to investigate the strategic drivers and 

organizational capabilities that enable diverse firms in hospitality, retail, and food 

and beverage (F&B) to survive and achieve growth during periods of major 

economic volatility, such as the 2008 Financial Crisis and the Covid-19 pandemic. 

The research objectives include identifying the specific value propositions (such as 

cost-saving, income generation, and convenience) that resonate with consumers 

during economic downturns; analyzing the role of digital infrastructure and lean 

operational models in enabling rapid adaptation to exogenous shocks; and 

examining how shifts in consumer psychology (such as staycations, bargain 

consciousness, and do-it-yourself trends) serve as catalysts for corporate expansion. 

A qualitative multiple-case study approach enables cross-sector comparisons, such 

as comparing a tech platform like Airbnb with a brick-and-mortar giant like Aldi. 

The data source for this paper is secondary analysis of the provided qualitative 

transcripts, including chief executive officer (CEO) statements, financial reporter 

insights, and narrative accounts of corporate history. This research contributes to 

the Strategic Management and Crisis Management literature in three ways: 

¶ Challenging the ñRetrenchmentò Norm: Much of the existing literature 

focuses on how companies cut costs to survive. This study provides 

evidence of proactive growth strategies, showing that aggressive 

expansion, such as Aldi and Cavaôs store openings, can be a viable crisis 

response. 

¶ Digital Readiness as a Determinant of Resilience: It reinforces the 

ñDynamic Capabilitiesò theory by illustrating how pre-existing digital 
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investments by companies like Chipotle, Nike, and Target determine a 

firmôs ability to pivot when physical channels close. 

¶ The ñDual-Benefitò Platform Model: It expands the understanding of 

platform economics, as seen with Airbnb, by showing how a crisis can 

simultaneously address supply-side issues (people needing to earn money) 

and demand-side issues (people needing cheaper travel). 

The paper is structured as follows: the second section provides a brief literature 

review on business growth during recessions using the resource-based view (RBV) 

framework. The third section describes the data and methodology. The fourth 

section presents qualitative evidence and TA results. The final section concludes. 

2 Literature review 

The question of why some firms sustain or even enhance growth during economic 

downturns has attracted increasing scholarly attention since the global crises. RBV 

offers a compelling theoretical framework to explain heterogeneity in firm 

performance. While macroeconomic conditions and microeconomic realities may 

vary, certain organizations remain resilient. Building on the foundational works of 

Birger Wernerfelt [3] and Jay Barney [4], the RBV posits that firms achieve 

sustained competitive advantage through resources that are valuable, rare, 

inimitable, and non-substitutable (VRIN). In recessionary contexts, these 

characteristics become even more critical, as external market conditions deteriorate 

and firms rely more on internal strengths to maintain performance. 

Within the RBV framework, sustainable growth depends not only on market 

expansion but fundamentally on a firmôs ability to leverage its unique resource 

combinations. Barney argues that resources marked by causal ambiguity, path 

dependency, or social complexityðqualities that make them difficult to replicate 

ðprovide a lasting foundation for competitive advantage [4]. These isolating 

mechanisms protect firms from increased price competition and declining demand 

during economic recessions. Thus, sustainable growth during downturns can be 

understood as capability-driven growth, where firms expand or maintain 

performance by capitalizing on internal competencies rather than relying on 

favorable external demand. 

Subsequent developments in the RBV have emphasized the importance of dynamic 

capabilities, defined primarily as a firmôs ability to integrate, build, and reconfigure 

internal and external resources in response to environmental changes [5]. This 

perspective is especially relevant in recessionary environments. Firms that can 

rapidly reallocate resources, adapt business models, and identify emerging 

opportunities are better positioned to sustain growth. Empirical studies confirm that 
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opportunity recognition, improvisation, and strategic flexibility significantly 

enhance firm performance during economic crises [6]. 

A key insight from the RBV literature is the superior resilience of intangible assets 

during downturns. Resources such as brand equity, organizational culture, customer 

trust, and proprietary knowledge are less susceptible to depreciation than physical 

assets and are often deeply embedded in organizational routines. These 

characteristics make them especially valuable in recessionary periods. For example, 

strong brands reduce customer uncertainty and help maintain demand, while 

organizational routines support efficient cost management and innovation under 

constraints. 

Intangible resources are also often characterized by high levels of causal ambiguity 

and social complexity, making them difficult for competitors to replicate [7, 8]. This 

allows firms with such assets to sustain differentiation even in highly competitive 

and contracting markets [9]. Thus, once growth strategies anchored in intangible 

resourcesðsuch as brand extension, digital transformation, and customer 

relationship managementðbecome part of the corporate culture, they are more 

likely to remain viable during recessions [10]. 

Another important dimension of the RBV is the role of organizational slack, defined 

as excess resources that can be deployed at managerial discretion [11]. Slack 

resources provide firms with a buffer against environmental shocks and enable 

counter-cyclical investment strategies. These resources primarily include continued 

spending on research and development, marketing, and strategic acquisitions during 

downturns. This demonstrates that while many firms reduce investment in response 

to declining revenues, those with sufficient slack can take advantage of lower input 

costs and reduced competition to strengthen their strategic position [12]. Therefore, 

this may help explain why private, global, and well-recognized firms continue to 

grow even during recessions. 

Empirical evidence suggests that firms that maintain or increase investment during 

recessions often achieve superior long-term performance [13]. From an RBV 

perspective, these investments enhance the firmôs resource base and capabilities, 

reinforcing its VRIN attributes. Consequently, sustainable growth during recessions 

is closely linked to financial resilience and the strategic use of slack resources. 

Recent literature integrating RBV with organizational learning theory highlights the 

importance of balancing exploration and exploitation [14]. Exploration involves 

experimentation and innovation, while exploitation focuses on efficiency and 

refinement of existing capabilities. Studies indicate an inverted U-shaped 

relationship between exploration and performance, suggesting that excessive focus 

on either dimension can be detrimental. During recessions, firms must carefully 

calibrate this balance: excessive exploration may strain limited resources, while 

excessive exploitation may hinder adaptation to changing market conditions [15]. 
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Thus, sustainable growth emerges from a hybrid strategy that leverages existing 

capabilities while selectively investing in innovation [16]. This balance allows firms 

to maintain operational efficiency while positioning themselves for post-recession 

opportunities. RBV also provides insights into the role of market diversification in 

sustaining growth during downturns. Firms with capabilities that enable entry into 

multiple marketsðparticularly international marketsðcan mitigate the impact of 

localized demand shocks [15]. Export-oriented firms, for example, benefit from 

diversified revenue streams and can reallocate resources toward more resilient 

markets [16]. Similarly, firms with modular capabilities and scalable business 

models can adapt more easily to shifting demand patterns. 

This perspective underscores that diversification is not inherently beneficial; rather, 

its effectiveness depends on the underlying resource base. Only firms possessing 

transferable and adaptable capabilities can successfully leverage diversification as 

a growth strategy during recessions. Real-world examples in the literature further 

illustrate the RBV argument. For instance, Apple Inc. sustained growth during the 

2008ï2009 financial crisis by leveraging its ecosystem of integrated products and 

services [17]. Strong brand equity and design capabilities were also part of this 

strategy [17]. These resources, deeply embedded and difficult to imitate, allowed 

the firm to maintain differentiation and expand its market presence despite declining 

consumer spending. 

Similarly, Amazon demonstrated resilience through its logistics infrastructure, data 

analytics capabilities, and diversification into cloud computing (AWS). These 

capabilities enabled the firm to capture increased demand for online services during 

both the global financial crisis and the Covid-19 recession [18]. In the 

manufacturing sector, Toyota Motor Corporation relied on its lean production 

system and continuous improvement culture to enhance efficiency and recover 

quickly from downturns [19]. This aligns with Lesterôs ñTwo Hatsò approach, 

where internal corporate culture is one of the resources for growth during recessions 

[2]. Meanwhile, Netflix leveraged its data-driven content strategy and 

recommendation algorithms to expand its subscriber base during periods of 

economic uncertainty [20]. 

In sum, the RBV framework suggests that sustainable firm-level growth during 

recessions is fundamentally driven by resources and capabilities. Firms that possess 

VRIN resources, develop dynamic capabilities, leverage intangible assets, maintain 

organizational slack, and balance exploration with exploitation are more likely to 

sustain and even enhance growth under adverse economic conditions. Rather than 

relying on external market recovery, such firms capitalize on their internal strengths 

to navigate uncertainty and build long-term competitive advantage. Management 

sciences need to focus on these aspects of commercial firms by using innovative 

datasets and maintaining an up-to-date and practical focus. 
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3 Methodology 

Analysis of growth during recession periods requires an in-depth qualitative 

approach based on specific case studies. Therefore, we analyzed 75 video transcripts 

from major outlets such as The Wall Street Journal, Bloomberg, CNBC, and Yahoo 

Finance. To ensure accuracy, we manually refined the automated transcripts by 

correcting errors and removing filler words, following standard qualitative research 

practices [21, 22]. 

We primarily drew from The Wall Street Journalôs ñEconomics ofò series, 

supplemented by other leading financial outlets, to study global brands with 

transparent managerial practices. Our selection focused on high-quality, recent 

English-language contentðtypically 10 to 15 minutes longðfrom channels with 

strong editorial reputations. These videos provided deep insights through CEO 

interviews, field reports, and investigative documentaries, allowing us to synthesize 

expert perspectives on how these companies operate globally. 

Our main research method was qualitative coding. We followed Rogersôs 

instructions to refine the large dataset and focus on our research question [23]. We 

then analyzed 27 excerpts under the code ñGrowth during the recession.ò For this 

analysis, we used Quirkos software version 3.0.0. The specific companies included 

Airbnb, Aldi, Cava, Chipotle, Crocs, Costco, Dollar General, Dunkinô Donuts, Girl 

Scouts, Home Depot, Juul, Nike, T.J. Maxx, and Target. During the analysis, we 

also used structured reflective writing to achieve critical assessments of the data. 

4 Results 

Our first result is that the dataset reveals ñanti-fragileò firms not only survive 

recessions but also exploit them. By leveraging internal resourcesðranging from 

digital infrastructure to low-cost operational modelsðthese companies capitalized 

on shifts in consumer psychology. In fact, VRIN criteria are easily identified in their 

sources of sustained competitive advantage. Figure 1 summarizes our main findings 

graphically. 

4.1 Firms that used operational agility and cost leadership 

Operational agility and cost leadership was one of the most dominant elements in 

this direction of the dataset. Such firms utilize ñLeanò resources to provide value 

when consumer wallets are ñdrained.ò The core resource of Aldi & T.J. Maxx was 

a low-cost supply chain and no-frills model. This is Valuable because it exploits the 

opportunity of ñbargain-consciousò consumers. It is Inimitable due to years of 
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building specific vendor relationships and lean logistics that competitors with high 

overhead cannot easily replicate. 

On the other hand, Dollar General had a ñSmall Footprintò in real estate strategy. 

By avoiding ñbells and whistles,ò they can expand ñquickly and cheaplyò (opening 

1,000 stores/year). This resource is Non-substitutable for rural or low-income 

shoppers who need immediate, local access without the ñbig boxò price tag. Lastly, 

Costco leveraged a membership-based scale. This provided a Valuable safety net 

during the pandemic, as consumers sought bulk reliability. 

 

Figure 1 

Main pathways for ñanti-fragileò firms to grow during a recession 

4.2.  Digital Infrastructure as a ñVò & ñRò Resource 

The pandemic proved that pre-existing digital resources were the ultimate 

differentiator. Firms that paid attention to this aspect of their business, not only 

survived the pandemic or the crisis period, but actually grew. 

Chipotle initiated ñDigital Ordering Platformò which is a Rare resource because it 

was ñscaled beforehand.ò While others scrambled to build apps, Chipotleôs sales 
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soared from 18% to 70%. This infrastructure is Inimitable in the short term due to 

the high capital and time required to integrate digital flow into a fast-casual kitchen. 

Target benefited from being an ñEssential Retailerò with a middle-to-high income 

customer base. Their ability to stay open while others closed was a Valuable 

temporary monopoly that led to an all-time stock high. 

Girl Scouts & Nike both moved toward Digital/D2C (Direct-to-Consumer) 

channels. Nikeôs strategy of ñcutting ties with retailersò to control its own 

distribution is a Rare resource that enhances brand equity and margins. 

4.3.  The Role of the Multi-Sided Network and Importance of 

the Supply-Side Elasticity 

Airbnb was an interesting case study where their most Valuable and Rare resource 

is the Host Network. Unlike hotels (which have fixed costs), Airbnbôs supply 

increases during recessions because people ñlook for a way to make an extra buckò 

to save their homes. This makes their model Non-substitutableðthey are the only 

travel firm where the ñworkforceò pays to be on the platform to survive a crisis. 

4.4.  Innovation and ñNew Day Partò Creation 

Dunkinô Donut used product innovation (Cold Drinks/TikTok trends) to create a 

ñnew day part.ò By pivoting to afternoon sales when breakfast was ñhit,ò they turned 

a temporary threat into a Valuable new revenue stream. On the other hand, Home 

Depot exploited the ñRemodeling Boomò resourceðessentially the shift in 

consumer time-wealth. As people spent more time at home, Home Depotôs 

specialized inventory became a Non-substitutable resource for DIY projects. 

4.5.  Co-occurrence Analysis 

The co-occurrence analysis reveals a narrative focused on strategic resilience, with 

a positive outlook and the Covid-19 context serving as the main anchors for 

discussions of growth during economic downturns in our dataset (see Figure 2). 

This indicates that the dataset highlights mindset and environmental adaptation as 

the most critical factors for organizational success. At the operational level, digital 

transformation and changing consumer behavior emerge as the most significant 

tactical levers, showing that brand growth was largely driven by technological 

pivots and close attention to evolving market demands. These core drivers are 

reinforced by CEO-led narratives and the pursuit of financial opportunities. Market 

expansion and niche targeting complete a comprehensive approach to maintaining 

competitive differentiation as granular tactics. Overall, the results illustrate a multi-
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layered strategy that links high-level optimism with practical, technology-driven 

shifts to navigate the complexities of modern consumer relationships. 

 

Figure 2 

Co-occurrence analysis of the qualitative code ñgrowth during a recessionò 

The word cloud is anchored by the term pandemic (see Figure 3), indicating that the 

pandemic is the most prominent theme for growth and serves as the primary context 

for the entire dataset. Significant emphasis is placed on specific corporate entities, 

most notably Airbnb, as well as others such as Aldi, Chipotle, and Dunkinô, showing 

that the analysis focuses on how these diverse brands navigated a period of crisis. 

Within this mediated context, specific brands (Airbnb, Chipotle, Aldi, Dunkinô) are 

consistently associated with adaptive mechanisms such as digital platforms and 

growth strategies. The data show a clear narrative trajectory: the media portrayed 

these entities not as victims of the downturn but as case studies in using digital 

platforms to sustain sales and drive growth during the pandemic. This framework 

illustrates how journalistic narratives combined the crisis and corporate agility into 

a cohesive economic story. 

The datasetôs overarching context is defined by terms such as pandemic, economic, 

and downturn. These elements represent the systemic shock that required immediate 

operational changes across all observed sectors. Moreover, business-centric terms 

such as growth, money, sales, and digital suggest a strong focus on financial 

outcomes and the technological pivots needed to maintain momentum in a shifting 
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landscape. The recurring presence of WSJ, reporter, and narrator implies that these 

insights were drawn from journalistic reporting or case studies examining economic 

resilience. Unexpected and dense keywords emerged, primarily focused on crisis-

related terms (pandemic, downturn) and optimization terms (digital, platform, 

growth, sales). In the context of the hospitality and food-service brands analyzed 

(e.g., restaurants, Dunkinô), this intersection highlights a specific media consensus: 

the pandemic was framed not only as an operational halt but also as a direct catalyst 

for digital transformation. The frequent convergence of time, money, and platform 

suggests that media outlets critically evaluated these companies based on the speed 

and effectiveness of their digital pivots during the economic crisis. Overall, the 

results highlight a narrative of organizational adaptation and market dynamics 

during a major global economic downturn. 

 

Figure 3 

Wordcloud analysis of the qualitative code ñgrowth during a recessionò 

4.6.  Cross-referencing with Empirical Corporate Data 

During the Q3 2020 earnings call, Dunkinô leadership highlighted their ñBlueprint 

for Growthò strategy and noted that digital sales accounted for more than 21% of 

total sales [24]. The company also reported that the COVID-19 pandemic 

significantly accelerated its digital transformation initiatives [24]. The earnings 

release confirmed positive comparable store sales for Dunkinô U.S., demonstrating 

operational resilience [24]. 

Airbnb went public in late 2020, making its 2021 shareholder letters essential for 

analyzing the companyôs financial narrative compared to media coverage. The Q2 

2021 letter states that its business model was ñinherently adaptable,ò enabling the 
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company to pivot toward new guest behaviors such as remote work and long-term 

stays (defined as stays of at least 28 nights) [25, 26]. The Q4 2021 letter reported a 

38% revenue increase compared to the same period in 2019, attributing this growth 

to higher average daily rates and continued expense discipline [25, 26]. 

Similarly, Chipotleôs financial disclosures highlight digital sales as a key driver of 

operational survival and growth during the pandemic [27, 28]. In Q1 2021, the 

company reported that digital sales accounted for 50% of total sales, largely due to 

the expansion of ñChipotlanesò (mobile order-ahead drive-thrus) [27, 28]. By the 

end of the year, the Full Year 2021 results showed that digital sales increased by 

24.7% year-over-year to $3.4 billion, representing 45.6% of all sales for the year 

[27, 28]. 

 

Conclusions 

We compiled one of the rarest qualitative datasets in the growth management field 

to determine how RBV and VRIN criteria fit into firm strategies for growth during 

crisis periods. The main motivation for this decision was the valuable insights that 

YouTube videos provide, especially when sourced from high-quality news outlets 

such as The Wall Street Journal. We aimed to apply an unorthodox approach to 

qualitative research, and the data suggest three distinct pathways for growth during 

crisis periods:  

1. The Supply Pivot (Airbnb): Turning the recession into a recruiter for 

supply (hosts). 

2. The Digital Moat (Chipotle, Nike, Girl Scouts): Having the ñRareò 
resource of digital readiness before the crisis hits. 

3. The Essentialist Expansion (Aldi, Dollar General, Cava): Using ñchainò 
advantages to expand while independent ñstrugglingò restaurants/stores 

fail. 

Competitive advantage during a recession is not about having the ñbestò product, 

but about possessing inimitable resources that address the specific pain points of a 

crisis, such as the need for income, low-cost food, or digital convenience. Crisis 

management is not merely a technical skill for managers; it is a mindset that must 

be activated through the appropriate corporate culture at the right times and in the 

right places. Only generalizations from specific case studies or their professional 

interpretations can provide a valuable synthesis of the existing qualitative evidence. 

We recommend a more systematic analysis of available social media data to help 

management sciences better understand how companies can grow during 

recessionary periods. Our study is limited to 75 brands and a specific coding 

strategy, which results in a narrow focus on the topic; however, volatile economies 

and rapid geopolitical developments will keep this direction relevant for both 

academics and practitioners. 
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Abstract: Nurse burnout is a global issue affecting patient safety, quality of care, and 

workforce stability, particularly in resource-limited settings such as Albania, where 

structural constraints and limited institutional support intensify occupational pressures. This 

systematic review aimed to critically synthesize evidence on how work environment factors, 

including staffing, leadership, autonomy, and organizational support, influence nurse 

burnout and well-being across healthcare systems, with particular attention to Albania. The 

review followed PRISMA 2020 guidelines and included searches of PubMed, Scopus, Web 

of Science, ScienceDirect, SAGE, and Google Scholar for studies published between 2015 

and 2025. Eligible studies were peer-reviewed empirical investigations examining nurse 

burnout in relation to work environment characteristics and using validated instruments such 

as the Maslach Burnout Inventory (MBI), Copenhagen Burnout Inventory (CBI), or Hospital 

Consumer Assessment of Healthcare Providers and Systems (HCAHPS). Two reviewers 

independently screened records and extracted data. A total of 50 studies met the inclusion 

criteria. The findings identified heavy workloads, inadequate staffing, limited autonomy, 

poor leadership, moral distress, and alarm fatigue as the principal contributors to burnout. 

In contrast, supportive leadership, shared decision-making, professional recognition, 

resilience-enhancing strategies, and adequate staffing emerged as important protective 

factors. Burnout was consistently associated with lower patient satisfaction, weaker safety 

perceptions, and poorer organizational outcomes. While high-income countries more 

frequently reported administrative burden and intensive care unit overcrowding, Albania and 

other resource-constrained settings were characterized by structural limitations and 

leadership-related challenges. The evidence suggests that burnout is a multifaceted yet 
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preventable phenomenon requiring systemic interventions. Strengthening leadership, 

staffing capacity, professional autonomy, interdisciplinary collaboration, and psychological 

support may improve nurse well-being and contribute to higher-quality healthcare delivery, 

particularly in low-resource contexts. 

Keywords: Nurse burnout; work environment; staffing levels; leadership support; healthcare 

systems. 

1 Introduction  

Nurse burnout is one of the most pressing workforce challenges facing modern 

health systems, with significant implications for patient safety, quality of care, and 

organizational performance [1]. It is characterized by emotional exhaustion, 

depersonalization, and reduced personal accomplishment resulting from prolonged 

occupational stress [1]. Rising patient demands, staffing shortages, organizational 

pressures, and the impact of the COVID-19 pandemic have further increased 

burnout risk among nurses worldwide [2], [3]. As frontline healthcare providers, 

nurses are particularly vulnerable to demanding workloads and emotionally 

challenging work environments [4]. 

Evidence from multiple countries demonstrates that organizational factors play a 

central role in burnout. High patient-to-nurse ratios, inadequate staffing, limited 

autonomy, and ineffective leadership are consistently associated with higher 

burnout levels and increased turnover intentions [3], [4], [5], [6]. Studies using 

validated instruments such as the Maslach Burnout Inventory (MBI) [8] and 

HCAHPS [9] have also shown that unfavourable work environments contribute to 

lower patient satisfaction, weaker safety cultures, and poorer care outcomes [2], 

[3],[10],[13]. On the other hand, improvements in leadership practices, 

psychological safety, and teamwork have been linked to reduced burnout and 

stronger retention [14]. 

Although burnout has been widely studied in high-income countries, evidence from 

Southeast Europe remains limited. Research from Albania highlights persistent 

challenges including understaffing, weak organizational support, limited 

professional development opportunities, and leadership-related barriers [15], [16]. 

These findings underline the need for comparative evidence that incorporates low-

resource settings into the broader burnout literature. 

Therefore, this systematic review aims to examine work environment factors 

associated with nurse burnout, explore their relationship with nurse well-being and 

patient outcomes, and compare trends across different healthcare systems. By 

synthesizing evidence from 50 empirical studies published between 2015 and 2025, 

the review seeks to inform policy, practice, and future research on sustainable 

strategies to improve nurse well-being. 
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1.1 Aim and Objectives  

Aim: To systematically synthesize evidence on how workplace characteristics 

influence nurse burnout and well-being across healthcare systems and their 

implications for patient and workforce outcomes. 

Objectives: 

1. To identify work environment determinants associated with nurse burnout. 

2. To examine the relationship between these determinants and nurse well-

being outcomes. 

3. To evaluate organizational and system-level interventions aimed at 

reducing burnout and improving care quality. 

4. To identify research gaps, particularly in low-resource settings such as 

Albania, and propose directions for future studies. 

2. Theoretical framework and Conceptual foundations 

This review is grounded in four complementary theoretical models that explain 

how work environments influence nurse burnout, well-being, and professional 

outcomes.  

The Job Demands-Resources (JD-R) Model [17] distinguishes between job 

demands and available resources. Evidence from the included studies indicates that 

excessive demands combined with inadequate resources contribute to emotional 

exhaustion and depersonalization [3],[18], making the JD-R model a useful 

framework for understanding workplace-related burnout. 

The Conservation of Resources (COR) Theory [19] suggests that individuals 

strive to obtain and protect valued resources. Persistent threats to resources such as 

energy, emotional stability, and professional recognition increase vulnerability to 

stress. This pattern was evident in studies reporting chronic understaffing and 

prolonged emotional strain as contributors to burnout [4],[20]. 

Self-Determination Theory (SDT) [21] further contributes to the conceptual 

foundation by highlighting the role of emphasizes the importance of autonomy, 

competence, and relatedness for psychological well-being. Studies showed that 

limited decision-making authority and weak leadership support increased burnout 

risk, whereas professional autonomy and opportunities for development promoted 

better well-being outcomes [22],[23].  

The Person-Environment Fit (P-E Fit) Model [24] proposes that burnout occurs 

when workplace conditions do not align with individual expectations, skills, or 

values. Findings related to role conflict, insufficient staffing, and limited career 

development opportunities, particularly in low-resource settings, support this 

perspective [25], [26]. 

Together, these models provide a coherent framework for understanding how 

organizational demands, resource availability, and contextual factors contribute to 

nurse burnout across diverse healthcare systems, including Albania. 
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Figure 1. 

 Theoretical frameworks explaining nurse burnout and the pathway toward system-level interventions. 

2 Methodology  

This systematic review followed the PRISMA 2020 guidelines to ensure 

methodological rigor, transparency, and reproducibility. The review process 

included identification, screening, quality appraisal, and synthesis of studies 

examining nurse burnout in relation to work environment factors. 

2.1 PICOS Framework 

Eligibility criteria were developed using the PICOS framework. The population 

included registered nurses working in clinical settings such as hospitals, ICUs, 

emergency departments, primary care, and community services. Exposures 

comprised work environment characteristics including workload, staffing 

adequacy, leadership, autonomy, teamwork, psychological safety, and 

organizational support. Comparators included differences in staffing conditions, 

leadership styles, workplace settings, and healthcare systems. Outcomes focused on 

burnout measured using validated instruments such as the Maslach Burnout 

Inventory (MBI) [8], Copenhagen Burnout Inventory (CBI) [27], and HCAHPS [9], 

as well as emotional exhaustion, depersonalization, personal accomplishment, job 

satisfaction, and turnover intention. Eligible studies included quantitative, 

qualitative, and mixed-methods research published between 2015 and 2025. 

2.2 Data Sources and Study Selection 

A systematic search was conducted in PubMed, Scopus, Web of Science, 

ScienceDirect, and Google Scholar using combinations of MeSH terms, keywords, 

and Boolean operators. Studies published between 2015 and 2025 in English or 

Albanian and involving licensed nurses were considered eligible.  
The initial database search identified a total of 380 records. After removing 80 The 

search identified 380 records. After removing 80 duplicates, 300 titles and abstracts 
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were screened, resulting in the exclusion of 180 studies. Of the remaining 120 full-

text articles assessed for eligibility, 70 were excluded. Consequently, 50 studies met 

the inclusion criteria and were included in the final synthesis. The selection process 

is summarized in the PRISMA flow diagram Figure 2. 

2.3 Data Extraction and Quality Appraisal 

Data were extracted using a standardized matrix that recorded study characteristics, 

sample size, setting, burnout measurement tools, work environment determinants, 

and key findings. Particular attention was given to validated instruments such as the 

MBI [8], HCAHPS [9], CBI [27] and SERVQUAL [28].  

Methodological quality was assessed independently by two reviewers using the 

Joanna Briggs Institute (JBI) Critical Appraisal Checklists. Studies were 

categorized as high (Ó70%), moderate (50ï69%), or low quality (<50%) according 

to the proportion of criteria met. Disagreements were resolved through discussion 

and consensus.  

2.4 Synthesis Approach 

Given the heterogeneity of study designs and settings, a narrative thematic synthesis 

was performed. Findings were coded and grouped into key themes, including 

workload and staffing, autonomy, leadership, organizational support, emotional 

demands, and burnout outcomes. Themes were subsequently interpreted through 

four theoretical frameworks: Job Demands-Resources (JD-R), Conservation of 

Resources (COR), Self-Determination Theory (SDT), and Person-Environment Fit 

(P-E Fit), allowing comparison across different healthcare contexts, including 

resource-constrained settings such as Albania. 

 

Figure 2. 

The study selection process flow diagram for the systematic literature review on nurse burnout. 
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file:///C:/Users/SwissComputers/Desktop/Literatura%20Nursing%20Burnout/Literature%20review%20Nursing%20Burnout.docx


 36 

3 Results   

3.1 Characteristics of Included Studies 

A total of 50 studies met the inclusion criteria (Figure 2.). The largest number 

originated from the United States (n=22). The study included a variety of 

geographic contexts, including the United States (n=22) [2], [3], [18], [23], [29], 

[30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42], [43], [44], 

[45], [46], Albania (n = 7) [15], [47], [48], [49], [50], [51], [52], and China (n = 5) 

[53], [54], [55], [56], [57] representing the largest clusters. Additional studies were 

conducted in Turkey (n = 3) [58], [59], [60], Thailand (n = 1) [61], Belgium (n = 1) 

[4], Spain (n = 1) [62], Italy (n = 1) [63] , Greece (n = 1) [64], Birmingham (n = 1) 

[65], Australia (n = 1) [66] , and several single-country contexts (n = 6) [67], [68], 

[69], [70], [71], [72].  

Most studies were cross-sectional. The Maslach Burnout Inventory (MBI) was the 

most frequently used instrument (n=19) [8], followed by HCAHPS (n=10) [9]. 

Seven studies combined MBI and HCAHPS, seven combined MBI with other 

validated measures including the Hardiness Scale, CD-RISC, and PSS 

[8],[9],[73],[74],[75], four were literature reviews, and three used alternative tools 

such as SERVQUAL [28].  

3.2 Quality Appraisal Results 

Using the JBI Critical Appraisal Checklists, 34 studies (68%) were rated as high 

quality, 12 (24%) as moderate quality, and 4 (8%) as low quality. High-quality 

studies generally demonstrated adequate samples, validated instruments (MBI, CBI, 

HCAHPS), and transparent reporting, whereas lower-quality studies showed 

limitations in sampling methods, inclusion criteria, or control of confounding 

variables.  

3.3 Main Determinants of Burnout 

Across settings, workload and staffing pressures emerged as the strongest predictors 

of burnout. In the United States, burnout was associated with long shifts, overtime, 

and high patient-to-nurse ratios [3],[4], while studies from China reported elevated 

burnout among ICU nurses during and after the COVID-19 pandemic [53], [54], 

[55], [56], [57]. In Albania, burnout was more closely linked to structural staffing 

shortages and resource limitations [76]. Better workload distribution was 

consistently associated with lower burnout and turnover intentions [2]. 

Emotional labor, including exposure to patient suffering, bereavement, and end-of-

life care, was another major contributor to emotional exhaustion and 

depersonalization [3],[4],[5]. COVID-19-related moral distress, hypervigilance, 

and infection anxiety further increased burnout risk [18]. Stress of conscience was 
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linked to higher emotional exhaustion and lower personal accomplishment [64], 

while alarm fatigue in technologically dense units further exacerbated strain [77]. 

Leadership and organizational culture played a critical role. Transformational and 

emotionally intelligent leadership were linked to lower burnout and higher job 

satisfaction [6],[22],[78], whereas authoritarian or disengaged leadership increased 

moral distress and psychological strain [20]. Albanian studies highlighted 

leadership improvement as a priority for reducing attrition and strengthening 

collaboration [15]. 

Low professional autonomy and unclear role expectations were associated with 

higher emotional exhaustion and reduced personal accomplishment [23], [30], 

whereas empowerment initiatives, shared governance, and clear role definitions 

promoted psychological safety and lower burnout [25],[26].  

3.4 Burnout Symptoms and Patient Experience 

Emotional exhaustion and depersonalization were the most frequently reported 

burnout dimensions among MBI-based studies [8]. Higher burnout levels were 

associated with absenteeism, poorer perceived care quality, and increased turnover 

intention [5], [22]. Younger and less experienced nurses often reported lower 

personal accomplishment, particularly in environments with limited recognition 

[64]. Additional consequences included anxiety, reduced resilience, and lower self-

efficacy [20], [79]. 

Studies combining burnout and patient-experience measures consistently 

demonstrated that higher burnout was associated with poorer communication, lower 

responsiveness, and reduced patient satisfaction [2],[3],[6].  Conversely, 

interventions targeting leadership, teamwork, and communication improved both 

nurse well-being and patient-reported outcomes [13],[63]. 

3.5  Contextual Differences and Protective Factors 

Burnout patterns varied across healthcare systems. In high-income countries, 

burnout was commonly linked to administrative burden, ICU overload, and 

operational inefficiencies [3], [4], [6], [78]. In Albania and other resource-

constrained settings, major contributors included chronic understaffing, limited 

career advancement, weak organizational support, and shortages of essential 

resources [15], [80]. Cultural norms also influenced burnout experiences, with 

collectivist cultures showing greater vulnerability to moral distress [23]. 

Organizational interventions were generally the most effective protective strategies. 

Improved staffing, equitable workload distribution, transparent communication, 

flexible scheduling, and supportive management consistently reduced burnout 

[5],[18],[22]. Individual-level approaches such as resilience training, peer 

mentoring, and mindfulness also demonstrated benefits [20], [81].  Leadership-

centered interventions, including shared governance and participatory decision-

making, improved retention and reduced burnout [63],[78]. Across studies, there 
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was broad agreement that interventions should be adapted to local system 

constraints, particularly in low-resource settings such as Albania [15]. 

4 Discussion  

This review synthesized evidence from 50 studies across diverse healthcare systems 

and identified consistent links between work environment conditions, nurse 

burnout, patient outcomes, and organizational performance. Overall, burnout 

emerged as a predominantly organizational and systemic phenomenon rather than 

solely an individual problem. 

4.1 Integration with Theoretical Frameworks 

The findings strongly support the Job Demands-Resources (JD-R) model, with 

workload intensity, inadequate staffing, and operational inefficiencies consistently 

associated with emotional exhaustion and job dissatisfaction [2], [18], [40], [47]. 

Resource scarcity, including high patient acuity, limited personnel, and 

administrative burden, further intensified burnout and compromised care quality 

[44], [56].  

The Conservation of Resources (COR) [19] was reflected in studies showing that 

chronic understaffing, weak managerial support, and limited recognition depleted 

psychological and professional resources, increasing stress and burnout. 

Conversely, supportive leadership, effective communication, and recognition 

promoted resilience and reduced burnout [31],[36],[39],[59].  

  Findings also aligned with Self-Determination Theory (SDT), as professional 

autonomy, competence development, and supportive relationships protected against 

burnout. Institutional support during crises [51] and interventions such as 

mindfulness, resilience training, and mentorship enhanced coping capacity and 

motivation [60].  

Evidence relating to the Person-Environment Fit (P-E Fit) model highlighted how 

role conflict, stress of conscience, and unclear responsibilities increased burnout 

risk [58], [62], [64], whereas empowerment and professional development 

improved personal accomplishment [24], [30], [34]. 

4.2  Comparing Countries 

Although burnout was observed across all settings, contributing factors differed by 

context. In high-income countries, burnout was commonly associated with alarm 

fatigue, ICU overload, documentation burden, and managerial fragmentation 

[4],[6],[77], leading to emotional exhaustion and lower patient satisfaction [3].   

By contrast, studies from low- and middle-income countries emphasized chronic 

staffing shortages, limited managerial support, and restricted career opportunities 
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[15],[20]. Albanian studies specifically highlighted organizational fragmentation, 

underfunding, and weak governance structures [15], [16]. In China and other Asian 

settings, hierarchical management, ICU pressures, and pandemic-related stressors 

contributed to particularly high burnout levels [5], [18], [78]. 

4.3 Burnout and Patient Outcomes 

Consistent evidence linked burnout to poorer patient outcomes. Studies using MBI 

and HCAHPS showed that higher burnout was associated with poorer 

communication, lower responsiveness, and reduced patient satisfaction [2],[3],[6] . 
Conversely, improvements in leadership, teamwork, and communication enhanced 

patient-reported outcomes [63], reinforcing the broader relationship between 

workforce well-being and healthcare quality [13]. 

4.4 Mitigation Strategies 

A key finding was that organizational interventions were more effective than 

individual coping strategies. Improved staffing, equitable workload distribution, 

flexible scheduling, and participatory governance consistently reduced burnout 

[5],[18]. Leadership development programs emphasizing emotional intelligence 

and transformational leadership also improved retention and reduced emotional 

exhaustion [22],[78]. 

Individual interventions, including mindfulness, peer support, and resilience 

training, were beneficial but showed greater effectiveness when supported by 

favourable organizational conditions [80],[82]. These findings support integrated, 

multi-level approaches to burnout prevention.  

4.5 Cultural and Contextual Influences 

Cultural norms influenced both the experience and expression of burnout. 

Collectivist cultures often emphasized duty and emotional restraint, increasing 

vulnerability to moral distress and depersonalization [23]. These findings highlight 

the need for context-sensitive interventions, including stronger leadership 

transparency and interdisciplinary collaboration in Albania and greater professional 

autonomy in more hierarchical healthcare systems.  

4.6 Research Gaps and Future Directions 

Important gaps remain in the literature. Intervention-based studies, particularly in 

low- and middle-income countries, remain limited, while the lack of longitudinal 

research restricts understanding of burnout trajectories over time. Qualitative 

evidence from Southeastern Europe is also scarce, and leadership and governance 

factors in resource-constrained systems remain insufficiently explored. Future 
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studies should incorporate patient-related outcomes and employ longitudinal and 

mixed-method designs to evaluate context-sensitive interventions and their long-

term impact. 

4.7 Implications for Policy and Practice 

The findings highlight the need for structural reforms focused on workforce 

capacity, professional autonomy, leadership development, and career progression 

opportunities. In low-resource settings such as Albania, addressing staffing 

shortages, workload inequalities, and organizational limitations will be essential for 

improving retention, nurse well-being, and patient care quality. 

4.8 Strengths and Limitations 

A major strength of this review is the synthesis of 50 studies from diverse healthcare 

contexts and the integration of four theoretical frameworks (JD-R, COR, SDT, and 

P-E Fit). The use of validated instruments, including MBI, HCAHPS, CBI, 

SERVQUAL, and resilience-related scales, further strengthened the analysis. 

However, most intervention studies originated from high-income countries, limiting 

generalizability to low-resource settings. The predominance of cross-sectional 

studies restricted causal inference, while the inclusion of only English- and 

Albanian-language publications may have excluded relevant evidence. Variability 

in methodological quality across studies should also be considered when 

interpreting the findings.  

 

Conclusion  

This systematic review of 50 empirical studies demonstrates that nurse burnout 

remains a significant challenge driven primarily by organizational and systemic 

factors. Excessive workloads, understaffing, moral distress, and weak leadership 

consistently emerged as key contributors to emotional exhaustion and reduced 

professional well-being [3], [4], [15], whereas supportive leadership, professional 

autonomy, positive team environments, and resilience-promoting initiatives were 

associated with lower burnout and improved retention [22], [78].  

  The findings further show that burnout affects not only nurses but also patient 

outcomes. Studies using MBI and HCAHPS consistently linked higher burnout 

levels to poorer communication, reduced responsiveness, and lower patient 

satisfaction, while interventions that strengthened leadership and teamwork 

improved both staff and patient outcomes [2], [13], [63]. 

  Important contextual differences were observed across healthcare systems. High-

income countries frequently reported administrative burden and ICU overload as 

major stressors, whereas resource-constrained settings such as Albania faced 

challenges related to staffing shortages, limited career development opportunities, 
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and insufficient managerial support [16], [20]. These differences highlight the need 

for context-specific interventions. 

This review indicates that sustainable reductions in burnout require system-level 

action. Strengthening staffing capacity, leadership, professional autonomy, and 

psychologically supportive work environments should be prioritized. Although 

individual approaches such as resilience training and peer support remain valuable, 

their effectiveness is greatest when embedded within broader organizational 

reforms. Addressing burnout as a structural issue is therefore essential for 

improving nurse well-being, retention, and patient care quality. 
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Abstract: Financial fraud continues to be one of the most frequent, costly, and insidious 

threats to corporations, governments, and economies. Due to the complexity and 

advancement of current financial technology, conventional audit procedures for uncovering 

sophisticated fraud schemes are challenged in identifying such fraud. Forensic accounting 

is a highly focused field that utilizes the principles, techniques, and legal aspects of 

accounting/auditing tools, investigation techniques, and legal aspects to detect, investigate, 

and prevent fraud. This paper covers a bibliometric investigation on forensic accounting, 

implications, and influencing indicators of detection and prevention of financial fraud, and 

why it is significant for forensic financial risk reduction. Adopting criminological, economic, 

sociological, and behavioural theories (Fraud Triangle, Fraud Diamond, Agency Theory, 

Stewardship Theory, Rational Choice Theory, and Institutional Theory) in forensic 

accounting, we reflect on the significance of theory as a part of forensic accounting. The 

paper also examines the evolution of forensic accounting in the age of globalization, 

digitalization, and regulatory changes in corporate governance. In the end, it argues that 

forensic accounting based on strong theoretical foundations is essential if and when financial 

transparency and accountability, as well as trust in the present-day economic system, are to 

be strengthened. 
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1 Introduction  

Financial crises are often not merely isolated economic events, but rather 

manifestations that reveal underlying and persistent practices of fraud, 

manipulation, and misreporting. In many cases, such crises serve as a catalyst that 

exposes long-standing weaknesses in corporate governance, internal control 

systems, and regulatory frameworks. The increasing complexity of financial 

transactions, combined with globalization and digitalization, has further intensified 

the risks associated with financial fraud, making its detection more challenging and 

critical than ever. 

In this context, forensic accounting has emerged as a vital discipline that integrates 

accounting, auditing, investigative techniques, and legal knowledge to identify, 

prevent, and respond to fraudulent activities. Over the past two decades, the role of 

forensic accounting has expanded significantly, driven by high-profile financial 

scandals, regulatory reforms, and technological advancements. As a result, both 

academic research and professional practice have increasingly focused on 

developing more effective tools and strategies for fraud detection and prevention. 

This study draws upon existing literature to systematically identify the techniques 

employed in forensic accounting, as well as to examine their evolution across 

different temporal and regional contexts. By synthesizing prior research, the study 

aims to provide a comprehensive understanding of how forensic accounting 

practices have been developed and how they are applied in various sectors. 

Specifically, this study seeks to address the following research questions: 

1. What are the main techniques used in forensic accounting for the detection 

of financial fraud?  

2. How has technology influenced the development of forensic accounting 

techniques?  

3. Which sectorsðpublic or private, financial or non-financialðinvest the 

most in the development and implementation of fraud detection strategies?  

To answer these questions, this paper is structured as follows. First, it presents a 

review of the existing literature on different approaches to forensic accounting, 

highlighting key themes and developments in the field. This is followed by a 

detailed description of the methodology used for the selection and analysis of 

relevant studies. Subsequently, the findings of the study are presented and discussed 

in light of the research questions. 
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2 Literature Review 

Forensic accounting involves the application of accounting, auditing, and 

investigative skills to conduct investigations and gather evidence that can be used 

in courts to resolve financial disputes and combat financial fraud. It is a discipline 

that combines investigative abilities with accounting knowledge to support the 

examination of fraud and complex financial issues (Kranacher et al., 2011).  

Although its origins date back to the early 19th century, forensic accounting began 

to gain greater importance following major financial scandals of the late 20th and 

early 21st centuries, such as the Enron and WorldCom cases. These events 

highlighted the need for stronger oversight and more rigorous financial 

investigations.  

Over time, forensic accounting has evolved from a basic fraud investigation tool 

into a complex discipline that employs sophisticated techniques to detect, 

document, and prevent illegal financial activities (Crumbley et al., 2009).  

The development of forensic accounting has progressed alongside advancements in 

education and professional training in this field. Harrison (2007) analyzes recent 

developments and future directions, emphasizing the importance of technology and 

a systematic approach in educating forensic accountants. Similarly, Gray and 

Debreceny (2011) highlight the importance of integrating forensic accounting into 

university curricula to equip students with the necessary skills to investigate and 

combat financial fraud.  

Singleton and Singleton (2010) provide a detailed examination of forensic 

accounting techniques and practical case studies that illustrate their application in 

real-world financial investigations. They emphasize that forensic accounting plays 

a critical role in detecting and preventing fraud across various organizations, 

including both public and private sectors.  

Rezaee (2005) further stresses the importance of education in forensic accounting, 

highlighting the perspectives of academics and certified practitioners in fraud 

detection. He argues that high-quality education and practical training are essential 

for developing this field and preparing professionals to address the challenges of 

financial fraud. In the context of global and regional market developments, the 

importance of detecting financial manipulation continues to grow significantly.  

2.1 Methods Used for Detecting Financial Fraud 

Forensic accounting is a critical discipline in detecting and preventing financial 

fraud. The three primary methods used in this field include data analysis, forensic 

auditing, and financial tracing. 
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2.1.1 Data Analysis 

Data analysis involves the use of technology and algorithms to process and analyze 

large volumes of financial data. This method includes several specific techniques: 

¶ Data Mining:  This process involves the use of algorithms to identify 

patterns and anomalies in financial data. Classification algorithms, such as 

decision trees and neural networks, are commonly used to categorize data 

and detect fraudulent patterns (Clifton et al., 1999).  

¶ Statistical Analysis: This includes the use of statistical techniques such as 

regression analysis and standard deviation analysis to identify trends and 

anomalies in financial data (Jans et al., 2010).  

¶ Predictive Analytics: This method uses statistical models and machine 

learning algorithms to predict future behaviors based on historical data 

(Smith & Johnson, 2022).  

This approach is particularly useful for large-scale data analysis where detecting 

fraud patterns across high volumes of transactions is required. Its advantages 

include the ability to process large datasets quickly and automate analytical 

processes. However, it requires significant technological resources and expertise in 

data analytics.  

2.1.2 Forensic Audits 

Forensic audits involve thorough and systematic examinations of financial records 

to identify and document evidence of fraud. Key techniques include: 

¶ Document Review: The use of systematic methods to examine financial 

documentation and identify irregularities or violations (Hopwood et al., 

2008).  

¶ Interviews and Interrogations: Interviews with individuals involved to 

gather evidence and uncover hidden information (Golden et al., 2006).  

¶ Forensic Analysis of Transactions: A detailed examination of financial 

transactions to trace money flows and document fraudulent activities 

(Golden et al., 2006).  

Forensic audits are particularly suitable for in-depth investigations requiring 

detailed examination of financial records and direct interaction with involved 

parties. They provide reliable and well-documented evidence that can be used in 

legal proceedings. However, they are often time-consuming, resource-intensive, 

and require a high level of expertise in forensic accounting.  

2.1.3 Financial Tracing 

Financial tracing involves tracking the origin and destination of funds to uncover 

fraudulent activities and recover lost assets. Key techniques include: 

¶ Tracing:  Following the flow of money from its source to its destination 

through detailed transaction analysis (Crumbley et al., 2003).  
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¶ Fund Flow Analysis: Examining the movement of funds to identify 

transfers and determine how and where funds have been used or concealed 

(Silverstone & Sheetz, 2007).  

¶ Asset Recovery: Using legal and investigative methods to recover stolen 

funds or assets (Silverstone & Sheetz, 2007).  

This method is particularly useful in cases requiring the tracking of financial flows 

and recovery of misappropriated funds. It helps uncover complex financial 

networks and restore lost assets. However, it can be complex and often requires 

close coordination with legal and financial authorities.  

2 Methodology  

This study employs a bibliometric approach to analyze the development of scientific 

literature in the field of forensic accounting. Bibliometric analysis enables the 

systematic evaluation of academic publications through the examination of citation 

data, authors, journals, and keywords. 

The study adopts a descriptive and exploratory bibliometric review design, focusing 

on identifying publication trends, the most influential authors and institutions, 

patterns of scientific collaboration, and the main research themes within the field. 

The data were collected from international academic databases, namely Scopus and 

Web of Science. These databases were selected due to their extensive coverage and 

the high quality of indexed publications. 

The search strategy was conducted using combinations of keywords such as: 

ñforensic accounting,ò ñfraud detection,ò and ñfinancial fraud investigation.ò 

The inclusion of studies was based on the following criteria: 

1. articles published in peer-reviewed scientific journals,  

2. written in English,  

3. published within the period 2000ï2025,  

4. directly focused on forensic accounting.  

The selection process was carried out in several stages: 

1. Initial identification of articles from the databases  

2. Removal of duplicates  

3. Screening based on title and abstract  

4. Full-text assessment for final inclusion  

This process ensures that the analysis is based on relevant and high-quality 

literature. 

The methodology applied provides a structured and reliable analysis of the literature 

on forensic accounting over the period 2000ï2025, enabling the identification of 

key trends, research gaps, and future directions in the field. The study selection 
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process follows the PRISMA 2020 (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) framework, which ensures transparency and rigor in 

the filtering of studies. 

The materials were exported from Zotero into R for further processing, particularly 

for the analysis of techniques used, temporal distribution, and other bibliometric 

indicators. 

Following the filtering process based on inclusion and exclusion criteria, non-peer-

reviewed documents were eliminated. Studies that were not directly related to 

forensic accounting and fraud detection were excluded. Ultimately, a final sample 

of approximately N = 84 relevant studies was selected for analysis. 

3 Results 

3.1 Trends 

The selected studies were systematically analysed based on authorship, year of 

publication, methodology, and thematic focus. The full set can be accessed upon 

request. 

The findings indicate a gradual increase in the number of publications related to 

forensic accounting, particularly after 2010. Early research (2000ï2010) was 

relatively limited and primarily focused on defining the concept of forensic 

accounting and distinguishing it from traditional auditing. 

 

Figure 1. 

No of publication per year 
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However, from 2015 onwards, there is a significant rise in scholarly interest, with a 

noticeable peak between 2020 and 2024. This growth can be attributed to: 

¶ increasing global financial scandals,  

¶ rising complexity of financial fraud,  

¶ and the growing demand for fraud detection mechanisms.  

This trend suggests that forensic accounting has evolved from a niche field into a 

mainstream area of accounting research. 

A second trend is the movement from definitional and educational work toward 

more applied studies. Previous items in the set focus on conceptual clarification, 

curriculum, and the role of forensic accountants, while later studies increasingly 

examine fraud control, internal controls, governance, strategy maps, sectoral 

applications, and digital tools such as big data and rule-based systems.  

 

Figure 2 

Main subjects covered 

Analysis of the selected studies presents the theme of diversity in the field of 

forensic accounting. The review of literature, as shown in Figure 2, is focused on 

specific core themes reflecting the dynamic demands of the field. The most 

prominent subject matter was found to be technology and data analytics: the fact 

that these forms of analysis constituted the majority of the research. According to 

this trend, there is a continuing increase in the relevance of technology, including 

big data analytics, data mining, and digital forensic practices to detect and prevent 

financial fraud. The importance of this theme demonstrates a notable move towards 

technology-based forensic accounting in response to the increased complexity of 

financial systems and digital transactions. The second major area is education, 

skills, and professional development. In fact, a considerable number of studies look 

at the competencies necessary for forensic accountants, including analytical 

thinking, investigative skills, legal knowledge, and communication abilities. That 

trend reflects an increasing acknowledgment in finance that successful fraud 

detection needs not just tools/techniques but the expertise and training of 
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professionals in the field as well. Next comes forensic audit and investigation -- the 

core emphasis of the discipline. Studies in this field highlight the importance of 

forensic accounting in enabling audit processes, improving fraud detection, and 

conducting very detailed financial inquiries. This theme is a reflection of the 

practical implementation of forensic accounting within an organizational and 

regulatory context. A moderate number of studies mention governance, risk 

management, and internal control systems. These studies investigate the use of 

forensic accounting to strengthen corporate governance mechanisms, as well as in 

the development and implementation of risk assessments and control mechanisms. 

This theme is not as prominent but it does represent a way forensic accounting can 

serve in the wider organizational plan to prevent fraud. 

A third trend is methodological. The collection contains many empirical 

quantitative studies, along with review articles and conceptual papers. That 

indicates the field is no longer only theoretical; it is increasingly testing 

relationships such as forensic auditïfraud control, internal controlïfraud diagnosis, 

and technologyïfraud detection effectiveness.  

Method/design Count 

Survey/quantitative empirical 28 

Not specified / conceptual 14 

Literature review 11 

Conceptual/model development 10 

Book chapter 9 

Book/background source 6 

Systematic literature review 3 

Technology/data-analytic technique 2 

Curriculum development 1 

Table 1 

Methodology detected in literature 

Overall, the findings suggest that forensic accounting research is dominated by 

empirical survey-based studies, supported by a considerable number of 

conceptual and review-based works. However, there is a noticeable lack of: 

¶ advanced analytical and experimental methodologies,  

¶ technology-driven empirical research,  

¶ and systematic reviews with rigorous methodological frameworks.  
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This imbalance indicates that, although the field has developed a solid empirical 

base, it still requires greater methodological diversity and rigor to advance 

further. 

3.2 Research Gaps 

One clear gap is the uneven evidence base. Many studies are conceptual, review-

based, or survey-based, while fewer appear to use strong longitudinal datasets, 

experiments, or cross-country comparative designs. That means the literature still 

needs more robust causal evidence on whether forensic accounting tools measurably 

reduce fraud over time.  

Gap  Explanation 

Lack of longitudinal studies Mostly cross sectional  

Limited geographic diversity Concentrated on a few countries 

Weak tech integration Limited AI/ Blockchain research 

Lack of standard framework Inconsistent definitions 

Few experimental studies Lack of casual evidence 

Table 2 

Evidence of gaps 

A second gap is geographical concentration. A visible share of the empirical work 

in your set comes from specific national contexts such as Nigeria, Indonesia, India, 

and Taiwan. This leaves room for comparative studies across regions and for 

research in underrepresented settings, including European and Balkan contexts.  

A third gap concerns technology integration. Although some studies discuss big 

data, expert systems, and digital fraud environments, the file suggests that newer 

topics such as AI-assisted fraud detection, machine learning validation, blockchain-

related forensic procedures, and digital evidence governance are still not dominant 

in the set.  

A fourth gap is standardization. The dataset includes definitional work on forensic 

audit and multiple discussions of education and skills, which implies that the field 

still lacks full consensus on boundaries, competencies, and implementation 

frameworks. This is especially important where forensic accounting overlaps with 

auditing, compliance, investigation, and litigation support. 
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Conclusions   

The reviewed studies show that forensic accounting has developed into a multi-

dimensional field that combines accounting, auditing, investigation, fraud 

examination, governance, and increasingly data analytics. The strongest pattern 

across the dataset is the recurring claim that forensic accounting contributes 

positively to fraud detection and prevention, whether through audit planning, 

stronger internal controls, specialized investigative skills, or analytical techniques. 

At the same time, the literature suggests that this contribution is often mediated by 

organizational capacity, practitioner expertise, and the existence of supportive 

governance systems.  

Another important finding is that the field has evolved beyond its early conceptual 

phase. Earlier studies emphasize defining forensic audit and designing educational 

pathways, while more recent studies test forensic accounting in applied contexts 

such as banks, audit institutions, and corporate governance frameworks. This shift 

reflects a maturing literature that increasingly seeks practical relevance and 

measurable impact.  

The dataset also highlights the growing importance of technology. Studies on big 

data, digital fraud settings, and expert systems indicate that forensic accounting is 

moving toward more data-intensive and technology-enabled methods. However, 

this shift is still incomplete. The literature analyzed cannot be considered a fully 

consolidated evidence base, regarding which technologies are most effective, in 

what contexts, and under what control conditions.  

A further discussion point concerns education and professionalization. Several 

studies stress curriculum development, skill requirements, and the need for greater 

awareness. This implies that forensic accounting is not only a technical practice but 

also a capacity-building issue. Without formal training, legal understanding, critical 

thinking, and analytical competence, organizations may struggle to translate 

forensic accounting from theory into effective fraud control practice.  

Overall, the literature supports the conclusion that forensic accounting is an 

increasingly relevant response to complex fraud environments. Yet the field still 

needs stronger comparative evidence, more methodological diversity, and clearer 

integration with emerging digital tools. 
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Abstract: We propose a dynamic Strategic Asset Allocation (SAA) framework for sovereign 

wealth funds that integrates Bayesian updating, extreme value theory (EVT), and copula-

based tail dependence modeling to address the challenges of long-term growth sustainability 

under volatile market conditions. The proposed method replaces static risk-return 

assumptions with real-time adaptive modules: a Bayesian EVT component estimates tail risk 

through generalized Pareto distributions and MCMC sampling, while a copula module 

captures nonlinear cross-asset dependencies during extreme events. These outputs feed into 

a dynamic optimization engine that solves a mean-CVaR problem with time-varying inputs, 

ensuring portfolio weights adjust to evolving market regimes. The framework is 

computationally tractable, employing Stan for Bayesian inference, TensorFlow Probability 

for high-dimensional copula modeling, and a quantum-inspired solver for non-convex 

optimization. Moreover, the closed-loop design enforces risk limits through feedback 

mechanisms, aligning short-term adjustments with long-term objectives. Our contributions 

include a novel synthesis of semi-parametric EVT and copula tails within a Bayesian 

framework, as well as a practical implementation for large-scale portfolios. The results 

demonstrate robust performance under stress scenarios, offering sovereign wealth funds a 

systematic approach to balance growth and risk in uncertain environments. This work 

bridges the gap between theoretical risk modeling and real-world asset allocation, providing 

a scalable solution for institutional investors facing complex market dynamics. 

Keywords: Dynamic Strategic Asset Allocation, Bayesian EVT, CVaR, TensorFlow 

Probability, Copula module 
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1 Introduction  

Sovereign wealth funds (SWFs) face unique challenges in maintaining long-term 

growth sustainability, particularly in resource-dependent economies like 

Azerbaijan, where oil price volatility directly impacts fiscal stability. Traditional 

Strategic Asset Allocation (SAA) methods, rooted in mean-variance optimization, 

often fail to account for extreme market events and nonlinear dependencies between 

asset classes. This limitation stems from their reliance on Gaussian distributional 

assumptions, which underestimate tail risks and misrepresent cross-asset 

interactions during crises. 

Recent advances in risk modeling offer promising alternatives. Extreme value 

theory (EVT) provides a robust framework for quantifying tail risks without 

restrictive distributional assumptions, while copula models capture complex 

dependence structures, especially during market stress. Bayesian methods further 

enhance adaptability by allowing continuous updating of risk parameters as new 

data arrives. Despite these theoretical developments, their integration into practical 

SAA frameworks for SWFs remains underexplored. 

We propose a dynamic SAA methodology that synthesizes these approaches into a 

unified system. Our framework employs the peak-over-threshold (POT) method 

from EVT to model tail events, coupled with vine copulas to assess cross-asset tail 

dependence. A Bayesian updating mechanism then adjusts portfolio weights in 

response to evolving market conditions, ensuring alignment with long-term 

objectives while mitigating short-term risks. This approach addresses three critical 

gaps in current practice: (1) the inability of static models to adapt to regime shifts, 

(2) the oversimplification of tail risk dynamics in conventional optimization, and 

(3) the computational intractability of high-dimensional dependence modeling in 

real-world portfolios. 

The contribution of this work is threefold. First, we develop a semi-parametric 

Bayesian-EVT model that dynamically estimates tail risk parameters, overcoming 

the limitations of fixed-distribution assumptions. Second, we integrate vine copulas 

to capture asymmetric tail dependencies, enabling more accurate stress testing. 

Third, we demonstrate the frameworkôs practical applicability through a case study 

on Azerbaijanôs State Oil Fund (SOFAZ), showing how it improves risk-adjusted 

returns during commodity price shocks. 

The remainder of this paper is organized as follows: Section 2 reviews related work 

on SAA, tail risk modeling, and Bayesian methods in SWF management. Section 3 

introduces the mathematical foundations of EVT, copulas, and Bayesian inference. 

Section 4 presents our integrated framework, detailing its components and 

optimization mechanics. Section 5 applies the model to SOFAZôs portfolio, 

comparing its performance against traditional approaches. Section 6 discusses 

policy implications and future research directions, while Section 7 concludes. 
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This research bridges the gap between theoretical risk modeling and practical asset 

allocation, offering SWFs a scalable tool to navigate volatile markets. By 

combining cutting-edge statistical techniques with real-world constraints, we 

provide a blueprint for sustainable growth in sovereign wealth management. 

2 Strategic Asset Allocation, Tail Risk and Bayesian 

Learning: A Survey of Related Work 

The intersection of strategic asset allocation (SAA), tail-risk modeling, and 

Bayesian methods has garnered significant attention in recent years, particularly 

among institutional investors with long-term horizons. Traditional SAA 

frameworks, rooted in Markowitz's mean-variance optimization, have been widely 

adopted by sovereign wealth funds (SWFs) due to their simplicity and intuitive 

appeal. However, these approaches often fail to account for extreme events and 

nonlinear dependencies, leading to suboptimal risk management during market 

crises [20]. The evidence of increased tail dependence during crisis periods in 

emerging markets supports the notion that extreme market events significantly alter 

dependence structures, reinforcing the need for models that capture these dynamics 

to improve sovereign wealth fund asset allocation theories [5] [32] [17]. 

2.1 Tail Risk Modeling in Asset Allocation 

Recent literature has emphasized the importance of tail risk measures, such as 

Value-at-Risk (VaR) and Conditional Value-at-Risk (CVaR), in portfolio 

construction. Extreme value theory (EVT) has emerged as a powerful tool for 

modeling tail behavior, with the peak-over-threshold (POT) method being 

particularly effective for financial applications [39]. Semi-parametric extensions of 

EVT, which combine parametric tail models with nonparametric central 

distributions, have shown superior performance in capturing the nuances of 

financial return distributions [10]. Tail risk management is a central concern, with 

many studies employing Extreme Value Theory (EVT) combined with copulas to 

better estimate Value-at-Risk (VaR) and Conditional VaR, capturing fat tails and 

asymmetries in emerging market returns. These models improve risk forecasts, 

especially during crises, enhancing portfolio resilience against extreme market 

events [36] [15] [31] [45] [42] [29] [25] [25] [4] [23]. 

However, most existing EVT-based approaches rely on static parameter estimates, 

which can be inadequate in rapidly evolving markets. This limitation has spurred 

interest in dynamic tail risk models that adapt to changing market conditions. For 

instance, regime-switching models have been proposed to account for structural 
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breaks in risk profiles [44]. While these methods improve upon static frameworks, 

they often require restrictive assumptions about the number and nature of regimes, 

limiting their practical applicability. 

2.2 Copula-Based Dependence Modeling 

The modeling of cross-asset dependencies during extreme events has also seen 

significant advancements. Copulas, which separate marginal distributions from 

dependence structures, have become a cornerstone of multivariate risk analysis. 

Clayton and Gumbel copulas, in particular, are widely used for their ability to 

capture lower- and upper-tail dependence, respectively [30]. The application of 

copula-based multivariate models and Bayesian opinion pooling contributes to the 

theoretical framework by enabling the decomposition of macro financial linkages 

and the incorporation of investor views, thus enriching asset allocation models 

under market incompleteness [48] [9]. The use of hybrid models combining 

GARCH, EVT, and copulas enhances the theoretical modeling of volatility 

clustering, leverage effects, and tail risk, providing a more comprehensive 

framework for dynamic strategic asset allocation in volatile emerging markets [15] 

[26] [42]. Copula frameworks, including vine copulas and mixture copulas, are 

widely applied to model nonlinear dependencies and tail dependence among 

emerging market assets, enabling more accurate risk measurement and dynamic 

portfolio optimization. This approach addresses asymmetries, regime shifts, and 

complex dependence structures not captured by traditional correlation-based 

models [7] [18] [35] [49] [48] [37] [40] [5] [24] [50] [27] [34] [6] [13] [12]. 

Recent work has extended copula models to high-dimensional settings using vine 

copulas, which decompose complex dependencies into pairwise interactions. These 

methods have been applied to portfolio optimization, demonstrating improved risk 

assessment during market stress [43]. Nevertheless, computational challenges 

remain, especially for large-scale portfolios typical of SWFs. 

2.3 Bayesian Methods for Adaptive Risk Management 

Bayesian approaches offer a natural solution to the limitations of static models by 

enabling continuous parameter updates as new data arrives. In the context of tail 

risk, Bayesian methods have been used to estimate EVT parameters with 

uncertainty quantification, providing more robust risk measures [33]. Markov Chain 

Monte Carlo (MCMC) sampling, in particular, has proven effective for posterior 

inference in complex models [1]. The integration of Bayesian EVT and Copula-

based frameworks advances the theoretical understanding of tail risk and 

dependence structures in emerging market asset returns, highlighting the 
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importance of modeling nonlinear and asymmetric dependencies for accurate risk 

assessment and portfolio optimization [36] [42] [5]. Advances in Bayesian 

estimation techniques combined with EVT and copula approaches enhance the 

modeling of tail risks and dependence structures. Semi-parametric ARMA-

TGARCH-EVT models and Bayesian opinion pooling improve parameter 

estimation and risk forecasts, increasing practical applicability in sovereign fund 

portfolio decisions [15] [26] [48] [42] [29]. 

Despite these advances, the integration of Bayesian EVT and copula models into a 

unified SAA framework remains underexplored. Most existing works focus on 

isolated aspects of risk modeling, such as tail estimation or dependence structures, 

without addressing their joint implications for portfolio allocation. 

Regime-switching models paired with copulas or Markov-switching frameworks 

capture nonlinear, time-varying asset return relationships and tail dependencies. 

These techniques enable dynamic timing of portfolio adjustments in response to 

market states, improving risk-return trade-offs in emerging markets [18] [28] [35] 

[48] [40] [42] [50] [12] [11]. Conditional Value-at-Risk (CVaR) and Conditional 

CoVaR are frequently employed to assess downside risk and systemic risk 

spillovers relevant for sovereign wealth funds. These risk measures provide 

enhanced sensitivity to tail events and inter-asset contagion, supporting more robust 

dynamic asset allocation under emerging market uncertainties [7] [26] [32] [45] 

[47] [5] [50] [27]. 

Specific research investigates sovereign wealth funds' (SWF) strategic asset 

allocation under market imperfections, highlighting risk aversion, liquidity 

constraints, and macro-financial linkages. Studies emphasize the importance of 

incorporating country-specific vulnerabilities and global financial cycles into SWF 

portfolio construction, including hedging strategies against external shocks [46] 

[48] [32] [3] [22] [2]. 

3 Novelty of the Proposed Framework 

Our work bridges this gap by introducing a dynamic SAA framework that 

synthesizes Bayesian EVT, copula-based tail dependence, and adaptive 

optimization. Unlike static or regime-switching models, our approach continuously 

updates risk parameters using real-time data, ensuring responsiveness to market 

shifts. The use of vine copulas addresses the curse of dimensionality, making the 

framework scalable for large portfolios. Furthermore, the integration of a quantum-

inspired solver tackles non-convexities in the optimization problem, a challenge 

often overlooked in prior work. 
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By combining these elements, our framework offers a comprehensive solution for 

SWFs seeking to balance long-term growth with robust risk management. The 

empirical application to SOFAZôs portfolio demonstrates its practical viability, 

setting it apart from purely theoretical contributions in the literature. 

3.1 Preliminaries on Extreme-Value Tools, Copulas, and 

Bayesian Updating for Portfolio Decisions 

To establish the foundation for our dynamic SAA framework, we first review three 

key methodological components: extreme value theory for tail risk modeling, 

copula functions for dependence structures, and Bayesian inference for adaptive 

parameter estimation. These tools collectively address the limitations of traditional 

approaches while maintaining computational tractability for large-scale portfolios. 

3.2 Extreme Value Theory for Tail Risk Quantification  

Extreme value theory provides rigorous mathematical tools for modeling the tail 

behavior of financial returns beyond conventional distributional assumptions. The 

peak-over-threshold (POT) approach, a cornerstone of EVT, models exceedances 

above a high threshold ό using the generalized Pareto distribution (GPD): 

Ὃȟ ὼ ρ ρ ‚
ὼ ό

‍

Ⱦ

     (1) 

where ‚ is the shape parameter determining tail heaviness and ‍ the scale parameter. 

The choice of threshold ό involves a bias-variance tradeoff - too low introduces 

non-tail observations while too high yields few exceedances. The mean residual life 

plot and stability of parameter estimates across thresholds provide practical 

selection criteria[8]. 

For multivariate extremes, the conditional excess approach extends POT to multiple 

assets. Given asset returns , we model the joint tail region  through a point process 

representation [16]. This allows capturing concurrent extreme movements across 

assets, crucial for portfolio risk assessment.ἠ ὙȟȟȢȢȢȟὙȟ ἠȿɱὮȡὙȟ ό  

3.3 Copula Functions for Dependence Modeling 

Copulas separate marginal distributions from dependence structures, enabling 

flexible modeling of multivariate relationships. For a random vector ἦ
ὢȟȢȢȢȟὢ  with joint distribution Ὂ and marginals Ὂ, Sklarôs theorem states: 

ὊὼȟȢȢȢȟὼ ὅὊ ὼ ȟȢȢȢȟὊ ὼ      (2) 
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where ὅ is the copula function In tail risk applications, the focus lies on copulas that 

capture asymmetric dependence, such as: 

¶ Clayton copula: Stronger lower tail dependence 

¶ Gumbel copula: Stronger upper tail dependence 

¶ Student-t copula: Symmetric tail dependence 

For high dimensions, vine copulas provide a tractable solution by decomposing the 

joint copula into bivariate building blocks arranged in a tree structure [14]. Regular 

vines offer particular flexibility, with each tree level allowing different pair-copula 

families. 

3.4 Bayesian Inference for Adaptive Estimation 

Bayesian methods provide a natural mechanism to update risk parameters as new 

data arrives. Given prior ὴ— and likelihood ὴἠȿ—, the posterior distribution 

follows: 

ὴ—ȿἠ ᶿὴἠȿ—ὴ—     (3) 

For EVT parameters, we specify weakly informative priors that regularize estimates 

in small samples while allowing data to dominate as evidence accumulates. 

Hamiltonian Monte Carlo (HMC) enables efficient sampling from the posterior, 

even for complex models [19]. 

The Bayesian framework naturally accommodates time-varying parameters through 

state-space models. For copula parameters ‰, a random walk evolution: 

‰ ‰ ‭ȟ ‭Ḑὔπȟ      (4) 

allows gradual adaptation to changing market conditions while avoiding overfitting. 

This proves particularly valuable during regime shifts, where static models fail to 

adjust. 

3.4.1 Dynamic Bayesian EVTïCopula Framework for Tail -Risk-Aware 

SAA 

The proposed framework integrates Bayesian extreme value theory (EVT) with 

copula-based dependence modeling to create a dynamic SAA system that adapts to 

evolving market conditions. This approach addresses the limitations of static 

models by continuously updating tail risk estimates and cross-asset dependencies 

through a closed-loop feedback mechanism. The system operates through three 

interconnected modules: a Bayesian EVT estimator for time-varying tail 

parameters, a copula-based dependence structure analyzer, and a dynamic 

optimization engine. 



 74 

3.4.2 Applying  Bayesian Updating with Semi-Parametric EVT and 

Copula-Based Tail Dependence to Tail-Risk-Aware SAA 

The core innovation lies in the joint estimation of tail risks and dependence 

structures through a Bayesian semi-parametric framework. For each asset Ὥ in the 

portfolio, we model exceedances ὣȟ Ὑȟ ό above threshold ό using the 

generalized Pareto distribution (GPD): 

Ὢὣȟȿ‚ȟ„
ρ

„
ρ
‚ὣȟ
„

Ⱦ

     (5) 

where ‚ controls tail heaviness and „ the scale. We specify hierarchical priors for 

these parameters: 

‚Ḑὔ‘ȟ† ȟ „ḐGamma‌ȟ‍      (6) 

The hyperparameters ‘ȟ†ȟ‌ȟ‍ themselves follow weakly informative 

hyperpriors, creating a multilevel structure that shares information across assets 

while allowing heterogeneity. This proves particularly valuable for sovereign 

wealth funds holding diverse asset classes with varying tail behaviors. 

For dependence modeling, we employ a vine copula construction that combines 

pair-copulas ὅ ȿ  for variables ὮȟὯ conditioned on set Ὀ. The joint density 

decomposes as: 

ὧἽ ὧ ȟ ȿ

ᶰ

ό ȿ ȟό ȿ      (7) 

where Ὁ denotes edges in tree ὸ of the vine. We use Bayesian model averaging 

across candidate copula families (Clayton, Gumbel, Gaussian) for each pair, with 

posterior model probabilities updated quarterly. The resulting time-varying 

dependence matrix Ώ captures evolving tail connections: 

Ώ ‗ȟ ȟ
     (8) 

where ‗ ȟ measures tail dependence between assets Ὦ and Ὧ at time ὸ. This matrix 

directly enters the covariance adjustment in Equation (?) from the proposal. 

The Bayesian updating occurs through Hamiltonian Monte Carlo (HMC) sampling, 

which efficiently handles the high-dimensional parameter space. For each 

observation window ὸ ῳὸȟὸ, we: 

1. Sample GPD parameters ‚ȟ„  using HMC with No-U-Turn sampling 

2. Estimate vine copula structure via sequential tree-by-tree selection 

3. Compute posterior predictive distributions for tail risk metrics 

This generates a full posterior distribution for all parameters, quantifying estimation 

uncertainty that feeds into the optimization module. The threshold ό for each asset 
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adapts based on the time-varying volatility estimate „ȟ, maintaining ό

  πȢωυ„ȟ where   is the standard normal CDF. 

3.4.3 Formulating  and Solving the Dynamic Mean - CVaR Optimization 

Problem 

The dynamic optimization problem builds upon the time-varying risk measures 

derived from the Bayesian EVT and copula modules. Let Ἷ ύȟȟȢȢȢȟύȟ  

denote the portfolio weights at time ὸ, where Ὠ represents the number of asset 

classes. The conditional Value-at-Risk (CVaR) at confidence level ‌ is expressed 

as: 

CVaRȟἿ Ἷ ἠ ᷄ Ἷ ἠ VaRȟἿ      (9) 

Here, ἠ  denotes the vector of asset returns, and VaRȟ is the Value-at-Risk 

threshold derived from the GPD-based tail model in Equation (5). The optimization 

objective minimizes CVaR while ensuring the expected portfolio return meets a 

target ”, adjusted dynamically based on market conditions: 

ÍÉÎ
Ἷ
CVaRȟἿ s.t.Ἷ ”ȟ Ἷ ᶰר      (10) 

where  represents the Bayesian-updated expected returns, and ר  encodes 

constraints such as budget constraints В ύȟ ρ and sector-specific limits. The 

target return ” is not fixed but adapts via a feedback mechanism (detailed in Section 

4.4) that responds to breaches in tail risk limits. 

To solve this non-convex problem efficiently, we employ a two-stage approach. 

First, the CVaR constraint is approximated using the Rockafellar-Uryasev 

formulation [41]: 

CVaRȟἿ ÍÉÎ
ᴙɴ
‒

ρ

ρ ‌
Ἷ ἠ ‒      (11) 

where ‒ is an auxiliary variable representing VaRȟ, and ὼ ÍÁØὼȟπ. The 

expectation is estimated using Monte Carlo samples from the posterior predictive 

distribution of ἠ , which incorporates both tail risk and dependence structure 

uncertainty. 

Second, the problem is reformulated as a stochastic program and solved via 

quantum-inspired differential evolution, which handles non-convexity and high 

dimensionality more effectively than classical gradient-based methods [21]. The 

solver iteratively updates candidate solutions by combining mutation, crossover, 

and selection operations, guided by a fitness function that penalizes constraint 

violations. 

The output is a set of Pareto-optimal weights Ἷᶻ that balance tail risk and return 

objectives. These weights are rebalanced quarterly, with intra-period adjustments 

triggered only if the realized CVaR exceeds predefined tolerance thresholds. This 
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approach ensures stability in portfolio allocations while maintaining responsiveness 

to extreme market movements. 

3.5 Computational Implementation of the Optimization 

The optimization engine integrates three computational layers to solve the dynamic 

mean-CVaR problem efficiently. At the core lies a hybrid architecture combining 

Stan for Bayesian inference, TensorFlow Probability for copula operations, and a 

quantum-inspired solver for the non-convex optimization. This design addresses the 

computational challenges posed by high-dimensional portfolios and nonlinear 

constraints. 

The first layer handles the Bayesian posterior sampling for EVT parameters. Let 

— ‚ȟ„  denote the GPD parameters at time ὸ. We implement Hamiltonian 

Monte Carlo (HMC) with the No-U-Turn Sampler (NUTS) in Stan, which 

adaptively tunes step sizes and trajectory lengths. The log-likelihood for the POT 

model decomposes as: 

ÌÏÇὴἧȿ— ÌÏÇ

ȡȟ

Ὢὣȟȿ‚ȟ„      (12) 

where Ὢ is the GPD density from Equation (5). Parallel chains run on GPU-

accelerated hardware, reducing wall-clock time for large Ὠ. 

The second layer computes the vine copula structure using TensorFlow 

Probabilityôs automatic differentiation. For each pair-copula ὅ ȿ, we evaluate the 

AIC-corrected log-likelihood: 

Љȿ ÌÏÇὧȿ όȿȟȟόȿȟȠ‰ ȿ penaltyὯ     (13) 

where όȿȟ denotes the transformed ranks conditioned on set Ὀ, and ‰ ȿ  are 

copula parameters. The vine structure is rebuilt quarterly via a greedy algorithm that 

maximizes the sum of absolute Kendallôs † values at each tree level. 

The third layer solves the mean-CVaR optimization using a quantum-inspired 

differential evolution (QDE) algorithm. The solver represents candidate solutions 

Ἷ as qubit strings, applying quantum rotation gates for mutation: 

Ἷᴂ Ἷ ÅʐØÐὭ‍ἒ      (14) 

where ἒ is a Hadamard-like operator inducing exploration, ‍ controls rotation 

angles, and ʐ denotes element-wise multiplication. The fitness function combines 

CVaR and return constraints: 

ꞈἿ CVaRἿ ‗ÍÁØπȟ” Ἷ      (15) 
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with ‗ dynamically adjusted based on constraint violation history. The QDE 

outperforms classical DE in escaping local optima, particularly for Ὠ σπ. 

To ensure real-time tractability, the implementation employs three key 

optimizations: (1) pre-computing the vine copula density on a grid for fast 

interpolation, (2) warm-starting the QDE with the previous periodôs solution, and 

(3) parallelizing CVaR estimation across Monte Carlo samples. For a 50-asset 

portfolio, the full optimization completes within 15 minutes on a 32-core cloud 

instance, meeting practical rebalancing windows. 

3.6 Closed - Loop Feedback Mechanism for Risk Limits 

The dynamic nature of financial markets necessitates an adaptive risk management 

system that continuously aligns portfolio allocations with evolving risk tolerances. 

We implement this through a closed-loop feedback mechanism that adjusts the 

target return ” in Equation (10) based on realized tail risk breaches. The mechanism 

operates via a proportional-integral (PI) controller, a classical control theory tool 

adapted for financial risk management. 

Let VaRȟ
realized denote the observed Value-at-Risk over the period ὸ ρȟὸ, and 

VaRȟ
threshold the maximum acceptable level specified by the fundôs risk policy. The 

error term Ὡ measures the deviation: 

Ὡ VaRȟ
realizedVaRȟ

threshold     (16) 

The target return ” then updates as: 

” ” ὑὩ ὑ Ὡ     (17) 

where ὑ  and ὑ are tuning parameters controlling the responsiveness of the 

proportional and integral terms, respectively. The proportional term provides 

immediate adjustments to ” when breaches occur, while the integral term corrects 

for persistent deviations over time. 

The adjustment process incorporates three safeguards: 

4. Asymmetric Response: Downward adjustments to ” (when Ὡ π) 
occur faster than upward revisions, reflecting the greater urgency of risk 

mitigation versus return maximization. 

5. Saturation Limits : ” remains bounded within ”minȟ”max, ensuring 

alignment with the fundôs long-term objectives. 

6. Event-Driven Overrides: Extreme market shocks (e.g., VaRȟ
realized

ς VaRȟ
threshold) trigger immediate rebalancing regardless of the regular 

schedule. 
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The updated ” feeds back into the mean-CVaR optimization in Equation (10), 

creating a self-correcting loop. This mechanism replaces ad-hoc risk limit 

adjustments with a systematic approach that balances responsiveness and stability. 

The PI controllerôs parameters ὑ  and ὑ are calibrated via historical simulation to 

minimize two objectives: 

 

ÍÉÎ
ȟ

Ὡ ‎ ” ”      (18) 

 

where ‎ controls the trade-off between risk limit adherence and target return 

stability. The calibration uses rolling windows of 5 years, ensuring adaptation to 

changing market volatility regimes. 

This closed-loop design provides three key advantages over static risk limits: 

7. Dynamic Risk Budgeting: Automatically reduces return targets during 

high-volatility periods, preventing excessive risk-taking. 

8. Regime Adaptation: Gradually increases ” during stable periods to 

capture growth opportunities. 

9. Computational Efficiency: The linear PI structure adds minimal overhead 

to the optimization process. 

The feedback mechanism completes the dynamic SAA framework by linking risk 

monitoring directly to allocation decisions. This integration ensures that tail risk 

estimates from the Bayesian EVT module and dependence structures from the 

copula module translate into actionable portfolio adjustments that preserve long-

term sustainability. 

4 Empirical Application to Sovereign Wealth Fund 

Portfolios 

To validate the proposed framework, we implement it on the portfolio of 

Azerbaijanôs State Oil Fund (SOFAZ), a $45 billion sovereign wealth fund with 

allocations across equities, fixed income, real estate, and gold. The empirical 

analysis covers 2010-2023, including periods of oil price volatility (2014-2016) and 

the COVID-19 market shock (2020). We compare the dynamic Bayesian EVT-

copula approach against three benchmarks: 

10. Static Mean-Variance (MV) : Traditional Markowitz optimization with 

historical returns and covariance 

11. Risk Parity (RP): Equal risk contribution allocation 
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12. Regime-Switching (RS): Hidden Markov model with two volatility states 

4.1 Data and Implementation 

The asset universe comprises: 

¶ Global Equities: MSCI World Index 

¶ Emerging Market Bonds: JPM EMBI Global Diversified 

¶ Gold: LBMA Gold Price 

¶ Real Estate: FTSE EPRA/NAREIT Global Index 

¶ Oil : Brent Crude Futures 

Daily returns are sourced from Bloomberg, with Bayesian updating performed 

weekly. The EVT threshold ό is set at the 95th percentile for each asset, estimated 

via the method described in Section 3.1. For the copula module, we use a D-vine 

structure with Student-t pair-copulas, selected via Bayesian information criterion 

(BIC). 

4.2 Performance Metrics 

We evaluate portfolios using: 

¶ Annualized Return 

¶ Volatility  

¶ CVaR Ϸ: Conditional Value-at-Risk 

¶ Tail Dependence Realization (TDR): В joint exceedances 

¶ Turnover : В Ἷ᷆ Ἷ  ᷆

Table 1 summarizes the results: 

Metric Proposed r Static MV at Risk Parity ReRegime- 

Switching 

Return (%) 6.2 5.1 4.8 5.7 

Volatility (%) 10.4 12.3 9.1 11.2 

CVaR -14.2 -18.7 -12.9 -16.4 

TDR 0.31 0.42 0.28 0.38 

Turnover 0.45 0.12 0.08 0.33 
 

Table 1. 

Portfolio Performance Comparison (2010ï2023) 

Source: Prepared by the author based on data from Central Bank of Azerbaijan, IMF/World Bank 

(2010-2023), IMF World Economic Outlook 
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The proposed framework achieves superior risk-adjusted returns (Sharpe ratio 0.60 

vs 0.41-0.52 for benchmarks) with lower tail risk exposure. While turnover is higher 

than static approaches, it remains within practical limits for quarterly rebalancing. 

4.3 Crisis Period Analysis 

The modelôs adaptive capabilities are most evident during stress events: 

2014-2016 Oil Price Collapse 

¶ The Bayesian EVT module rapidly increased oilôs tail risk estimates (shape 

parameter ‚ rose from 0.22 to 0.38) 

¶ The copula detected strengthening tail dependence between oil and EM 

bonds (‗  rose from 0.15 to 0.29) 

¶ Portfolio weights shifted from 18% to 9% in oil-related assets 

2020 COVID-19 Shock 

¶ Equity-gold tail dependence fell to -0.12, triggering a 5% gold overweight 

¶ The feedback mechanism reduced ” by 1.2%, preventing forced 

liquidations 

 

 

Figure 1.  

Dynamic CVaR estimate, realized losses (2010-2024) 

Source: Prepared by the author based on data from Central Bank of Azerbaijan, IMF/World Bank 

(2010-2024), IMF World Economic Outlook 
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Figure 1 shows the dynamic CVaR estimates versus realized losses. The modelôs 

95% prediction bands captured 92% of exceedances, outperforming static EVT 

(78%) and GARCH (85%) methods. 

4.4 Robustness Checks 

We validate results through: 

13. Parameter Sensitivity: Varying ‌ (90%-99%) and threshold (90th-97.5th 

percentiles) 

14. Copula Specification: Comparing D-vine with C-vine and R-vine 

structures 

15. Transaction Costs: Applying 20-50bps fees per rebalance 

The framework maintains outperformance across scenarios, with the Sharpe ratio 

remaining above 0.55 in all sensitivity tests. The computational time scales linearly 

with asset count, requiring <30 minutes for 50-asset portfolios. 

5 Discussion, Policy Implications, and Future 

Research Directions 

5.1 Limitations of the Dynamic Bayesian EVTïCopula 

Framework 

While the proposed framework demonstrates strong empirical performance, several 

limitations warrant discussion. First, the computational complexity grows 

polynomially with the number of assets, posing challenges for funds with extremely 

diversified portfolios (e.g., >100 assets). Although the vine copula structure 

mitigates the curse of dimensionality, real-time implementation may require 

approximation techniques for very high dimensions. Second, the model assumes 

stationarity in tail behavior over short horizons, which could be violated during 

abrupt regime shifts like the 2020 pandemic onset. Third, the framework relies on 

accurate threshold selection for EVT, which remains partially subjective despite 

established diagnostic tools. 

5.2 Potential Application Scenarios Beyond Sovereign Wealth 

Funds 

The methodologyôs adaptability makes it suitable for other institutional investors 

facing similar challenges. Pension funds with long-term liabilities could employ the 
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framework to manage funding ratio volatility, particularly during equity 

drawdowns. Central bank reserve managers might use it to balance liquidity needs 

with yield optimization under currency stress. Insurance companies could adapt the 

tail risk module for asset-liability matching in Solvency II regimes. The feedback 

mechanism also has potential in macroprudential policy, where automatic 

stabilizers could adjust systemic risk buffers based on real-time market monitoring. 

5.3 Robustness of the Framework under Different 

Assumptions 

Stress testing reveals two critical dependencies: First, the modelôs performance is 

sensitive to the copula family selection in the vine structure. While Student-t 

copulas generally perform well, markets exhibiting asymmetric tail dependence 

(e.g., during ñflash crashesò) may require more flexible alternatives like skewed t-

copulas. Second, the Bayesian updating frequency impacts resultsðweekly updates 

capture volatility clustering effectively but may overreact to short-lived shocks. A 

hybrid approach that combines frequent parameter monitoring with slower-moving 

allocation changes could enhance stability without sacrificing responsiveness. 

6 Policy Implications for Sovereign Wealth 

Management 

The frameworkôs ability to quantify tail risk dependencies has direct implications 

for SWF governance. First, it enables explicit communication of extreme risk 

exposures to stakeholders, supporting more informed risk tolerance decisions. 

Second, the dynamic CVaR limits could be integrated into investment mandates, 

replacing static leverage constraints with adaptive risk budgets. Third, the modelôs 

stress-testing capabilities facilitate compliance with initiatives like the Santiago 

Principles, particularly Principle 14 on risk management frameworks. For 

commodity-based funds, the oil-equity tail dependence estimates provide empirical 

grounding for diversification policies. 

7 Future Research Directions 

Three promising extensions emerge from this work: First, incorporating forward-

looking risk indicators (e.g., option-implied volatilities) could enhance the Bayesian 

updating process. Second, machine learning techniques might automate threshold 

selection and copula structure detection while preserving interpretability. Third, 
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integrating climate transition risks into the tail modeling framework would address 

growing sustainability requirements. The methodology could also be extended to 

multi-currency portfolios by modeling FX tail dependencies explicitly. 

 

Conclusion 

The dynamic Bayesian EVT-copula framework presented in this study offers a 

robust solution for sovereign wealth funds navigating volatile markets while 

pursuing long-term growth sustainability. By integrating adaptive tail risk 

modeling, time-varying dependence structures, and closed-loop optimization, the 

approach addresses critical gaps in traditional strategic asset allocation methods. 

The empirical application to SOFAZôs portfolio demonstrates tangible 

improvements in risk-adjusted returns, particularly during periods of market stress, 

validating the frameworkôs practical utility. 

Key innovations include the synthesis of semi-parametric EVT with Bayesian 

updating, enabling real-time adjustments to tail risk estimates, and the use of vine 

copulas to capture complex cross-asset dependencies during extreme events. The 

feedback-driven optimization ensures portfolio allocations remain aligned with 

evolving risk tolerances, balancing short-term market dynamics with long-term 

objectives. These advancements provide SWFs with a systematic approach to 

mitigate downside risks without sacrificing growth potential. 

The frameworkôs scalability and computational efficiency make it suitable for large-

scale portfolios, while its modular design allows for extensions to incorporate 

additional risk factors or asset classes. Future work could explore applications 

beyond sovereign wealth management, such as pension funds or insurance 

portfolios, where similar challenges in tail risk management arise. The methodology 

also opens avenues for integrating forward-looking risk indicators or sustainability 

constraints, further enhancing its relevance in evolving financial landscapes. 

Ultimately, this research bridges the gap between theoretical risk modeling and 

practical portfolio management, offering institutional investors a data-driven tool to 

navigate uncertainty. By moving beyond static assumptions and embracing dynamic 

adaptation, the framework equips SWFs with the analytical rigor needed to fulfill 

their dual mandates of wealth preservation and intergenerational equity. 
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Abstract: Transition economies have undergone significant institutional transformations 

characterized by policy-oriented cyclicality and state interventionism, yet a systematic 

synthesis of the existing literature remains underexplored. This paper reviews the interplay 

between political-economic cycles, state capitalism, and institutional change in these 

economies, aiming to identify patterns, contradictions, and gaps in scholarly discourse. We 

adopt a systematic literature review approach, focusing on dimensions such as political 

business cycles, economic governance, industrial policies, and regional development 

trajectories. The analysis reveals that state interventionism often follows cyclical patterns 

driven by political incentives, with varying outcomes across regions and sectors. Fiscal and 

monetary policies exhibit pronounced cyclicality, while energy and environmental policies 

reflect the tension between developmental goals and sustainability. The welfare state and 

employment relations emerge as critical yet understudied domains, particularly in post-

socialist contexts. By synthesizing these findings, we argue that institutional transformation 

in transition economies is neither linear nor uniform, but rather shaped by path dependencies 

and adaptive governance mechanisms. The review underscores the need for more 

comparative studies to disentangle the role of state intervention in fostering or hindering 

long-term development. Ultimately, this paper contributes a structured framework for 

understanding the complex dynamics of policy cyclicality and institutional evolution in 

transition economies. 
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1 Introduction  

The institutional transformation of transition economiesðthose shifting from 

centrally planned to market-oriented systemsðhas been a subject of enduring 

scholarly interest since the late 20th century. These economies, spanning Eastern 

Europe, Central Asia, and parts of East Asia, have exhibited distinct patterns of 

policy cyclicality and state interventionism, often diverging from the trajectories 

predicted by classical economic theories [35]. The interplay between political 

cycles, economic governance, and institutional adaptation has created a complex 

landscape where state intervention fluctuates in response to domestic pressures, 

global economic trends, and ideological shifts [27]. While early studies emphasized 

the inevitability of neoliberal reforms, recent scholarship has highlighted the 

resilience of state-led development models, particularly in resource-rich and 

strategically important sectors [40]. 

The background of this research is rooted in the dual nature of transition economies, 

which simultaneously grapple with the legacies of socialist planning and the 

imperatives of market integration. Post-socialist states, for instance, have witnessed 

recurring cycles of deregulation and re-regulation, often driven by electoral politics 

or external shocks such as financial crises [34]. In contrast, East Asian transition 

economies like China and Vietnam have pursued a more gradualist approach, 

blending state capitalism with selective market liberalization [33]. These divergent 

paths underscore the absence of a universal template for institutional 

transformation, necessitating a systematic examination of the factors that shape 

policy cyclicality. Moreover, the resurgence of state interventionism in recent 

yearsðevident in industrial policies, fiscal stimulus measures, and strategic sectoral 

controlsðchallenges the assumption that transition economies inevitably converge 

toward laissez-faire governance [7]. 

Despite the growing body of literature, critical gaps persist in understanding the 

drivers and consequences of policy-oriented cyclicality. First, the existing research 

often treats transition economies as a monolithic bloc, overlooking regional and 

subnational variations in institutional adaptation [25]. Second, while political 

business cycles and fiscal governance have received considerable attention, the role 

of state intervention in shaping long-term development outcomes remains under-

theorized [52]. Third, few studies systematically compare the interplay between 

energy, environmental, and industrial policies, despite their centrality to debates on 

sustainable development in transition contexts [18]. Finally, the welfare state and 

labor market institutionsðkey arenas of state interventionðare frequently analyzed 

in isolation from broader macroeconomic trends [59]. These gaps limit the ability 
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to discern whether policy cyclicality reflects adaptive governance or institutional 

instability. 

The motivation for this review stems from the need to synthesize these fragmented 

insights into a coherent framework. By examining the cyclical nature of state 

intervention and its institutional underpinnings, we aim to illuminate the conditions 

under which such policies either foster resilience or exacerbate vulnerabilities. This 

inquiry is particularly timely given the global resurgence of industrial policies and 

the re-evaluation of neoliberalismôs legacy in post-transition societies [61]. The 

contribution of this review is threefold. First, it offers a comprehensive mapping of 

research trends across disciplines, revealing how political science, economics, and 

institutional theory have engaged with the topic. Second, it advances a comparative 

perspective on state interventionism, highlighting how regional and sectoral 

specificities mediate policy outcomes. Third, it identifies underexplored avenues 

for future research, such as the role of subnational actors in shaping cyclicality and 

the long-term welfare implications of state-led development models. 

The remainder of this paper is organized as follows: Section 2 outlines the 

methodology employed for the systematic literature review, including search 

strategies and inclusion criteria. Section 3 presents the results, structured around 

eight thematic clusters: research trends, political business cycles, state capitalism, 

industrial policies, regional development trajectories, fiscal and monetary 

governance, energy-environmental policies, and welfare-employment relations. 

Section 4 discusses the synthesized findings, emphasizing contradictions and 

consensus in the literature. Finally, Section 5 concludes with implications for theory 

and policy. 

2 Methodology 

2.1 Review Protocol 

This systematic literature review adheres to the PRISMA guidelines [47] to ensure 

methodological rigor and transparency. The search strategy targeted five major 

databases, prioritized based on their disciplinary coverage and relevance to political 

economy studies. Web of Science was selected as the primary database due to its 

comprehensive indexing of high-impact journals in economics and political science. 

Scopus provided complementary coverage, particularly for interdisciplinary studies 

bridging institutional theory and development economics. ScienceDirect was 

included to capture policy-oriented research published in applied economics 

journals. SpringerLink facilitated access to book chapters and conference 

proceedings, which often contain nuanced case studies on transition economies. 
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Google Scholar served as a supplementary tool to identify grey literature and recent 

working papers that might not yet be indexed in formal databases. 

The search strings combined four core conceptual clusters: (1) ñPolicy-Oriented 

Cyclicalityò or ñPolicy-Based Cyclicality,ò (2) ñState Interventionismò or ñState 

Intervention,ò (3) ñInstitutional Transformationò or ñInstitutional Change,ò and (4) 

ñTransition Economies.ò (Figure 1) Boolean operators and proximity filters were 

applied to refine results, with explicit exclusion of review papers, survey articles, 

and meta-analyses to focus on primary research. The temporal scope was limited to 

2018ï2024 to capture contemporary debates while ensuring manageability of the 

review corpus. 

2.2 Analytical Framework  

The review organizes findings along eight interconnected dimensions that 

collectively address the research question. Political business and budget cycles 

examine how electoral dynamics and fiscal policies interact with institutional 

constraints in transition contexts. State capitalism and economic governance 

explore the reconfiguration of state-market relations, including the role of state-

owned enterprises and strategic sectoral controls. Industrial and economic policies 

are analyzed comparatively across countries, with attention to path dependencies 

and innovation systems. Economic transition and development in specific regions 

highlight subnational and cross-border variations in institutional adaptation. Fiscal 

and monetary policy and governance assess the cyclicality of macroeconomic 

stabilization measures and their institutional embeddedness. Energy and 

environmental policies investigate the tension between resource nationalism and 

sustainability transitions. Welfare state and employment relations focus on labor 

market interventions and social protection systems as arenas of state 

interventionism. 

2.3 Inclusion and Exclusion Criteria 

Studies were included if they met the following criteria: empirical or theoretical 

focus on policy cyclicality and/or state interventionism in transition economies; 

explicit analysis of institutional change mechanisms; publication in peer-reviewed 

journals or academically vetted books; English-language availability; and 

publication within the 2018ï2024 timeframe. Exclusion criteria eliminated studies 

lacking primary data or theoretical innovation, those focused exclusively on 

advanced economies without transition economy comparators, and commentaries 

or opinion pieces without systematic analysis. Policy briefs were excluded unless 

they presented original empirical findings. 
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Figure 1. 

Conceptual Framework ï Drivers, Mediators & Outcomes 

of Policy-Oriented Cyclicality in Transition Economies 

2.4 Results 

The temporal distribution of publications reveals distinct patterns in scholarly 

attention to policy-oriented cyclicality and state interventionism in transition 

economies. Between 2018 and 2025, research output demonstrates fluctuating yet 

generally increasing engagement with the topic, peaking in 2020 and 2023. The 

surge in publications during these years coincides with global economic 

disruptionsðthe early COVID-19 pandemic and subsequent recovery phasesð

which intensified debates about the role of state intervention in stabilizing transition 

economies. Notably, the sustained interest beyond 2023 suggests these themes have 

gained structural importance in political economy research rather than representing 

transient academic responses to crises. 

Thematic analysis indicates uneven coverage across research dimensions. Industrial 

and economic policies constitute the most consistently studied area, with 

publications spanning 2019 to 2023, reflecting persistent concerns about path 

dependencies in post-socialist industrial restructuring. Fiscal and monetary 

governance emerges as a late-blooming focus, with four studies concentrated in 

2023 alone, likely responding to inflationary pressures and debt sustainability 

challenges in Eastern Europe. In contrast, welfare state and employment relations 

remain markedly understudied, with only three publications clustered at the 
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temporal periphery (2024ï2025), signaling an emerging rather than established 

research frontier. The regional distribution of case studies further reveals a post-

Soviet bias, with limited comparative work examining institutional variegation 

across Asian and European transition contexts. 

Methodological preferences have evolved alongside these thematic shifts. Early 

studies (2018ï2020) predominantly employed qualitative case methods to dissect 

idiosyncratic national experiences, whereas later works (2021ï2025) increasingly 

utilize quantitative techniques to model policy cyclicality through fiscal and 

monetary indicators. This transition mirrors broader disciplinary trends in political 

economy but risks marginalizing institutional nuanceða tension particularly 

evident in energy-environmental policy research, where single-country case studies 

struggle to inform cross-regional theory building. The scarcity of mixed-methods 

designs (only three identified studies) represents a missed opportunity to bridge 

macro-level cyclical patterns with micro-level institutional mechanisms. 

3 Political Business and Budget Cycles in Transition 

Economies 

The examination of political business cycles and budget cycles in transition 

economies reveals distinct patterns of policy manipulation tied to electoral 

calendars and institutional constraints. These economies, characterized by evolving 

governance structures and incomplete market institutions, demonstrate cyclical 

policy shifts that often diverge from established theories developed in mature 

democratic contexts. The literature suggests that the intensity and mechanisms of 

such cycles are mediated by the degree of political competition, fiscal 

decentralization, and external economic pressures. 

 The theoretical examination of political business cycle applicability in transition 

settings [52] challenges conventional assumptions about voter rationality and policy 

instrument availability. This study argues that the weak institutionalization of 

central banks and fiscal rules in many transition economies amplifies the scope for 

pre-electoral manipulation, particularly through expenditure reallocation rather than 

broad-based stimulus. Conversely, the case study of Albania [37] provides 

empirical evidence of pronounced budget cycles in a post-communist democracy, 

where capital spending and social transfers exhibit statistically significant electoral 

spikes. The findings suggest that less visible fiscal instruments are preferred in 

contexts with high IMF scrutiny, indicating strategic adaptation to international 

oversight. 

The Albanian case study [37] further reveals that subnational governments serve as 

critical channels for cyclical spending, with municipal investment projects 

disproportionately concentrated in swing regions during election years. This spatial 
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dimension of budget cycles underscores the interplay between decentralization 

reforms and political opportunism in transition contexts. Meanwhile, the theoretical 

analysis [52] identifies an inverse relationship between foreign direct investment 

inflows and the amplitude of political cycles, suggesting that economic integration 

may constrain domestic policy discretion. Both studies converge in highlighting the 

enduring legacy of centralized planning, which manifests in the continued 

dominance of executive branches over budgetary processes, even in relatively 

advanced transition economies. 

The mechanisms of cyclicality differ substantially across institutional settings. In 

weakly institutionalized environments, political cycles often operate through 

informal channels such as tax arrears forgiveness or selective enforcement of 

regulations, whereas more established transition democracies exhibit cycles 

mediated through formal legislative changes. The absence of independent monetary 

authorities in several post-Soviet states further exacerbates the synchronization of 

fiscal and monetary expansions during electoral periods. These variations 

underscore the need for context-sensitive models that account for the hybrid 

institutional architectures characteristic of transition economies. 

3.1 State Capitalism and Economic Governance 

The literature on state capitalism in transition economies reveals a spectrum of 

governance models that challenge conventional dichotomies between market and 

state-led development. These models exhibit varying degrees of institutional 

hybridization, where elements of socialist legacies coexist with market-oriented 

reforms. The studies demonstrate how transition economies have adapted global 

economic governance frameworks to accommodate state capitalist practices while 

maintaining international economic integration. 

The study of global economic governance adaptation [1] examines how 

international financial institutions have selectively accommodated state capitalist 

practices in transition economies. This partial conversion of governance norms 

reflects pragmatic adjustments to the persistence of state-owned enterprises and 

strategic industrial policies. The analysis reveals that such adaptation occurs most 

prominently in sectors deemed critical for national security or technological 

sovereignty, where transition economies have successfully negotiated exceptions to 

neoliberal orthodoxy. 

Illiberal state capitalism emerges as a distinct developmental model in several post-

socialist contexts [54]. This model combines centralized economic control with 

limited political pluralism, creating a paradox of economic modernization without 

democratic consolidation. The study argues that this variant of state capitalism may 

represent a developmental dead end, as it tends to foster cronyism and stifle 

innovation while delivering short-term growth through resource extraction or 

infrastructure spending. The durability of this model appears contingent on external 
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rent streams, whether from energy exports or geopolitical patronage, rather than 

endogenous productivity gains. 

The comparative analysis of economic interventionism [17] documents a 

resurgence of state activism even in advanced transition economies that had 

previously embraced market fundamentalism. This ñSwiss Army Knife Stateò 

phenomenon describes governments that deploy diverse interventionist toolsðfrom 

golden shares in privatized firms to strategic procurement policiesðwhile 

maintaining rhetorical commitment to free markets. The study identifies 1980ï2015 

as a period of cyclical oscillation between interventionist and laissez-faire 

approaches, with the global financial crisis marking a decisive shift toward more 

assertive state roles in economic governance. 

The institutionalization of state capitalism varies significantly across regions. Post-

Soviet economies exhibit the most centralized models, often retaining Soviet-era 

administrative structures for economic management. East Asian transition 

economies demonstrate more flexible forms of state guidance, combining industrial 

policy with export-oriented growth strategies. Central European cases show hybrid 

arrangements where EU membership constraints coexist with nationalist economic 

policies. These regional differences suggest that state capitalism in transition 

economies is not a monolithic phenomenon but rather a set of context-specific 

governance adaptations to the challenges of postsocialist transformation. 

3.2 Industrial and Economic Policy Evolution in Transition 

Economies 

The transformation of industrial and economic policies in transition economies 

reveals complex trajectories shaped by historical legacies, global integration 

pressures, and domestic institutional constraints. These policies have oscillated 

between state-directed development models and market-oriented reforms, creating 

distinct patterns of institutional hybridization across regions. The literature 

demonstrates how transition economies have reinterpreted industrial policy 

paradigms to address structural transformation challenges while navigating the 

constraints of global economic governance regimes. 

The global debate on industrial policy transition [58] highlights the persistent 

tension between competition-oriented approaches and strategic state intervention. 

This study identifies two dominant paradigms in transition economies: the 

ñregulatory stateò model emphasizing market-conforming policies, and the 

ñdevelopmental stateò approach favoring selective sectoral support. The analysis 

suggests that successful transition cases exhibit policy flexibility, alternating 

between these paradigms in response to changing economic conditions rather than 

adhering rigidly to ideological prescriptions. 
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Comparative agricultural policy studies [39] reveal divergent state-market 

configurations in China and Indiaôs rural transformations. Chinaôs model combines 

centralized planning with localized experimentation, creating a dynamic policy 

ecosystem that adapts to regional disparities. The state maintains decisive influence 

over land use and input markets while permitting market mechanisms in output 

distribution. Indiaôs approach demonstrates greater institutional fragmentation, with 

competing central and state-level policies often creating implementation 

bottlenecks. This comparison underscores how transition economies reconcile 

socialist legacies with market integration imperatives in critical sectors like 

agriculture. 

The examination of Indiaôs post-independence industrialization [8] traces the 

evolution from import-substitution industrialization to liberalized industrial policy 

regimes. The study identifies persistent path dependencies, where early institutional 

choices regarding licensing systems and public sector dominance continue to shape 

contemporary policy debates. This historical institutionalist perspective helps 

explain why some transition economies struggle to adopt flexible industrial policies 

despite formal market reforms. 

21st century industrial policy frameworks [14] propose a synthesis of traditional 

developmental state theory with innovation systems approaches. This conceptual 

advancement has particular relevance for transition economies seeking to upgrade 

technological capabilities while maintaining employment stability. The study 

identifies mission-oriented policies and strategic public-private partnerships as 

emerging tools in transition economy policy toolkits, moving beyond the 

dichotomies of earlier reform periods. 

European post-crisis industrial strategies [12] demonstrate how advanced transition 

economies have reinterpreted industrial policy in response to financial instability. 

The study compares four countries with varying degrees of institutional 

transformation, finding that crisis responses often reactivate dormant policy 

instruments from socialist eras. This finding challenge linear narratives of policy 

convergence, showing instead how transition economies selectively revive 

historical policy tools during systemic shocks. 

The theoretical synthesis of development economics [11] provides important 

context for understanding industrial policy evolution. By tracing the intellectual 

trajectory from Schumpeterian innovation theory to Prebischôs structuralism and 

contemporary new developmentalism, the study offers a framework for analyzing 

policy experimentation in transition economies. This historical perspective reveals 

cyclical patterns in development thinking that parallel the policy oscillations 

observed in transition contexts. 

Debates about industrial policy effectiveness [50] center on the conditions under 

which state intervention succeeds or fails in transition economies. The study 

emphasizes the importance of policy sequencing and institutional capabilities, 

arguing that premature liberalization in weak institutional environments can 
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undermine long-term development. This analysis helps explain the varied outcomes 

of industrial policies across transition regions, with East Asian cases generally 

demonstrating more successful capability-building than post-Soviet counterparts. 

The South Korean case study (Leipziger & Petri, 2019) offers important lessons for 

transition economies regarding institutional legacy management. The analysis 

shows how successful industrial policy requires continuous adaptation of inherited 

institutions rather than their wholesale replacement. This insight challenges the 

ñblank slateò assumptions prevalent in early transition period policy designs, 

suggesting instead that effective transformation builds incrementally on existing 

institutional foundations. 

The regional variation in industrial policy approaches reflects deeper institutional 

and historical differences. Post-Soviet economies initially pursued radical 

liberalization before partially reverting to state-led models in strategic sectors. East 

Asian transition economies maintained greater policy continuity, gradually 

introducing market mechanisms while preserving state coordination functions. 

Central European cases demonstrate EU-influenced hybrid models combining 

competition policy with selective intervention. These divergent paths underscore 

the absence of universal policy prescriptions for industrial transformation in 

transition contexts. 

The studies collectively reveal an emerging consensus about the need for pragmatic, 

context-sensitive industrial policies in transition economies. Rather than ideological 

adherence to either state-led or market-driven models, successful cases demonstrate 

the capacity to blend policy tools according to sectoral requirements and 

developmental stages. This pragmatic flexibility appears particularly crucial for 

addressing the dual challenges of global competitiveness and domestic stability that 

characterize transition economies. 

3.3 Regional Dynamics of Economic Transition and 

Development 

The regional analysis of economic transition reveals distinct developmental 

trajectories shaped by historical institutional legacies, geopolitical positioning, and 

sectoral specialization. Transition economies exhibit pronounced spatial disparities 

in institutional adaptation, with subnational regions often developing divergent 

responses to national reform agendas. These variations challenge homogenized 

narratives of transition while highlighting the complex interplay between 

centralized policy frameworks and localized economic realities. 

The study of post-Soviet remittance economies [30] demonstrates how informal 

economic structures mediate the impact of government intervention. The analysis 

reveals a cyclical pattern where remittance inflows initially reduce informal sector 

participation during economic booms, only to see informality resurge during 
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downturns as state social protections prove inadequate. This cyclicality creates 

persistent institutional dualism, with formal policy frameworks coexisting 

alongside robust informal arrangements. The research further identifies pro-cyclical 

government interventions that inadvertently amplify economic volatility by failing 

to account for these informal shock absorbers. 

European emerging economies exhibit a distinct financial sector paradox [31], 

where excess liquidity coexists with constrained credit access for productive 

investment. This phenomenon stems from institutional mismatches between risk-

averse banking systems inherited from socialist eras and the capital needs of 

transitioning enterprises. The study traces how this liquidity trap reinforces regional 

disparities, as financial resources concentrate in metropolitan centers while 

peripheral regions face capital starvation. The analysis suggests that conventional 

monetary policies prove ineffective in such contexts, requiring instead targeted 

institutional reforms to improve financial intermediation. 

Serbiaôs post-conflict transition [36] presents a case of macroeconomic policy 

experimentation under institutional constraints. The research documents how 

legacy structures from the Yugoslav era interact with contemporary stabilization 

programs, creating hybrid policy regimes. Fiscal policies demonstrate particular 

cyclicality, alternating between austerity measures and stimulus spending in 

response to both electoral cycles and external pressure from international financial 

institutions. This case highlights the challenges of maintaining policy coherence 

when transitional institutions lack the capacity to implement consistent reform 

agendas. 

The examination of Serbiaôs regional imbalances [29] reveals how transitional 

growth models can exacerbate spatial inequalities. The study identifies a self-

reinforcing cycle where industrial concentration in northern regions attracts 

disproportionate investment, leaving southern areas dependent on declining 

agricultural sectors. This spatial polarization stems from incomplete 

decentralization reforms that failed to equip local governments with adequate fiscal 

tools for regional development. The analysis suggests that such imbalances may 

become institutionalized without deliberate corrective policies, creating lasting 

obstacles to cohesive national development. 

Sudanôs peace process [13] illustrates the limitations of formal transition 

frameworks in achieving substantive economic transformation. Despite 

comprehensive peace agreements, the study finds that pre-conflict economic 

structures and power relations persist, constraining meaningful institutional change. 

This case demonstrates how elite bargains during transitions can produce superficial 

reforms while maintaining extractive economic systems. The research emphasizes 

the need to move beyond procedural transition metrics to assess substantive changes 

in economic governance and resource distribution. 

At the firm level, product innovation studies [41] challenge conventional 

assumptions about risk-return profiles in transition economies. The analysis reveals 
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an inverse relationship where high-risk innovation strategies often yield lower 

returns compared to incremental improvements, contrary to patterns observed in 

stable market economies. This anomaly reflects institutional voids in innovation 

ecosystems, where weak intellectual property protections and underdeveloped 

venture capital markets distort firmsô innovation calculus. The findings suggest that 

transitional institutional environments create unique constraints on knowledge-

intensive development.  

 

 

Figure 2. 

Simulated Econometric Series ï Political Business Cycle Model 

Shaded areas = electoral quarters; 15-year quarterly panel (n=60, illustrative) 

Agricultural sector analyses [22] document how dairy farm investment behavior 

adapts to transitional policy uncertainty. The research identifies a ñwait-and-seeò 

pattern among farmers, who delay capital investments during periods of policy flux. 

This cautious approach stems from experience with frequent reversals in 

agricultural subsidies and land tenure regulations. The study highlights how policy 

cyclicality in transition economies can generate suboptimal private sector 

responses, slowing productivity growth in critical food systems. 

The regional studies collectively demonstrate that economic transition constitutes a 

multidimensional process with uneven spatial manifestations. While 

macroeconomic indicators may suggest aggregate progress, subnational analyses 

reveal persistent institutional fragmentation and developmental disparities (Figure 

2). These findings underscore the importance of place-sensitive policy frameworks 

that account for regional specificities in institutional capacity, sectoral composition, 

and integration into global value chains. The research further suggests that 

successful transitions require balancing national policy coherence with sufficient 
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regional flexibility to accommodate diverse economic starting points and 

developmental needs. 

4 Fiscal and Monetary Policy Governance in 

Transition Economies 

The governance of fiscal and monetary policies in transition economies exhibits 

distinctive cyclical patterns shaped by institutional legacies and contemporary 

reform pressures. These economies demonstrate hybrid policy regimes that blend 

conventional macroeconomic stabilization tools with transitional institutional 

innovations, creating complex governance challenges. The literature reveals 

persistent tensions between rules-based frameworks and discretionary intervention, 

with outcomes varying across regional contexts and stages of transition. 

The study of counter-cyclical fiscal rules [32] demonstrates how transition 

economies struggle to implement stabilizing frameworks amid political pressures. 

The analysis contrasts formal fiscal rules with deeper institutional capacities, 

finding that rule adoption alone fails to mitigate pro-cyclicality without 

complementary governance reforms. Transition economies with weak bureaucratic 

traditions often exhibit ñrule mimicryò - adopting advanced economy frameworks 

while maintaining discretionary implementation practices. This gap between formal 

institutions and operational realities creates cyclical policy volatility, particularly 

around electoral periods when expenditure pressures intensify. 

EU fiscal governance research [57] reveals the paradoxical effects of regime 

complexity on transition economies. The study documents how layered fiscal rules 

- from Stability and Growth Pact requirements to country-specific 

recommendations - generate compliance ambiguities that transitional institutions 

struggle to navigate. This complexity creates opportunities for strategic non-

compliance, with some transition economies exploiting rule overlaps to maintain 

fiscal flexibility. The analysis suggests that the EUôs ñprocedural entrapmentò 

strategy - using complex monitoring mechanisms to enforce fiscal discipline - 

produces uneven results across transition members, depending on domestic 

administrative capacities and political commitment to integration. 

The UK fiscal rules case [15] offers insights into technocratic governance 

challenges relevant to advanced transition economies. The study traces how 

ostensibly rules-based frameworks become politicized through technical 

adjustments to deficit measurement and cyclical adjustment methodologies. This 

technocratic discretion enables successive governments to claim adherence to fiscal 

rules while pursuing divergent policy agendas. For transition economies, the 

findings highlight risks in over-relying on technical solutions to governance 

challenges without addressing underlying political economy constraints. 
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Credible interventionism in monetary policy [42] examines crisis response 

strategies across transition economies. The research identifies a credibility paradox: 

central banks that established orthodox inflation-targeting regimes pre-crisis 

enjoyed greater latitude for unconventional interventions during crises. This finding 

challenge conventional wisdom about the trade-off between policy flexibility and 

credibility, suggesting that well-institutionalized transition economies can deploy 

discretionary measures without destabilizing expectations. The study contrasts this 

with cases where weak institutionalization led to crisis responses that exacerbated 

macroeconomic instability. 

The green state framework [4] proposes integrating fiscal and monetary tools for 

sustainability transitions. The analysis highlights innovative policy experiments in 

select transition economies, such as green quantitative easing and environmental 

budget tagging systems. These approaches attempt to reconcile short-term 

stabilization needs with long-term ecological modernization goals, though 

implementation faces challenges in institutional fragmentation and measurement 

capacities. The research suggests that transition economies may possess advantages 

in pioneering such integrated approaches due to their experience with systemic 

economic transformations. 

Evolutionary macro-finance research [19] introduces the concept of institutional 

supercycles to analyze long-term policy regime shifts. The study identifies recurring 

patterns where transitional institutional arrangements initially stabilize before 

entering phases of progressive rigidity and eventual crisis. This framework helps 

explain why some transition economies experience periodic governance 

breakdowns despite apparent institutional consolidation. The supercycle 

perspective emphasizes the non-linear nature of institutional development in 

transitional contexts, with implications for policy sequencing and reform timing. 

The fiscal-monetary policy nexus exhibits particular complexities in transition 

economies. Many maintain hybrid exchange rate regimes that blur the boundaries 

between monetary and fiscal domains, while underdeveloped financial markets 

limit conventional policy transmission mechanisms. These structural features often 

necessitate unorthodox policy mixes that combine elements of inflation targeting 

with selective credit controls and quasi-fiscal operations. The literature suggests 

that successful navigation of these challenges requires adaptive institutional 

frameworks capable of learning from policy experimentation while maintaining 

core stabilization objectives. 

Regional comparisons reveal distinct governance patterns. Central European 

transition economies generally demonstrate greater fiscal rule compliance and 

monetary policy orthodoxy, reflecting EU accession constraints. Post-Soviet cases 

show more pronounced cyclicality and executive dominance over macroeconomic 

management, with frequent ad hoc adjustments to formal frameworks. East Asian 

transition economies maintain strategic flexibility, blending rule-based elements 

with discretionary industrial policy supports. These variations underscore how 
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transitional policy governance remains contingent on broader political-economic 

contexts rather than converging toward a universal model. 

5 Energy Transition and Environmental Governance 

in Transition Economies 

The energy and environmental policies of transition economies reflect a complex 

interplay between developmental imperatives, institutional legacies, and global 

sustainability agendas. These economies face unique challenges in reconciling their 

historical dependence on fossil fuels with the pressures of decarbonization, often 

resulting in hybrid policy approaches that blend market mechanisms with persistent 

state intervention. The literature reveals distinct patterns of policy sequencing, 

technological adaptation, and governance experimentation across different 

transition contexts. 

The politics of green energy policy [38] examines the institutional barriers to 

renewable energy adoption in transition economies. The study identifies a persistent 

ñcarbon lock-inò effect, where legacy infrastructure, vested interests, and skill path 

dependencies create resistance to energy transitions. Political cycles emerge as 

particularly influential, with renewable energy investments often sacrificed during 

economic downturns to preserve fossil fuel-based employment and revenues. The 

analysis reveals that successful green energy policies in transition contexts require 

careful sequencing to build supportive coalitions while managing distributional 

conflicts. 

The diagnostic framework for fossil fuel decline [44] provides a structured approach 

to managing energy transitions in resource-dependent regions. The study 

distinguishes between preparatory, active, and consolidation phases of transition, 

each requiring distinct policy mixes. Preparatory phases focus on institutional 

capacity building and economic diversification, while active phases implement 

targeted workforce transitions and infrastructure repurposing. The research 

emphasizes that premature withdrawal of state support during consolidation phases 

can trigger regression, as seen in several post-Soviet coal regions. This phased 

approach offers transition economies a roadmap for managing structural change 

while maintaining social stability. 

The Chilean renewable energy case [23] presents a paradox of neoliberal energy 

transitions in a mining-dependent economy. Despite market-oriented reforms, the 

study finds that renewable energy growth has been driven by state-mediated power 

purchase agreements rather than pure market forces. This hybrid governance model 

combines price signals with strategic state coordination, challenging conventional 

dichotomies between state-led and market-driven transitions. The analysis suggests 

that transition economies may be developing distinct varieties of energy governance 
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that selectively incorporate neoliberal elements while retaining core state steering 

capacities. 

The regional variation in energy transition approaches reflects differing institutional 

starting points and resource endowments. Post-Soviet economies exhibit the 

strongest path dependencies, with energy systems still largely organized around 

Soviet-era infrastructure and supply chains. East Asian transition economies 

demonstrate more flexible adaptation, leveraging state-owned enterprises as 

vehicles for both fossil fuel and renewable energy investments. Central European 

cases show EU-induced convergence toward renewable energy targets, though 

implementation often reflects national political-economic realities rather than 

uniform policy templates. 

Environmental governance in transition economies faces particular challenges in 

policy coherence and implementation capacity. Many countries maintain 

fragmented institutional architectures where energy, environmental, and industrial 

policies operate in separate silos with limited coordination. This fragmentation 

stems from socialist-era administrative traditions that prioritized sectoral 

specialization over cross-cutting governance. Contemporary reforms struggle to 

overcome these legacy structures, resulting in policy inconsistencies that hinder 

effective climate action. The literature suggests that successful environmental 

governance in transition contexts requires building new institutional interfaces that 

can bridge traditional bureaucratic divides while maintaining sectoral expertise. 

The studies collectively highlight the centrality of state intervention in shaping 

energy transitions, even in ostensibly market-oriented reform contexts. Rather than 

witnessing a linear retreat of the state, transition economies demonstrate the 

evolution of state roles from direct ownership toward more nuanced forms of 

strategic guidance and risk management. This reconfiguration reflects both the 

enduring legacies of socialist planning and the adaptive responses to contemporary 

sustainability challenges. The research underscores that effective energy and 

environmental policies in transition economies must account for these complex 

institutional dynamics rather than importing idealized governance models from 

advanced economies. 

6 Welfare State Transformation and Employment 

Relations in Transition Economies 

The evolution of welfare states and employment relations in transition economies 

presents a complex landscape of institutional adaptation, where Bismarckian 

legacies intersect with post-socialist reform pressures and global labor market 

trends. These systems demonstrate distinct patterns of path dependency and policy 

innovation, reflecting the broader political-economic transformations occurring 

across transition contexts. The literature reveals how welfare regimes have 
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responded to dual challenges of economic liberalization and social stability 

maintenance, often through hybrid configurations that defy conventional welfare 

typologies. 

The examination of Bismarckian welfare state transformations [28] challenges 

linear narratives of neoliberal retrenchment in European transition economies. The 

study documents a paradoxical shift from early transition labor-shedding strategies 

to more recent employment-friendly reforms, reflecting adaptation to demographic 

pressures and EU integration requirements. This evolution demonstrates how 

traditional social insurance systems have been recalibrated rather than dismantled, 

with contribution-based benefits increasingly supplemented by active labor market 

policies. The analysis reveals particular tensions in pension systems, where 

parametric reforms have sought to maintain fiscal sustainability while preserving 

core Bismarckian principles of earnings-related benefits. 

The Austrian case study [45] provides a nuanced longitudinal analysis of welfare 

state development in a prototypical Bismarckian context. The research identifies 

ñJanus-facedò reform patterns since the 1970s, where conservative-corporatist 

structures have persisted despite significant institutional layering and policy 

recalibration. The study highlights how Austrian social partners have strategically 

adapted to economic globalization and EU constraints, maintaining their 

governance role through gradual rather than radical institutional change. This 

finding has important implications for advanced transition economies, suggesting 

that incremental adaptation may prove more sustainable than wholesale regime 

replacement in maintaining social cohesion during economic transformation. 

The analysis of transnational employment relations [21] examines how European 

integration has reshaped labor governance in transition economies. The study traces 

the growing importance of EU-level social dialogue and framework agreements, 

which have created new channels for labor influence beyond declining national 

corporatist structures. This transnationalization of employment relations presents 

both opportunities and challenges for transition economies, offering alternative 

governance mechanisms while potentially exacerbating implementation gaps 

between formal rules and workplace practices. The research particularly highlights 

how EU enlargement has facilitated policy transfer in areas like flexicurity, though 

with varying degrees of institutionalization across transition contexts. 

The comparative analysis of these studies reveals several key patterns in welfare 

state transformation. First, transition economies have generally maintained higher 

levels of social protection than predicted by early transition theories, though often 

through recalibrated rather than unchanged systems. Second, employment relations 

demonstrate increasing dualization, with core workers in formal sectors enjoying 

relatively stable protections while peripheral workers face precarious conditions. 

Third, EU integration has served as both a constraint on national policy autonomy 

and a catalyst for institutional modernization, particularly in Central European 

transition economies. 
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Country / 

Region 
Transition 

Type 
Key Institutional 

Feature 
Policy Cyclicality 

Pattern 
Main 

Outcome 

Variable 

Data 

Peri

od 

Albania Post-

communist 

(EU 

candidate) 

Pronounced budget 

cycles around 

elections 

Pre-electoral fiscal 

expansion 
Fiscal 

balance / 

GDP 

2005

ï

2023 

China Gradualist 

(one-party) 
State capitalism with 

SOE 

core + market 

periphery 

Five-year plan cycles; 

anticyclical FDI bursts 
Industrial 

output, 

GDP 

growth 

1990

ï

2024 

Vietnam Doi Moi 

reform 

(gradual) 

Developmental state; 

selective 

liberalisation 

RegulatoryŸdevelop

mental 

state oscillation 

FDI 

inflows, 

Export 

growth 

1986

ï

2023 

Poland Shock 

therapy 

(EU 

member) 

Inflation targeting; 

fiscal rule adoption 
Credibility paradox 

during GFC/COVID 
Inflation, 

Budget 

deficit 

1995

ï

2024 

Serbia Post-

conflict 

transition 

Weak institutions; 

high aid dependency 
Donor-driven cycles; 

SOE privatisation 

waves 

FDI, 

Regional 

GDP 

2000

ï

2022 

Kazakhst

an 
Resource-

rich 

Central 

Asia 

Oil revenue driven 

state capitalism 
Oil price-driven 

interventionism surges 
Oil 

revenues, 

SOE share 

2000

ï

2023 

Ukraine Conflict-

affected 

transition 

Oligarchic capture; 

reform reversals 
Post-Maidan reform 

cyclicality 
Rule of 

Law Index, 

FDI 

2014

ï

2024 

India Post-

colonial 

developme

ntal 

Industrial policy 

legacy 

(dirigismeŸliberalis

ation) 

Long-wave cycles 

(NehruvianŸNeolibe

ral) 

Manufactur

ing share, 

GDP per 

capita 

1950

ï

2024 

Chile Neoliberal 

energy 

transition 

Market-conforming 

energy regulation 
Renewable energy 

push 

post-2015 

CO  

intensity, 

Renewable 

share (%) 

2000

ï

2023 
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Austria Advanced 

welfare 

state 

Bismarckian welfare 

transformation 
Austerity cycles post-

GFC; 

green welfare 

expansion 

Social 

spending, 

Gini 

coefficient 

1990

ï

2024 

Table 1 

Country-Specific Findings 

Source: Prepared by the author based on the summary of country-level insights drawn from the 

reviewed literature. 

The governance of welfare and employment systems shows significant regional 

variation. Post-Soviet cases exhibit more fragmented and informalized systems, 

with weak social partner organizations and discretionary benefit allocation. Central 

European transition economies demonstrate greater institutional continuity, 

adapting rather than abandoning corporatist structures. East Asian transition cases 

present unique hybrids, combining elements of productivist welfare states with 

socialist-era commitments to universal basic protections. These differences 

underscore how welfare state transformation remains deeply embedded in broader 

political-economic contexts rather than converging toward a single model. 

 

# Theme Key Finding Countries Method Variables Studi

es (n) 

1 Political 

Business 

& Budget 

Cycles 

Pre-electoral 

fiscal 

expansions 

raise 

expenditure 

by 1.5ï3% 

GDP 

Albania, 

Poland, 

Ukraine 

Panel FE / 

OLS 

Elect. 

dummy, 

Fiscal 

balance 

  10 

2 State 

Capitalism 

& 

Governance 

SOE 

resurgence 

post-2012 in 

68% of 

reviewed 

transition 

economies 

China, 

Russia, 

Kazakhsta

n 

Case study, 

QCA 

SOE share, 

FDI, 

Privatisation 

index 

    9 

3 Industrial & 

Economic 

Policy 

Development

al state model 

outperforms 

regulatory 

state in 

China, 

Vietnam, 

India, S. 

Korea 

Comparati

ve 

historical 

Industrial 

output, 

R&D spend 

    8 
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medium-run 

growth 

4 Regional 

Dev. 

& 

Trajectories 

Subnational 

disparities 

persist; fiscal 

decentralisati

on reduces 

gaps 

Serbia, 

Ukraine, 

Central 

Asia 

Spatial 

panel, 

GIS 

Regional 

GDP, 

Remittances 

    7 

5 Fiscal & 

Monetary 

Governance 

Credibility 

paradox: IT 

regimes 

allow greater 

unconvention

al crisis 

latitude 

Poland, 

Czechia, 

Hungary 

VAR, 

VECM 

Inflation, 

Exchange 

rate, 

Debt/GDP 

   10 

6 Energy & 

Environmen

tal Policy 

Carbon lock-

in delays 

green 

transition; 

legacy SOE 

infrastructure 

key barrier 

Kazakhsta

n, 

Ukraine, 

Chile 

Event 

study, 

DiD 

CO  

intensity, 

Renewable 

share 

    8 

7 Welfare 

State & 

Employment 

Policy cycles 

negatively 

correlate with 

social 

transfer 

stability 

Austria, 

Serbia, 

Poland 

Panel OLS, 

Tobit 

Gini, Social 

spend, 

Unemploym

ent 

    6 

8 Research 

Trends 

& Methods 

Shift from 

qualitative 

(2018ï20) to 

quantitative 

(2021ï24); 

mixed-

methods 

scarce 

Cross-

regional 

Bibliometr

ic, 

SLR 

Citation 

count, 

Methodology 

type 

    4 
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Table 2. 

Eight Thematic Dimensions ï Key Findings 

Source: Each thematic cluster is mapped by the author to its core findings, representative countries, 

dominant methodologies, and primary variables identified in the reviewed literature. 

The studies collectively challenge simplistic dichotomies between path dependency 

and radical change in welfare state evolution. Instead, they reveal complex 

processes of institutional layering, where new policy elements are grafted onto 

existing structures, and conversion, where legacy institutions are repurposed to 

serve new functions. This perspective helps explain both the resilience of certain 

welfare state features and the emergence of innovative governance forms in 

transition contexts. The research suggests that successful welfare state adaptation 

requires balancing international policy learning with sensitivity to domestic 

institutional legacies and political-economic constraints. 

7 Discussion 

The synthesis of findings across the reviewed literature reveals several critical 

patterns that reshape our understanding of policy-oriented cyclicality and state 

interventionism in transition economies. Taken together, the studies consistently 

demonstrate that institutional transformation follows non-linear trajectories 

characterized by recursive adaptation rather than unidirectional convergence toward 

market-oriented models. This emergent pattern challenges early transition theories 

that predicted a straightforward evolution from planned to market economies, 

instead highlighting how socialist legacies interact with contemporary reform 

pressures to produce hybrid governance systems [35] [40]. The cyclical nature of 

policy interventions emerges as a defining feature across multiple domains, from 

fiscal governance to industrial policy, suggesting that transition economies oscillate 

between state activism and market liberalization in response to both endogenous 

political cycles and exogenous shocks [52] [56]. 

Theoretical implications of these findings necessitate a reconceptualization of state-

market relations in transitional contexts. The persistence of state capitalism models, 

particularly in strategic sectors, indicates that conventional dichotomies between 

interventionist and laissez-faire approaches fail to capture the nuanced realities of 

post-socialist development [54] [10]. Instead, an institutional bricolage framework 

better explains how transition economies selectively combine elements from 

socialist planning, neoliberal reforms, and developmental state models to address 

context-specific challenges. This theoretical lens helps reconcile seemingly 

contradictory findings, such as the coexistence of rigorous fiscal rules with 

discretionary industrial policies in advanced transition economies [55] [16]. The 

literature collectively suggests that successful institutional transformation depends 
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less on ideological purity than on pragmatic flexibility to experiment with diverse 

policy tools while maintaining core governance capacities. 

Practical implications for policymakers emerge most clearly in the domain of policy 

sequencing and institutional design. The reviewed studies consistently caution 

against rapid, comprehensive liberalization in weak institutional environments, as 

seen in the adverse outcomes of shock therapy approaches in some post-Soviet 

states [6] [51]. Instead, the evidence points toward the value of gradual, sector-

specific reforms that build on existing institutional capabilities while allowing for 

iterative policy learning. For instance, the success of East Asian transition 

economies in maintaining macroeconomic stability during global crises underscores 

the importance of preserving strategic state capacities even while pursuing market 

integration [33] [9]. Policymakers in transition contexts should prioritize building 

adaptive governance mechanisms that can modulate state intervention intensity 

according to shifting developmental needs and external conditions, rather than 

adhering rigidly to ideological prescriptions. 

The limitations of this review primarily stem from methodological constraints in 

the underlying literature. Geographic coverage remains skewed toward European 

transition economies, with relatively fewer studies examining Asian or post-conflict 

transition contexts in depth [55] [1]. This regional imbalance may obscure important 

variations in how different cultural and historical contexts shape policy cyclicality. 

Furthermore, the predominance of single-country case studies limits the 

generalizability of findings, while the scarcity of longitudinal research designs 

makes it difficult to distinguish between temporary policy fluctuations and enduring 

institutional transformations [19] [48]. Publication bias toward successful reform 

cases may also present an overly optimistic view of institutional adaptability, 

neglecting instances where policy cyclicality has led to developmental stagnation 

or regression. These limitations suggest that the reviewed literature may overstate 

the coherence and effectiveness of hybrid governance models in transition 

economies. 

Future research should address these gaps through several promising avenues. 

Comparative regional studies could systematically analyze how historical legacies, 

such as the type of socialist regime or decolonization experience, mediate 

contemporary policy cyclicality across transition contexts. There is particular need 

for research examining subnational variations in institutional adaptation, as most 

studies focus on national-level policies despite significant within-country disparities 

in reform implementation [29] [24]. Methodologically, more mixed-methods 

designs could bridge the current divide between macroeconomic analyses of policy 

cycles and micro-level studies of institutional change mechanisms. The 

development of transitional institutional theoryðdistinct from both post-socialist 

and developmental state frameworksðwould provide a stronger conceptual 

foundation for understanding the unique governance challenges of economies 

undergoing simultaneous political and economic transformations. Finally, the 

climate transition imperative presents an urgent research frontier, as transition 
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economies face the dual challenge of decarbonizing energy systems while 

maintaining social stability in historically industrial regions [60] [3]. 

The contradictions in the reviewed literature reveal fundamental tensions in 

transitional governance. While some studies emphasize the stabilizing role of EU 

integration in Central European transition economies [55] [53], others document 

how external constraints can exacerbate policy volatility by limiting domestic 

response options during crises [37] [5]. Similarly, the literature debates whether 

state capitalism represents a transitional phase or an enduring alternative 

development model, with evidence supporting both perspectives depending on 

sectoral and regional contexts [49] [54]. These contradictions suggest that the 

institutional transformation of transition economies remains an open-ended process, 

shaped by continuous negotiation between path dependencies and reform 

imperatives rather than movement toward a predetermined endpoint. 

The most striking gap in the literature concerns the social dimensions of policy 

cyclicality. While numerous studies analyze macroeconomic or industrial policy 

fluctuations, few examine how these cycles affect income distribution, social 

mobility, or intergenerational welfare [59] [46]. This neglect is particularly puzzling 

given the centrality of social stability concerns in transition policymaking, as 

evidenced by the political sensitivity of pension reforms and labor market 

adjustments. Future research should investigate how different social groups 

experience and influence policy cycles, potentially revealing important feedback 

mechanisms between distributional outcomes and institutional resilience. The 

understudied intersection between environmental and social policies in transition 

contexts also warrants attention, as climate adaptation measures may either 

exacerbate or mitigate existing inequalities depending on their design and 

implementation [20], [49].  

The reviewed studies collectively suggest that transition economies have developed 

distinctive approaches to managing the tension between policy stability and 

flexibility. Rather than viewing cyclicality as inherently problematic, some 

literature frames it as an adaptive response to the uncertainties of systemic 

transformation [19] [26]. This perspective invites reconsideration of how 

institutional quality is assessed in transitional contextsðmoving beyond static 

measures of policy consistency to evaluate dynamic governance capacities for 

managing cyclical pressures. The emergence of ñSwiss Army Knife Statesò that 

deploy diverse interventionist tools while maintaining rhetorical commitment to 

market principles [43] exemplifies this pragmatic adaptation, though its long-term 

sustainability remains uncertain. Understanding these nuanced governance 

innovations requires abandoning idealized typologies in favor of contextually 

grounded analyses that capture the complexity of real-world institutional evolution. 
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Conclusion 

This systematic review has examined the complex interplay between policy-

oriented cyclicality and state interventionism in transition economies, revealing 

institutional transformations that defy linear developmental narratives. The 

synthesis demonstrates that these economies exhibit adaptive hybridity rather than 

convergence toward pure market models, with cyclical policy shifts emerging as 

strategic responses to both domestic political dynamics and global economic 

pressures. The findings challenge conventional dichotomies between state and 

market governance, instead highlighting context-specific bricolage of institutional 

elements from socialist legacies, neoliberal reforms, and developmental state 

approaches. 

The practical implications underscore the importance of policy sequencing and 

institutional capacity-building in managing transitional challenges. Policymakers 

must balance short-term stabilization needs with long-term structural 

transformation, particularly in critical areas like energy transitions and social 

protection systems. Theoretically, the review calls for more nuanced frameworks 

that account for regional variations in institutional adaptation and the recursive 

nature of policy learning. Future research should prioritize comparative studies 

across under-examined regions, longitudinal analyses of institutional evolution, and 

investigations into the social distributional effects of policy cyclicality. By 

advancing these research agendas, scholars can better inform the design of resilient 

governance systems capable of navigating the complex realities of economic 

transition. 
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platforms. Despite its widespread adoption, the mechanisms that shape usersô trust, 

motivation, and behavioral intention remain insufficiently clarified in the literature. Hence, 

the aim of this study is to examine how perceived security and perceived privacy influence 

user trust in mobile banking, and how trust further affects motivation and behavioral 

intention. The study seeks to better understand how usersô perceptions shape their intention 

to continue using mobile banking services. The proposed structural model was empirically 

examined using partial least squares structural equation modeling (PLS-SEM) based on 

survey data collected from a sample of mobile banking users in Serbia. The findings provide 

practical implications for financial institutions and enhance understanding of mobile 

banking usage behavior. 
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1 Introduction  

The rapid digitalization of financial services has fundamentally transformed the way 

banking activities are delivered and consumed [1, 2]. Among these innovations, 

mobile banking (M-banking) has emerged as a prominent model of electronic 

banking, enabling customers to perform financial transactions through mobile 

devices in a flexible, real-time, and location-independent [3]. By integrating mobile 

technologies with digital financial infrastructures, mobile banking provides users 

with immediate access to account management, payments, transfers, and other 

banking services through dedicated applications [4]. As a result, mobile banking 

represents not merely a technological advancement, but a strategic shift in the 

banking sector toward customer-centric, technology-driven service delivery [3]. Its 

growing adoption reflects broader changes in consumer behavior, digital trust, and 

expectations regarding convenience, efficiency, and security in financial 

interactions [5, 6]. Many banks, both traditional and digital banks, apply mobile 

banking applications in their operations in order to reduce operating costs, while at 

the same time meeting the needs of clients and improving their services [7].   

Despite the widespread adoption of mobile banking and its strategic importance for 

financial institutions, the determinants of usersô continued engagement with these 

services remain insufficiently clarified. While prior research has extensively 

examined initial adoption of mobile banking, less attention has been devoted to 

understanding the underlying mechanisms that shape trust formation and post-

adoption behavioral intention. In particular, the interplay between perceived 

security, perceived privacy, and trust continues to generate inconsistent findings, 

especially in emerging digital markets such as Serbia. Given that financial services 

inherently involve high levels of perceived risk, understanding how users interpret 

security and privacy issues is critical for explaining sustained usage behavior. In 

response to these gaps, this study seeks to investigate the structural relationships 

between perceived security, perceived privacy, user trust, motivation, and 

behavioral intention in the context of mobile banking. More specifically, the 

research aims to examine how usersô risk-related perceptions influence the 

development of trust and how trust subsequently shapes motivational factors and 

the intention to continue using mobile banking services. By focusing on continuance 

rather than mere adoption, the study contributes to a deeper understanding of long-

term user engagement in digital financial environments. 

To empirically test the proposed conceptual framework, partial least squares 

structural equation modeling (PLS-SEM) was employed. The analysis is based on 

survey data collected from a sample of mobile banking users in Serbia. This 

methodological approach enables the simultaneous examination of multiple 

structural relationships and provides robust insights into the direct and indirect 

effects among the studied constructs. 
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2 Literature review  

Mobile banking is defined as a channel through which the client communicates with 

the bank via a mobile device. This form of banking is considered a revolutionary 

advance which it combines mobile technological advances with financial and 

commercial services. Mobile banking is considered very important for banking 

institutions, as it allows them to expand their services, increases their competitive 

advantage, offers clients services with added value and enables a modern and 

interactive channel of communication with them [8].   

In recent years, substantial research has examined the factors influencing user 

behaviour and satisfaction with mobile banking. Previous studies indicate that 

mobile banking adoption is affected by affective commitment, loyalty, satisfaction, 

trust, and service quality. Empirical research in Iran analysed how affective 

commitment, loyalty, intention to revisit, number of visits, profitability, and 

customer involvement influence user satisfaction. The results showed that most of 

these factors had a positive impact on satisfaction, while trust did not have a 

statistically significant effect. These findings highlight the importance of 

identifying determinants that shape the relationship between banks and their 

customers in the context of mobile banking [9].  

A similar analysis of factors influencing mobile banking usage was conducted in 

Saudi Arabia using an integrated framework that combined the UTAUT2 model and 

the DeLone and McLean Information Systems Success Model. The results 

demonstrated that customer satisfaction and loyalty are strongly influenced by 

performance expectancy, facilitating conditions, habits, and system and service 

quality. Loyalty was identified as a key determinant of continued mobile banking 

usage [10].  

Further research examining the impact of mobile banking on user performance and 

customer perceptions integrated the DeLone and McLean Information Systems 

Success Model, the Task-Technology Fit model, and Hofstedeôs cultural 

dimensions of individualism and uncertainty avoidance. The findings indicated that 

system, information, and service quality positively influence mobile banking 

adoption, while cultural factors moderate the relationship between technology use 

and individual performance [11].  

Additionally, studies conducted in Jordan investigated the factors influencing 

mobile banking adoption using an extended UTAUT2 model incorporating trust. 

The results showed that behavioural intention significantly affects performance 

expectancy, effort expectancy, satisfaction, monetary value, and trust. Trust was 

identified as a crucial factor for mobile banking adoption, particularly in regions 

where new technologies are not yet widely accepted [12].  

These studies make it clear that trust and user satisfaction are the two most 

important factors in mobile banking, while system and service quality, information 
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quality, affective commitment, and loyalty further influence user behaviour and 

individual performance. These findings provide a basis for future research on how 

security and privacy contribute to the creation of trust and satisfaction among 

mobile banking users.  

2.1 Research hypotheses 

Security is a broad term that refers to various factors, techniques and technologies 

used to protect sensitive and private data. Security in terms of account security and 

security layers of the mobile banking platform can determine the intention of the 

user's behavior. Privacy and anonymity are very important for e-commerce users. 

Given that privacy refers to the protection of personal data of mobile banking users, 

it is closely related to the intention of their behavior when using mobile banking. 

Closely related to privacy is trust, which reflects the user's belief that the mobile 

banking system will securely handle their personal and financial information, and 

act reliably and transparently. Motivation can be defined as fun or enjoyment gained 

from using technology, which has been shown to be important in the acceptance 

and use of technology. When users find that the technology they are using brings 

them happiness, fun, entertainment, comfort and enjoyment, they do not want to 

trade their technology for another. Behavioral intention plays a major role in the 

acceptance of new systems. The adoption of mobile banking can be predicted based 

on the willingness of users to adopt such a system [13, 14].  

Perceived security is widely recognized as a critical determinant of trust in digital 

financial services, as users must believe that transactions and personal data are 

adequately protected against potential threats [15, 16].  In mobile banking contexts, 

perceived security reduces uncertainty and perceived risk, both of which are central 

factors in trust formation [6]. When users feel that technological safeguards are 

robust and reliable, they are more likely to develop confidence in the service 

provider. Based on these theoretical arguments and prior empirical findings, the 

following hypothesis is proposed: 

H1: Perceived security has a positive effect on user trust in mobile banking services. 

Privacy concerns represent a significant issue in digital financial environments due 

to the sensitivity of personal and financial information involved [17]. Prior research 

suggests that usersô perceptions regarding the protection and appropriate handling 

of their personal data significantly influence trust in online and mobile services [6, 

16]. When users perceive that their privacy is safeguarded and data misuse is 

unlikely, their trust in the platform increases. Drawing on this stream of research, 

the following hypothesis is formulated: 

H2: Perceived privacy has a positive effect on user trust in mobile banking services. 

Trust functions as a fundamental relational mechanism that enhances usersô 

psychological comfort and reduces perceived uncertainty in digital interactions 
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[18]. In technology-mediated environments, higher levels of trust not only increase 

acceptance but also strengthen usersô intrinsic engagement and motivational 

orientation toward the service [15].  In the context of mobile banking, trust may 

foster a more positive user experience, thereby enhancing usersô motivation to 

continue using the service. Accordingly, the following hypothesis is proposed: 

H3: User trust has a positive effect on motivation to use mobile banking. 

Motivation, particularly intrinsic or motivation, has been identified as a strong 

predictor of behavioral intention in technology acceptance research [14]. When 

users experience enjoyment, satisfaction, or personal value while using a digital 

service, their intention to continue using it significantly increases [5]. In mobile 

banking contexts, motivational factors may therefore serve as a direct driver of 

continued usage intention. Based on these theoretical considerations, the following 

hypothesis is developed: 

 

H4: Motivation has a positive effect on behavioral intention to use mobile banking. 

 

Based on the theoretical review of the literature and defined hypotheses, Figure 1 

shows the research model.  

 

 

Figure 1 

Research model (Authors) 

3 Methodology  

In the methodology section, the research model is presented and described, the data 

collection procedure is outlined, and the methodological framework used to validate 

the proposed research model is detailed. 
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3.1 Sampling and date collection  

The empirical data for this study were obtained through an online survey conducted 

among 174 mobile banking users in Serbia. Responses were recorded using a five-

point Likert scale. The questionnaire used in this study was developed based on 

previously validated measurement scales reported in the relevant literature [14, 19, 

20, 21, 22], ensuring the conceptual alignment and content validity of the constructs 

included in the research model. The questionnaire consisted of two parts. The first 

part included seven questions related to the demographic characteristics of the 

respondents. The second part of the questionnaire contained statements designed to 

measure the following constructs: Perceived Security (PS) with 2 items, Perceived 

Privacy (PP) with 4 items, Trust (TR) with 4 items, Motivation (M) with 3 items, 

and Behavioural Intention (BI) with 3 items. 

Within the framework of descriptive statistics, data related to the demographic 

profile of the respondents were processed, such as: gender, age, experience in using 

M-banking, experience in using mobile phones, level of education, monthly income, 

frequency of using M-banking services. In the sample of 174 respondents, 54 were 

male (28.1%) and 120 were female (62.5%). The largest group of respondents were 

aged 18-25, representing 50% of the total. The next largest group were aged 26-35, 

accounting for 27.6%, followed by those aged 36-45 with 9.4%. The age groups 46-

55 and 55 and older had the lowest participation, with 2.1% and 1.6% respectively, 

which may be attributed to lower information literacy in these age groups.  

Regarding experience with M-banking, 45 respondents had up to 1 year of 

experience (23.4%), 104 had 1-5 years (54.2%), and 25 had more than 5 years 

(13%). In contrast, experience with mobile phone use was significantly higher: 142 

respondents, or 74%, reported a very high level of experience, 15.6% reported a 

medium level, and 1% reported a low level. In terms of education, the largest 

proportion of respondents had completed university (50.5%), followed by those 

with completed high school (24%), those with a masterôs degree (13%), and those 

with a doctorate. All analyses were conducted using IMB SPSS Statistics v.24.0 and 

SmartPLS v.4 software packages [23]. 

3.2 Partial least squares structural equation modeling (PLS-

SEM)  

Structural Equation Modeling (SEM) is a statistical technique used to analyze 

relationships between latent constructs and observed variables. One of the 

approaches within SEM is Partial Least Squares (PLS-SEM), which is variance-

based and suitable for predictive research models. Over the past decade, it has 

become increasingly popular. The analysis is divided into two parts: the 

measurement model and the structural model. The measurement model assesses the 

reliability and validity of constructs. Reliability is evaluated using Cronbachôs 

alpha, and Composite Reliability (CR), with values above 0.70 considered 
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acceptable. However, Cronbachôs alpha values above 0.60 may also be acceptable 

in exploratory research, as suggested by [24]. Convergent validity is assessed with 

factor loadings and Average Variance Extracted (AVE), which should exceed 0.70 

and 0.50, respectively. Discriminant validity ensures constructs are distinct and can 

be tested using the HTMT ratio, which should be below 0.90 [25]. The structural 

model examines relationships between constructs using path coefficients (ɓ) and the 

coefficient of determination (RĮ), which indicates how much variance in a 

dependent variable is explained by the model [26]. PLS is particularly useful for 

studies with small sample sizes, complex models, or non-normal data, and allows 

testing of both measurement and structural aspects [27]. The PLS-SEM approach 

has been used in numerous studies [4, 5, 6, 10, 11, 12]. 

4 Results and discussion 

The analysis proceeds with the assessment of the measurement model to establish 

reliability and validity, followed by the evaluation of the structural model to test the 

proposed hypotheses. Table 1 shows the results of the measurement model (Factor 

Loadings, Cronbachôs alpha (C♪), Composite reliability (rhoa), Composite 

reliability (rhoc) and AVE), while Table 2 presents the results of the Fornellï

Larcker criterion and the HTMT matrix. Table 3 displays the results of the tested 

hypotheses. 
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Construct Items Loadings 

Cronbachôs 

alpha 

(C♪)a 

Composite 

reliability 

(rhoa)b 

Composite 

reliability 

(rhoc)c 

(AVE)d 

Perceived 

Security (PS) 

PS_1 

PS_2 

 

0.791 

0.919 

 

0.654 0.739 0.847 0.735 

Perceived 

Privacy (PP) 

PP_1 

PP_2 

PP_3 

PP_4 

0.788 

0.900 

0.874 

0.769 

0.853 0.864 0.901 0.696 

Trust (TR) TR_1 

TR_2 

TR_3 

TR_4 

0.863 

0.805 

0.890 

0.841 

0.872 0.879 0.912 0.723 

Motivation 

(M) 

M_1 

M_2 

M_3 

0.839 

0.922 

0.833 

0.833 0.844 0.899 0.749 

Behavioural 

Intention (BI) 

BI_1 

BI_2 

BI_3 

0.861 

0.875 

0.908 

0.856 0.856 0.913 0.777 

Notes: aC♪Ó0.70;  brhoa Ó0.70; crhoc Ó0.70; dAVEÓ0.50;  

Table 1 

Construct reliability and validity (Authors) 

In Table 1 the Cronbach's alpha coefficient for the Perceived Security indicator 

(0.654) is slightly below the recommended threshold of 0.70. However, the other 

reliability indicators (rhoa = 0.739 and rhoc = 0.847) and the convergent validity 

indicator (AVE = 0.735) exceed the recommended thresholds. For all other 

constructs in the model the values of Cronbachôs alpha (C♪), Composite reliability, 

(rhoa), Composite reliability (rhoc) and AVE are within acceptable limits, 

confirming the adequate reliability and validity of the measurement model. 
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Fornell-Larcker criterion 

 (1) (2) (3) (4) (5) 

Behavioural Intention (1) 0.881     
Motivation (2) 0.583 0.856    
Perceived Privacy (3) -0.138 -0.188 0.834   
Perceived Security (4) -0.261 -0.190 0.644 0.857  

Trust (5) 0.413 0.475 -0.561 -0.421 0.850 

HTMT matrix 

      

Behavioural Intention (1) -     

Motivation (2) 0.677     
Perceived Privacy (3) 0.162 0.214    
Perceived Security (4) 0.364 0.264 0.867   
Trust (5) 0.470 0.550 0.645 0.527 - 

Table 2 

Discriminant validity (Authors) 

The results of the Fornell-Larcker criterion and HTMT analysis indicate that 

discriminant validity is satisfied for all constructs. In the Fornell-Larcker table, the 

square roots of the AVE are higher than the correlations between constructs, while 

all HTMT values are below the 0.90 threshold, confirming that each construct is 

distinct and measures a separate theoretical concept. 

Table 3 and Figure 2 illustrate the estimated structural model and the results of 

hypothesis testing obtained through a bootstrapping procedure with 5000 resamples. 

The presented path coefficients indicate both the strength and direction of the 

relationships among the constructs, whereas the associated p-values provide 

evidence of their statistical significance. 

 

Construct 

Path 

coefficient 

(ɓ) 

t-

statistics 

p-value 

(p) * 
VIF R2 Remark 

H1 PS Ÿ TR -0.097 0.919 0.358n.s 1.710 0.321 Rejected 

H2 PP Ÿ TR -0.497 4.839 0.000 1.710 0.321 Rejected 

H3 TR Ÿ M 0.477 5.684 0.000 1.000 0.226 Accepted 

H4 M Ÿ BI 0.583 9.893 0.000 1.000 0.340 Accepted 

*  significant at level Ò 0.001; n.s.non-significance 

Table 3  

Hypotheses Testing Results (Authors) 
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Figure 2 

Results of structural model analysis (Authors) 

Perceived Security does not have a statistically significant impact on Trust (ɓ =       -

0.097, t = 0.919, p > 0.005). The weak negative path coefficient is not statistically 

significant, indicating that the hypothesis H1, which posits that perceived security 

positively influences trust, is not supported. Likewise, although the effect of 

perceived privacy on trust is statistically significant, the relationship is negative (ɓ 

= -0.497, t = 4.839, p < 0.001), indicating that higher privacy concerns reduce user 

trust in mobile banking services. Therefore, H2 is not supported. The result indicates 

that privacy perceptions play a crucial role in trust formation, but primarily through 

risk and concern mechanisms rather than perceived protection. This finding is not 

entirely aligned with previous research, which highlights security and privacy as 

important determinants of trust in digital financial services [6, 15, 18]. Earlier 

studies indicate that when users perceive strong data protection and secure 

transactions, their trust in the service increases. However, the current findings may 

imply that users see security and privacy as standard features of mobile banking 

services, which diminishes their direct impact on trust development. 

The results of the structural model reveal that trust exerts a positive and statistically 

significant effect on motivation (ɓ = 0.477, t = 5.684, p < 0.001), thereby supporting 

the proposed hypothesis H3. This finding indicates that higher levels of user trust 

in mobile banking services contribute to increased motivation to use such services. 

Furthermore, motivation demonstrates a strong, positive influence on behavioural 

intention (ɓ = 0.583, t = 9.893, p < 0.001), representing the strongest relationship in 

the model. This result suggests that motivated users are substantially more likely to 

continue using mobile banking services. The hypothesis H4 proposing a positive 

effect of motivation on behavioural intention is therefore strongly supported, 

highlighting motivation as a central predictor of continuance intention. These 

findings are consistent with the technology acceptance literature, particularly 
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UTAUT2 [14], which highlights the role of motivational factors in shaping 

behavioural intention. Furthermore, previous studies in mobile banking contexts 

emphasise the importance of trust in strengthening user engagement and continued 

usage [5, 12, 16]. The results, therefore, support the view that psychological and 

motivational mechanisms play a central role in explaining behavioural intention. 

 

Conclusion 

Mobile banking has become an integral component of contemporary financial 

systems, fundamentally transforming the way individuals access and manage 

financial services. In this context, the aim of this study was to examine how 

perceived security and perceived privacy influence user trust in mobile banking and 

how trust subsequently affects motivation and behavioral intention. The study 

sought to provide a deeper understanding of the mechanisms through which usersô 

perceptions shape their intention to continue using mobile banking services. The 

empirical findings indicate that trust represents a central construct within the 

proposed model, exerting a positive and statistically significant effect on user 

motivation, which in turn emerges as the strongest predictor of behavioral intention. 

These results confirm that trust operates as a key psychological driver that enhances 

motivational engagement and strengthens continuance intention. In contrast, 

perceived security and perceived privacy did not demonstrate a significant direct 

positive influence on trust, suggesting that technical attributes alone may not be 

sufficient to reinforce usersô confidence in mobile banking services. The findings 

imply that the overall user experience, encompassing confidence, perceived 

reliability, and motivational engagement, plays a more decisive role in shaping 

behavioral outcomes than isolated security or privacy measures. From a theoretical 

perspective, this study contributes to the literature by empirically validating the 

mediating role of motivation in the relationship between trust and behavioral 

intention, thereby advancing existing models of digital service adoption and 

continuance behavior. By examining these relationships within the context of 

Serbia, the study enriches the understanding of mobile banking adoption in 

transition economies that remain underrepresented in prior research. From a 

practical standpoint, the results suggest that banks should prioritize the development 

of trustworthy and engaging mobile platforms that enhance usersô confidence and 

motivation rather than relying exclusively on communicating technical security 

features. Despite its contributions, the study is limited by its sample size and by the 

fact that the empirical analysis was conducted within a single national context, 

which may constrain the broader generalizability of the findings. Future research 

should therefore consider larger and more diverse cross-national samples and 

incorporate additional determinants such as usability, system performance, service 

quality, price value, and social influence in order to provide a more comprehensive 

understanding of the factors shaping trust and behavioral intention in mobile 

banking environments. 
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Abstract: The event-driven billing model of Serverless Computing introduces a vulnerability 

known as Economic Denial of Sustainability (EDDoS), or Denial of Wallet (DoW), in which 

adversaries exploit auto-scaling to inflict financial damage without triggering conventional 

availability alerts. Recent supervised approaches have achieved detection accuracies up to 

99.90%, yet depend on labelled attack data and typically operate on network-layer or system-

layer metrics rather than billing-layer signals. This paper identifies the predominance of 

supervised, offline, non-billing-centric approaches as a gap and proposes a conceptual 

framework exploring unsupervised anomaly detection, specifically Isolation Forest applied 

to billing telemetry, as a complementary approach. The framework operates asynchronously 

and employs graduated response orchestration. Preliminary validation on a public DoW 

benchmark dataset demonstrates 91.47% precision and an AUC-ROC of 0.671 without 

exposure to attack labels during training. The trade-offs between supervised accuracy and 

unsupervised practicality are discussed. 

Keywords: Economic Denial of Sustainability, Denial of Wallet, Serverless Computing, 

Function-as-a-Service, Cloud Security, Anomaly Detection, Machine Learning 

1 Introduction  

The paradigm of serverless computing has fundamentally restructured the 

economics of cloud infrastructure. Function-as-a-Service (FaaS) platforms such as 

AWS Lambda, Google Cloud Functions, and Microsoft Azure Functions enable 
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developers to deploy event-driven applications with a granular pay-per-use billing 

model, charging exclusively for compute resources consumed during function 

execution [1], [2], [3]. For enterprise decision-makers, this shift transforms 

infrastructure cost from a fixed budget line into a variable expense directly coupled 

to application demand. However, the very properties that deliver this efficiency 

(automatic horizontal scaling, event-driven invocation, and usage-based billing) 

simultaneously introduce financial vulnerabilities with no precedent in traditional 

cloud deployments. An adversary can trigger arbitrary financial expenditure on the 

victimôs account simply by generating sufficient invocations [4]. This attack vector, 

termed Economic Denial of Sustainability (EDDoS) or Denial of Wallet (DoW), 

targets the victimôs financial sustainability rather than service availability [5], [6]. 

The distinction has profound implications for defence. Traditional DDoS attacks 

produce observable symptoms such as service degradation, latency, and resource 

saturation, which trigger well-understood alerting mechanisms [7]. EDDoS attacks, 

by contrast, exploit the fact that the serverless platform continues to function 

correctly: the application remains responsive, SLAs are met, and no alarm is raised. 

The damage manifests solely in the billing statement, potentially days or weeks after 

the attack [4], [8]. 

Recent supervised approaches have achieved impressive detection accuracies: 

97.98% for DoWNet [9] and 99.90% for Neural ODE models [10]. However, these 

methods share common characteristics: they require labelled attack data, operate on 

network-layer or system-layer metrics rather than billing-layer signals, and are 

generally designed for offline analysis [11], [12]. The ñleechò attack variant, which 

operates at traffic volumes indistinguishable from legitimate usage [4], poses 

particular challenges for systems depending on pre-labelled patterns. 

This paper contributes a critical analysis of the gap between current detection 

paradigms and the financial threat model of serverless EDDoS. The primary 

contribution is a conceptual framework arguing for a shift from availability-centric, 

network-layer monitoring toward cost-centric, billing-layer anomaly detection 

using lightweight unsupervised machine learning, in particular Isolation Forest [14]. 

The intent is not to displace high-accuracy supervised methods, but to investigate 

whether an unsupervised, cost-aware approach can provide useful detection 

capability for organisations whose production traffic diverges from available 

benchmark datasets. The remainder of this paper is structured as follows: Section 2 

reviews the relevant literature, Section 3 presents the proposed framework, Section 

4 reports preliminary validation, Section 5 discusses implications and limitations, 

and Section 6 concludes. 
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2 Literature Review 

2.1 Serverless Computing and the FaaS Billing Model 

Serverless computing abstracts infrastructure management to an unprecedented 

degree, characterised by automatic scaling, pay-per-use billing, and built-in fault 

tolerance [1], [2]. The billing granularity of major FaaS platforms operates at the 

millisecond level; each function invocation generates a discrete billable event 

regardless of whether it serves a legitimate user or an attacker. Taibi et al. [15] and 

Shafiei et al. [16] identify this billing model as both the primary economic 

advantage and the principal attack surface of serverless architectures. Cold start 

latency optimisations [17], [18] further reduce the cost barrier for attackers by 

ensuring malicious invocations are processed more efficiently. 

2.2 Economic Denial of Sustainability: Attack Taxonomy 

The concept of EDDoS was first articulated for general cloud computing [19], with 

early mitigation efforts (EDoS-Shield [20], EDoS Armor [21], in-cloud scrubbing 

[22], EDoS-ADS [23]) focusing on IaaS environments using cryptographic puzzles, 

CAPTCHAs, or IP-based filtering [24], [25]. The transition to serverless-specific 

Denial of Wallet (DoW) attacks was formalised by Kelly et al. [4], who established 

a critical taxonomy: flood attacks (high-volume, short-duration bursts) and leech 

attacks (low-rate, long-duration invocations indistinguishable from legitimate 

usage). 

Subsequent work has expanded the attack landscape. Bremler-Barr et al. [5] 

demonstrated the Yo-Yo attack exploiting auto-scaling oscillation, Xiong et al. [6], 

[26] introduced the Warmonger attack via shared egress IP pools, and Bremler-Barr 

and Czeizler [27] extended this with the Tandem attack on microservices. Mileski 

and Mihajloska [8] characterised distributed DoW amplification across multiple 

endpoints, while Joshi et al. [28] contributed a high-fidelity simulated dataset 

addressing the scarcity of real-world DoW data. 

2.3 Limitations of Existing Detection Mechanisms 

Current detection approaches can be categorised into threshold-based monitoring, 

supervised machine learning, and hybrid approaches. Trinh Dinh and Park [13] 

proposed LSTM-based dynamic thresholds for EDoS detection in SDN-based 

clouds, later extending this with GANs [29], though both operate at the network 

level and carry substantial computational overhead for serverless contexts. 
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Among supervised approaches, Kelly et al. [9] proposed DoWNet, converting 

serverless traffic logs into heat map representations classified by CNN, achieving 

97.98% accuracy. However, the approach requires labelled data from their DoW 

Test Simulator [28] and aggregates one month of traffic into a single image, 

potentially limiting sensitivity to short-duration attacks. Mitra et al. [10] achieved 

99.90% accuracy using Neural ODEs with Liquid Time Constants, though 

computational requirements may challenge latency-sensitive deployments. Hossain 

et al. [11] demonstrated effective feature selection with Random Forest classifiers 

(99.45% recall on UNSW-NB15), targeting general cloud EDoS rather than 

serverless-specific patterns. Additional supervised approaches include deep wavelet 

networks [12], ML-based feature engineering [30], attribute reduction with deep 

learning [31], and comparative evaluations of supervised algorithms [32]. 

Sommer and Paxson [33] provide a foundational critique arguing that the ñclosed 

worldò assumption, where training data represents all possible traffic patterns, is 

violated in real-world deployments. In serverless environments, where workload 

patterns are non-stationary and the cost asymmetry between false negatives and 

false positives is acute, this limitation warrants consideration regardless of the 

learning approach chosen. 

The dominant detection approaches share three characteristics: they predominantly 

employ supervised learning, operate on network-layer or system-layer metrics, and 

are evaluated in offline settings. To the best of our knowledge, no existing work 

applies unsupervised anomaly detection directly to billing-layer telemetry in 

serverless environments. This gap is significant: billing signals are the most direct 

indicator of EDDoS impact, and unsupervised methods could serve organisations 

whose production workloads differ from available benchmarks. The framework 

proposed in Section 3 addresses this gap. 

2.4 Anomaly Detection and Unsupervised Learning 

Chandola et al. [34] provide a comprehensive taxonomy of anomaly detection 

techniques (point, contextual, and collective anomalies), all relevant to EDDoS 

detection. Isolation Forest [14], based on the principle that anomalous data points 

are easier to isolate through random partitioning, offers a compelling foundation: 

its linear time complexity O(t Ŀ n Ŀ log ɣ), where ɣ is the sub-sampling size, and 

low memory footprint make it suitable for deployment alongside serverless 

monitoring infrastructure, unlike density-based methods requiring computation of 

pairwise distances. 
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3 Proposed Theoretical Framework 

3.1 Design Principles 

The proposed framework is grounded in four design principles, intended not to 

replace supervised approaches [9], [10] but to define a complementary direction for 

scenarios where labelled data is unavailable. 

Principle 1: Cost-centric monitoring. Detection must operate on billing-layer 

signals (invocation count, execution duration, memory allocation, estimated cost) 

rather than network-layer metrics, aligning detection with the actual target of the 

attack.  

Principle 2: Asynchronous analysis. Anomaly detection must be decoupled from 

the request-processing pipeline, consuming telemetry data asynchronously after 

function execution completes.  

Principle 3: Unsupervised learning. The detection model should not depend on 

the transferability of externally generated labels. Models trained on simulated traffic 

[28] may not generalise to production workloads with different invocation patterns 

and seasonal demand cycles. Unsupervised learning establishes baselines directly 

from operational data, though this assumes the training period adequately represents 

normal behaviour.  

Principle 4: DevOps compatibility. The framework must integrate into existing 

CI/CD pipelines and cloud-native monitoring stacks without requiring 

modifications to application code [35], [36]. 

3.2 Framework Architecture  

The proposed architecture, depicted in Figure 1, consists of three logically distinct 

layers. 
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Figure 1 

Proposed three-layer framework for cost-aware EDDoS detection. 

The Telemetry Collection Layer aggregates three categories of metadata via 

existing cloud-native observability services (e.g., AWS CloudWatch, Azure 

Monitor): API Gateway logs (request source, method, path, timestamp), function 

execution metrics (invocation count, duration, memory utilisation, cold start 

frequency), and billing telemetry (real-time cost accumulation). Crucially, this layer 

does not inspect request payloads, preserving privacy and performance. 

The Anomaly Detection Layer processes collected telemetry through a feature 

engineering module constructing temporal feature vectors: rolling averages of 

invocation rate, cost-per-invocation distributions, execution duration percentiles, 

and cross-function correlation matrices. Two complementary mechanisms are 

proposed. First, Isolation Forest [14] performs point anomaly detection, selected for 

its sub-linear time complexity and absence of density estimation requirements [34]. 

The model is trained exclusively on historical normal-operation data, establishing a 

baseline cost profile. Second, temporal pattern analysis detects slow-onset ñleechò 

attacks [4] by computing derivatives of the cost accumulation curve and comparing 

against seasonal baselines. 

The Response Orchestration Layer assigns composite risk scores integrating 

anomaly severity, estimated financial impact, and detection confidence, then applies 

graduated countermeasures: enhanced monitoring for low-risk anomalies, adaptive 

rate limiting for medium-risk, and automated budget circuit breakers for high-risk 

detections. This graduated approach avoids the binary accept/reject decisions of 

traditional WAF rules [4]. 
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3.3 Comparison with Existing Approaches 

Table 1 positions the proposed framework against existing approaches. The key 

differentiators are unsupervised learning, cost-centric monitoring, and 

asynchronous processing. 

 

Approach Learning 

Type 

Target 

Layer 

Labels 

Req. 

Server-

less 

Perf. 

EDoS-Shield [20] Rule Network No No ð 

EDoS-ADS [23] Rule Network No No ð 

Trinh & Park [13] Sup. Network Yes No ð 

DoWNet [9] Sup. App. Yes Yes 97.98% 

Neural ODE [10] Sup. System Yes Yes 99.90% 

I-MPaFS [11] Sup. Network Yes No 99.45%À 

Proposed Unsup. Billing No Yes 66.77%ÿ 

Perf. = Accuracy unless noted. ÀRecall on UNSW-NB15. ÿAcc. at c=0.50; Prec. 91.47%, AUC 0.671. 

Table 1 

Characteristics of EDDoS/DoW detection approaches. 

 

4 Preliminary Validation  

A preliminary experiment was conducted using Isolation Forest on the publicly 

available DoW dataset generated by Kelly et al.ôs DoWTS simulator [4], [28]. The 

dataset contains 187,087 records of serverless function invocations, labelled as 

legitimate (56,015 records, 29.9%) or attack traffic (131,072 records, 70.1%), with 

12 system-level features spanning invocation timing, function execution, and 

infrastructure metrics. Six additional cost-centric features were engineered, 

including a billing cost proxy (FunctionDuration Ĭ vmmemorybucket), cost-per-

round-trip-time, and invocation intensity. These 18 features were standardised prior 

to training. 

The experiment followed a strictly unsupervised protocol: Isolation Forest was 

trained exclusively on legitimate traffic (70% of legitimate subset; n = 39,210), with 

no attack labels used. Evaluation was performed on the remaining 30% of legitimate 

traffic (n = 16,805) and all attack traffic (n = 131,072), totalling 147,877 test 

records. Table 2 summarises results across three contamination parameter settings 

(c). The model used 200 estimators and a sub-sampling size of 512. 
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c Acc. Prec. Recall F1 AUC FPR 

0.30 55.39% 93.37% 53.48% 0.680 0.671 29.6% 

0.40 62.02% 92.38% 62.29% 0.744 0.671 40.1% 

0.50 66.77% 91.47% 68.94% 0.786 0.671 50.2% 

Table 2. 

Isolation Forest detection performance on the DoW dataset [28] under unsupervised training (no attack 

labels used). c denotes the contamination parameter. 

Precision remains consistently high (91ï94%) across all configurations, indicating 

that flagged anomalies are correct over nine times out of ten, which is valuable 

where false positives carry direct business cost. The AUC-ROC of 0.671, while 

substantially below supervised accuracies (97ï99%), represents detection 

meaningfully above chance (0.5) achieved without attack labels. The contamination 

parameter provides operators a tunable knob to balance missed detections against 

false alarms. Two caveats apply: the dataset contains system-level features rather 

than billing-layer telemetry, and the 70.1% attack ratio does not reflect production 

conditions where attacks constitute a small minority of traffic. 

5 Discussion 

The proposed framework explores an alternative detection paradigm at the 

intersection of cloud security and financial risk management. By shifting the 

detection target from network-layer metrics to billing-layer signals, it foregrounds 

the insight that EDDoS is fundamentally an economic attack [4]. The preliminary 

validation provides initial empirical support: an unsupervised Isolation Forest 

achieved 91.47% precision and an AUC of 0.671 without attack labels during 

training. 

The unsupervised approach trades the high accuracy of supervised methods 

(97.98% for DoWNet [9], 99.90% for Neural ODE [10]) for independence from the 

assumption that externally generated labels transfer reliably to the target 

environment. The relevant question is not which paradigm is superior in absolute 

terms, but under what operational conditions each is preferable. Organisations 

whose workloads closely resemble available benchmarks [28] may be better served 

by supervised approaches; unsupervised methods may better suit organisations 

deploying novel or heterogeneous serverless applications where the gap between 

simulated training conditions and production reality is wide. 

The asynchronous architecture preserves serverless performance characteristics by 

consuming telemetry after function execution rather than inspecting requests inline 

[17], [18]. However, this introduces detection latency: for slow-onset leech attacks, 
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significant financial damage could accrue before an alert is raised. The graduated 

response model recognises that blocking legitimate invocations has direct business 

impact, requiring risk-scoring that accounts for anomaly severity, financial 

exposure, and detection confidence. 

From an enterprise management perspective, EDDoS represents a risk class 

between traditional IT security and financial governance. EDDoS attacks may only 

surface during end-of-month billing reconciliation, often well after mitigation is 

possible. The framework is deliberately lightweight, reusing existing cloud-native 

observability services to lower adoption barriers for organisations with limited 

security budgets. The choice between supervised and unsupervised paradigms is 

ultimately a risk management decision shaped by organisational context, workload 

maturity, and acceptable financial exposure. 

A methodological consideration warrants explicit discussion. The preliminary 

validation employs system-level features from the DoW dataset rather than raw 

billing telemetry obtained from a cloud provider. Beyond the absence of publicly 

available billing-layer datasets for EDDoS research, this choice rests on a structural 

property of serverless pricing: billing in FaaS environments is a deterministic 

function of the system-level metrics already captured in the dataset. Invocation 

count, execution duration, and allocated memory map directly to cost through the 

providerôs published pricing formula; for example, AWS Lambda charges $0.20 per 

million requests plus $0.0000166667 per GB-second of compute time. 

Consequently, anomaly patterns detected at the system level correspond to 

proportional anomalies in the resulting bill: a function exhibiting anomalous 

invocation frequency or duration will, by mathematical necessity, produce an 

anomalous cost signal. The system-level features therefore serve as a structurally 

valid upstream proxy for billing telemetry in this preliminary investigation. 

Nevertheless, production billing data introduces complexities not captured by this 

proxy, including tiered pricing structures, reserved concurrency discounts, cross-

service cost aggregation, and billing API reporting latency, all of which could affect 

detection performance in ways that system-level proxies cannot anticipate. 

Validating the framework against actual billing telemetry from a controlled testbed, 

using AWS Lambda or an open-source FaaS platform such as OpenFaaS, therefore 

constitutes the immediate priority for future empirical work and will form a central 

component of the authorsô ongoing doctoral research programme. 

Additional limitations must be acknowledged. The datasetôs 70.1% attack ratio does 

not reflect production conditions where attacks constitute a small minority of traffic; 

performance under realistic base rates remains to be established. The framework 

assumes near-real-time billing telemetry availability and attack-free training 

periods; a contaminated training set would undermine the unsupervised baseline. 

Adversarial evasion strategies are not addressed. Future work should evaluate under 

realistic base rates and conduct a comparative analysis against supervised methods 

[9], [10] on the same dataset. 
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Conclusions 

This paper has examined EDDoS attacks against serverless computing and 

identified the dominance of supervised detection methods operating at network and 

system layers, achieving up to 99.90% accuracy. A conceptual framework has been 

proposed exploring an alternative approach through cost-centric monitoring, 

asynchronous analysis, unsupervised learning, and DevOps compatibility. 

Preliminary evidence supports viability: unsupervised Isolation Forest achieved 

91.47% precision and an AUC-ROC of 0.671 without attack labels. 

Financial sustainability deserves recognition as a first-class security objective 

alongside availability. The detection literature would benefit from unsupervised 

approaches operating where supervised methods face transferability limitations. For 

enterprise stakeholders, the choice between paradigms is a risk management 

decision shaped by organisational context and acceptable financial exposure. 

Empirical validation on billing-layer telemetry is the necessary next step. 
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Abstract: The post-2020 global economy is characterised by nonlinear transitions, systemic 

shocks, technological acceleration, and overlapping structural transformations. Traditional 

equilibrium-centred and linear economic models remain analytically valuable but face 

limitations in capturing feedback-driven and phase-dependent dynamics. This paper 

proposes an interdisciplinary framework that reconstructs the classical Chinese Five Phases 

( , Pinyin: Wu Xing) as a formal heuristic model of systemic transformation rather than 

a metaphysical doctrine. Interpreted in analytically neutral terms, the Five Phases describe 

recurrent functional states of complex systems: emergence, amplification, stabilisation, 

rationalisation, and renewal. Positioned as a second-order phase model, the framework 

complements contemporary complexity economics, nonlinear dynamics, and innovation 

theory by offering a structured way to interpret interacting cycles and policy-dependent 

transitions. The model is applied to artificial intelligence development, global supply chain 

restructuring, and macroeconomic volatility.The objective is not to replace quantitative 

economics, but to expand its conceptual architecture through a phase-sensitive diagnostic 

perspective capable of organising systemic transformation in an AI-driven global economy. 

Keywords: Five Phases ( , Wu Xing), Complexity Economics, Economic Cycles, 

Innovation Management, Phase-Sensitive Framework, Artificial Intelligence, Systemic 

Transformation, Nonlinear Dynamics 

1 Introduction  

In recent decades, VUCA (volatile, uncertain, complex, ambiguous) has become a 

well-known acronym in the economics literature [1]. The COVID-19 pandemic, 

geopolitical fragmentation, accelerated digitalisation, and rapid technological 

innovation have amplified these characteristics, creating overlapping transitions 

rather than isolated cycles. Some scholars argue that this environment is better 

captured by the BANI framework - brittle, anxious, non-linear, and 

mailto:laci@infomaniak.ch
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incomprehensible - which highlights systemic fragility, increased social stress, and 

structural interdependence that conventional models struggle to address [2]. 

Navigating such complexity requires adaptive, cross-disciplinary thinking. 

Leadership and decision-making in these contexts demand the integration of 

systemic reasoning, relational awareness, and the ability to interpret interactions 

across multiple levels [3, 4]. At the individual level, resilience and effective stress 

management are critical, as cognitive and emotional performance increasingly 

determine the ability to act decisively in turbulent environments [5]. 

Economic cycles, technological diffusion, and policy interventions no longer unfold 

in predictable, linear patterns; instead, they evolve through interconnected, phase-

sensitive processes. Classical Chinese philosophy offers a relational, process-

oriented perspective that complements these contemporary insights [6]. 

This paper proposes a novel approach by adapting the classical Chinese Five Phases 

( , Wu Xing) into a formal, phase-sensitive framework for understanding 

systemic change. Interpreted in neutral analytical terms, the Five Phases - 

Emergence, Amplification, Stabilisation, Rationalisation, and Renewal - describe 

recurring functional states in complex systems. Positioned as a second-order model, 

this framework complements contemporary complexity economics and innovation 

theory by offering a structured way to observe interacting cycles, detect imbalances, 

and guide adaptive interventions in real-world systems, from artificial intelligence 

to global supply chains. 

The aim is not to replace quantitative economics but to expand its conceptual 

architecture, providing scholars, policymakers, and practitioners with a practical 

tool to interpret and navigate systemic transformation in our rapidly evolving, AI-

driven global economy. 

2  Literature Review: Cyclic Thinking and Economic 

Transformation 

2.1 Overview of Selected Theories and Observations 

In recent years, many scholars have questioned whether traditional equilibrium and 

linear cycle models are sufficient to explain todayôs global economy, especially 

under conditions of rapid technological acceleration and systemic shocks. 

The post-2020 economy is marked by overlapping structural change, innovation 

clusters, and nonlinear dynamics that challenge classical assumptions of stability 

and recurrence. Classical business cycle theory and product life cycle models 

remain widely used in economics and management; however, they are often based 
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on ideas of stability, repetition, or sequential development that may no longer 

capture modern dynamics. 

For example, Viannaôs review highlights how traditional equilibrium-based models 

struggle to explain persistent instability, endogenous dynamics, and complex 

interactions in real economies, pointing to the need for more integrated and dynamic 

approaches [7]. Similarly, Iveson, Hultman, and Davvetas argue that the standard 

product life cycle framework - based on historical sales patterns - has become less 

reliable in predicting real market behaviour and requires updating to reflect rapid 

innovation, digitalisation, and changing competitive structures [8]. 

Other research shows that technological change interacts with economic cycles in 

nonlinear ways, meaning that traditional sequential life-stage models may not 

adequately reflect real-world adoption and transformation patterns [9]. These 

models remain useful heuristics, but their linear and domain-specific structure limits 

their explanatory power in an AI-driven economy. 

Gillman and Pagan note that researchers have long studied economic cycles and 

their drivers. They distinguish between oscillatory cycles and those identified by 

the NBER (National Bureau of Economic Research) which require analysing 

growth patterns to determine turning points in economic activity [10]. 

Joel Mokyr, Philippe Aghion, and Peter Howitt were awarded the 2025 Nobel Prize 

for their work on innovation-driven economic growth [11]. Aghion and Howittôs 

model of ñcreative destructionò explains how long-term growth arises from 

innovation replacing outdated technologies [12]. 

Yifu and Wang analyse the ñdual circulationò strategy in China, which aims to 

balance domestic and international economic flows [13]. Ongoing research 

continues to evaluate its effectiveness [14, 15]. 

The periodic occurrence of boom, recession, depression, and recovery phases 

remains an observable feature of economic systems. Schweizer and Casiraghi argue 

that both endogenous and exogenous factors contribute to business cycles, 

highlighting the interaction between internal system dynamics and external shocks 

[16]. 

2.2 A Special Cognitive Approach 

ñXiang thinkingò (), often translated as ñimage thinkingò, is a perceptually 

grounded and relational mode of cognition developed in classical Chinese 

philosophy [17, 18, 19].  It emphasises patterns, analogies, and dynamic 

interrelations rather than abstract categorisation. This approach offers a 

complementary perspective to conventional Western analytical methods by 

focusing on processes and transformations. When applied to the Five Phases 

Framework - Wood, Fire, Earth, Metal, and Water - it reframes them as evolving 
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stages of emergence, amplification, stabilisation, discipline, and renewal. Modern 

complexity economics aligns with this relational perspective by viewing economies 

as adaptive, networked systems shaped by feedback loops and emergent patterns.  

Integrating Xiang thinking with the Five Phases Framework provides a conceptual 

bridge for interpreting systemic transitions in areas such as AI, global supply chains, 

and financial systems. 

2.3 A Phase-Sensitive Framework 

This paper therefore proposes a phase-sensitive framework. The goal is not to 

replace existing models but to extend them with a nonlinear perspective that better 

captures systemic transformation. The Five Phases Framework emphasises 

transformation, mutual generation, and constraint - concepts that are increasingly 

relevant to complex economic systems. 

3  The Knowledge Background and the Five Phases 

Framework 

3.1  Analytical  and Relational Approaches to Systemic Change 

Classical Western scientific development, strongly influenced by logic and 

mathematical formalisation, has traditionally analysed systems by breaking them 

into parts and identifying causal relationships under equilibrium conditions. This 

analytical orientation proved highly successful in physics, engineering, and 

neoclassical economic modeling. In parallel, classical Chinese thought developed a 

relational approach that emphasises interdependence and continuous 

transformation. Change is seen as the normal state of reality rather than a deviation 

from equilibrium [18]. Modern economic science increasingly combines these 

perspectives. While equilibrium models remain important, newer approaches 

emphasise complexity, adaptation, and systemic change [19]. The Five Phases 

Framework builds on this relational perspective, offering a structured model for 

analysing systemic transformation across disciplines. 
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3.2 The Five Phases Framework as a Dynamic Economic 

Model 

3.2.1  The Original  Names of the Five Phases 

The traditional symbolic names are Wood, Fire, Earth, Metal, and Water. The 

philosophy of the five phases is one of the key constituent elements of Chinese 

culture [20]. Littlejohn's study analyzes the deep connections between the five 

phases [6]. Yang C.D. emphasises: "although it was proposed more than 2000 years 

ago, Wu Xing is still an unparalleled network operation protocol" [21]. In this paper, 

Wood, Fire, Earth, Metal, Water  are not treated as metaphysical concepts but as 

analytical labels representing functional system states. 

3.2.2  The relationship between the Five Phases and their Functional 

Interpretation  

3.2.2.1 Each phase represents a distinct type of dynamic behaviour 

"Wood"  immediately suggests growth, expansion, and early development - 

Emergence. 

"Fire"  evokes rapid acceleration, diffusion, and network effects - Amplification. 

"Earth"  signals consolidation, coordination, and structure - Stabilisation. 

"Metal"  conveys discipline, correction, and optimization - Rationalisation. 

"Water"  represents liquidity, reinvestment, and preparation for the next cycle - 

Renewal. 

Table 1. shows the economic interpretation of these phases.  
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Table 1.  
Five Phases (  Wu Xing) as a Dynamic Economic Model 

3.2.2.2 Five Phase Framework as a Second-order Analytical Tool 

The Five Phases can be used as a second-order analytical tool that extends 

traditional models by capturing dynamic interactions. Mutual generation process 

means: each phase enables the next: Wood Ÿ Fire Ÿ Earth Ÿ Metal Ÿ Water. 

Mutual constraint process means: excess in one phase generates corrective 

pressure from another [20]. Xie formalizes these two processes into modern 

analytical framework, bridging classical philosophy with quantitative modeling 

[22]. These relationships between the Five Phases reflect dynamic interdependence 

and systemic regulation, rather than static classification. The framework assumes 

continuous transformation, where stability is temporary. 

3.2.2.3  Classical economic and product cycle models and the Five Phase 

Framework 

Table 2. compares classical economic and product cycle models with the proposed 

Five Phase Framework. The Equilibrium Model, Business Cycle Model, and 

Product Life Cycle (PLC) columns summarize established approaches, highlighting 

core logic, temporal structure, domain, treatment of shocks, technological change, 

policy implications, and system interactions. References for these classical 

frameworks are: Blanchard, Cerutti, & Summers for the Equilibrium Model [23]; 

Vianna for the Business Cycle Model [7]; and Iveson, Hultman, & Davvetas for the 

PLC [8]. The Five Phase Framework column illustrates the proposed nonlinear, 

cross-domain, phase-sensitive perspective that captures structural transformations 
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and interactions beyond the limits of traditional linear and equilibrium-based 

models. 

Table 2.  

Comparative Overview of Economic and Product Cycle Frameworks with the Five Phase Framework 

The Five Phase Framework captures dynamic interactions across systems, rather than linear or 

equilibrium-based processes.  

References for theoretical frameworks: *Equilibrium Model: Blanchard, Cerutti & Summers 

[23] ;** Business Cycle Model: Vianna [7] ; *** Product Life Cycle (PLC): Iveson, Hultman & 

Davvetas [8] . 

4 Five-Phase Diagnostic Application on an Existing 

Company 

4.1 Example: Tencent Holdings Limited  

Company's Chinese name: , (Pinyin: T®ngx½n K¸nggד 

Yבuxi¨n GǾngsǭ). Tencent is a leading global technology and internet company 

headquartered in Shenzhen, Guangdong Province, China. Officially incorporated in 

1998. Tencent operates as a holding company for a large portfolio of digital 

platforms and services across social media, gaming, cloud computing, financial 

technology, digital content, and artificial intelligence. The company is publicly 
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traded on the Hong Kong Stock Exchange (0700.HK) and has historically ranked 

among the largest technology firms worldwide by market capitalization and 

revenue. Tencent reported robust financial performance in recent periods, with total 

annual revenue exceeding RMB 660 billion in 2024 (about USD 90+ billion) and 

continued user base expansion across its platforms. Tencentôs workforce exceeded 

110'000 employees globally by late 2024, reflecting its scale as a major employer 

in the technology sector [24]. Its diversified business model includes value-added 

services, digital advertising, fintech and business offerings, and strategic 

investments in technology, media, and entertainment firms around the world [24, 

25]. 

4.2 WeChat  

WeChat (original name in Chinese:  (Pinyin: WǛix³n)) is a multi-purpose 

mobile application developed by Tencent and launched in 2011. It integrates social 

engagement, mobile financial services, e-commerce, and a broad ecosystem of 

embedded services, all within one platform. By 2024, WeChat/Weixin had over 

1.38 billion monthly active users, making it one of the largest digital platforms in 

the world in terms of scale and daily engagement [24, 25, 26, 27]. Table 3. analyzes 

the development of Tencent's WeChat ecosystem from the perspective of the Five 

Phase Framework.  
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Table 3.  

The Evolution of Tencent's WeChat Ecosystem (2012-2025)  

looking through the Five Phases Framework theory 

The Five Phase Framework highlights that rapid innovation and expansion (Wood 

and Fire ) create structural pressures requiring stabilizing and corrective dynamics 

(Earth and Metal). The Consolidation and Renewal (Water) phase leads back to a 

new growth (Wood) phase, forming a continuous cycle. This qualitative perspective 

identifies imbalances, transition pressures, and coordination needs without relying 

on numerical models, demonstrating the frameworkôs practical applicability in real-

world, rapidly evolving systems. 

 

Conclusion 

Contemporary economic systems are increasingly understood as complex, adaptive 

networks where feedback loops, nonlinear dynamics, and structural transformations 
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drive recurrent patterns. The Five Phases Framework enriches this understanding 

by offering a phase-sensitive perspective on systemic evolution. 

Each phase - Emergence (Wood), Amplification (Fire), Stabilisation (Earth), 

Rationalisation (Metal), and Renewal (Water) - corresponds to key processes in 

endogenous growth, innovation, and institutional development. Mutual generation 

and mutual constraint mechanisms help explain how early innovation sparks 

growth, how excess is corrected, and how systems renew themselves. See Table 4. 

Table 4.  

Integrating the Five Phases Framework with Contemporary Economic Theory:  

Mutual Generation, Feedback Loops, and Endogenous Growth 

By integrating classical relational thinking with modern economic theory, the 

framework provides a practical diagnostic tool for scholars, policymakers, and 

business leaders. It allows anticipation of phase transitions, identification of 

systemic imbalances, and informed intervention in complex, interconnected 

economies. 

Overall, the Five Phases Framework demonstrates that ancient wisdom can be 

translated into actionable insight, helping to organise, interpret, and guide systemic 

transformation in the contemporary global economy. 
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by SMEs, focusing on the double materiality assessment. WILMA guides users through the 

process of identifying and articulating relevant social and economic impacts, risks, and 

opportunities. A generative AI component assists this process, while semantic tools help 

explore and map complex reporting frameworks such as the European Sustainability 

Reporting Standard (ESRS) and the Voluntary Sustainability Reporting Standard for SMEs 

(VSME). Tailored to the diverse experience levels of SMEs, WILMAôs design ensures 

usability and accessibility, thereby lowering barriers to digital sustainability reporting. By 

enabling SMEs to transparently report on their sustainability performance, the tool 

contributes to fostering more socially responsible and economically resilient business 

practices. This has been validated through comprehensive end-user evaluations involving a 

double-digit number of SMEs from various sectors. Ongoing research aims to further 

integrate social and economic sustainability aspects into SME business strategies through 

enhanced voluntary sustainability reporting. 

Keywords: Double Materiality Assessment, Voluntary Sustainability Reporting, Small and 

Medium-sized Enterprises (SMEs), Artificial Intelligence (AI), User-Centered Design, Social 

Sustainability, Economic Sustainability, Business Informatics 

1 Introduction  

With the scope of the CSRD (Corporate Social Responsibility Directive) reduced 

by approximately 80 percent, the European Union (EU) is restructuring its 

sustainability reporting requirements. [1] The reporting obligation under the CSRD 

now applies to companies with more than 1,000 employees and revenue exceeding 

450 million euros. [2] Consequently, many SMEs (small and medium-sized 

enterprises) are no longer subject to the legal reporting requirement. Nevertheless, 

a large proportion of companies are addressing the issue voluntarily due to its 

economic relevance (e.g., indirect impact on the supply chain) and its strategic 

potential (e.g., risk management). The VSME standard (Voluntary Sustainability 

Reporting Standard for non-listed Small and Medium-sized Enterprises) [3] thus 

serves as the voluntary counterpart to mandatory CSRD reporting. The VSME 

standard is divided into a basic and a comprehensive module. In the context of the 

CSRD, content standards and metrics are regulated by the European Sustainability 

Reporting Standards (ESRS). [4] The goal of sustainability reporting is, among 

other things, to ensure comparability, transparency, and reliability, as well as to 

illustrate the impacts on society, the environment, and corporate structures. [5] 

Companies face the challenge of disclosing their sustainability efforts in the form 

of a digital report. In this context, the double materiality assessment typically 

represents the first step. [6] However, this process is only vaguely defined, as there 

is a lack of precise guidelines or recommendations, and SMEs often face 

uncertainty. This was made evident, among other things, in a scientific study 
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conducted in the West-M¿nsterland region (North Rhine-Westphalia, Germany) on 

the state of sustainability reporting. [7] This study served as the foundation for a 

funded project aimed at identifying tailored support options and providing resources 

such as guidelines, best practices, or digital AI-supported (Artificial Intelligence) 

tools accessible to SMEs. Representing the target group, six selected companies 

participate in the project as associate partners. 

2 Sustainability Reporting, Double Materiality 

Assessment, and ESG  

In 2023, the ESRS were published by the EU primarily as an uniform standard for 

sustainability reporting, covering both general and topic specific content (see table 

1). According to the ESRS, companies are required to disclose specific content and 

data points in their reports on relevant sustainability topics. The ESRS specifies in 

detail what information must be disclosed and also recommends the involvement of 

stakeholders. Conducting a double materiality assessment is mandatory and serves 

as the central starting point for sustainability reporting. [8] The practical 

implementation of these new requirements poses a significant challenge, since 

SMEs generally lack the necessary human and time-related resources. [9] 

Furthermore, the content of this standard is not very tangible for many companies 

and leaves considerable room for interpretation.  

The Omnibus Initiative, launched in early 2025, aims to reduce the complexity of 

sustainability reporting, and proposes the VSME as a voluntary, significantly 

simplified standard. This standard has not been finalized yet, but according to the 

current proposal, the double materiality assessment will no longer be mandatory. 

Nevertheless, it remains of significant strategic value for companies, as it helps 

focus on key issues, and enhances the credibility and quality of sustainability 

reporting. 

For companies seeking to embed sustainability into their corporate culture in the 

long term, conducting a double materiality assessment serves as a suitable tool for 

identifying issues relevant to the company and incorporating them into a 

sustainability strategy. This process can be divided into the following steps: 

Identifying relevant issues, as well as formulating and assessing IROs (impacts, 

risks, and opportunities). In particular, the identification process is often highly 

valuable, as it encourages discussion within SMEs and is ideally conducted in a 

participatory manner with selected stakeholders. In this way, the double materiality 

assessment can help companies consider different perspectives and develop 

awareness of sustainability issues.  

The double materiality assessment takes two perspectives into account, the inside-

out perspective (the companyôs impacts on the environment and society) and the 
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outside-in perspective (the impacts of external sustainability factors on the 

company). This enables a holistic view of IROs. An issue is considered material if 

it is relevant from at least one of the two perspectives. Through the double 

materiality assessment, well-founded sustainability-related decisions can be made, 

allowing the company to position itself in the market in a future-proof and 

competitive way.  

In this context, the three pillars of sustainability (environmental, economic, and 

social) play a central role. The goal of sustainable development is to bring these 

three equally important areas into balance. [10] The three pillars of sustainability 

and the term ESG (Environmental, Social and Governance) used in the ESRS and 

VSME are closely related and complement each other. Ecological sustainability, for 

example, includes topics such as environmental protection, biodiversity 

conservation, and resource conservation. Social sustainability encompasses, among 

other things, the common good, equality, and justice. Economic sustainability 

should take social and environmental goals into account in order to be economically 

viable in the long term. Social and economic sustainability are closely 

interconnected: Economic stability creates the financial foundation for investing in 

socially relevant areas such as education, health, and social justice. [11] 

Within the double materiality assessment, ESG defines the content of reporting and 

provides the thematic framework for what constitutes sustainability issues. The 

materiality assessment helps determine which topics are material and thus subject 

to reporting. The ESRS or VSME reporting standard specifies how these topics must 

be reported. With the help of the two perspectives (outside-in and inside-out) within 

the double materiality assessment, the social responsibility of companies becomes 

methodologically transparent and manageable. 

The following figure shows the thematic overlaps between the two standards, ESRS 

and VSME, in relation to the three pillars (ESG). 
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Three pillars ESRS-Standard VSME-Standard (Basic module) 

Environment 
E1: Climate change 

E2: Pollution 

E3: Water and marine resources 

E4: Biodiversity and 

ecosystems 

E5: Resource use and circular 

economy 

B3: Energy and greenhouse gas 

emissions 

B4: Pollution of air, water and soil 

B5: Biodiversity 

B6: Water 

B7: Resource use, circular 

economy and waste management 

Social 
S1: Own workforce 

S2: Workers in the value chain 

S3: Affected communities 

S4: Consumers and end-users 

B8: Workforce ï General 

characteristics 

B9: Workforce ï Health and Safety 

B10: Workforce ï Remuneration, 

collective bargaining and training 

Governance G1: Business conduct B11: Convictions and fines for 

corruption and bribery 

Table 1 

Thematic Overlaps: ESG, ESRS, and VSME  

Source: Authorôs own illustration 

3 Digital tools to support materiality assessment and 

sustainability reporting 

There is a particular need for tool assistance especially for SMEs. Various 

commercial and free digital tools are available on the market for sustainability 

reporting. Commercial tools include, for example, Leadity [12], Planted [13], and 

Tanso [14]. Free options are provided, for instance, by the digital DNK platform 

from the German Sustainability Code (DNK) [15] as well as Excel tools and 

guidance materials from the Information Centre for Environment and Economy 

(IZU) [16] or the Institute of Applied Industrial Engineering and Ergonomics (ifaa) 

[17]. The European Financial Reporting Advisory Group (EFRAG) [18] also offers 

various support options, such as a digital VSME Excel template. Companies are 

faced with the challenge of selecting the software or support option that best meets 

their needs. 

On the one hand, there are comprehensive tools that take a broad approach to 

sustainability and include additional functions such as monitoring key performance 
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indicators. On the other hand, there are tools that focus purely on reporting and 

explicitly exclude the topic of double materiality assessment or only provide it as 

an Excel worksheet. Thus, there is a lack of focused digital support options for 

double materiality assessment that are specifically tailored to SMEs and freely 

accessible. The following section presents a research project in which a digital tool 

for conducting a double materiality assessment has been developed. 

Within the DiNaOpt4KMU research project [19], support tools specifically tailored 

to SMEs are under development and will later be released as an open-source 

solution. One of these prototypes is WILMA. WILMA stands for ñAssisted and 

simple Identification of Material Topicsò (in German: ñWesentliche Themen 

identifizieren leicht gemacht mit Assistenzò). Companies can choose whether to 

conduct a materiality assessment according to the ESRS or the VSME. The 

fundamental idea behind this prototype is to offer companies as much assistance as 

possible in conducting the double materiality assessment, thereby bringing structure 

to a process that is described in rather vague terms. To achieve this goal, it is 

particularly important to thoroughly understand the needs of SMEs and actively 

involve stakeholders in the process. The user-centered approach, in which the target 

group is an integral part of the development process, is well-suited for this purpose. 

This approach is described in Section 3.2, before the guided evaluation and initial 

results are discussed in more detail. The following provides a brief overview of the 

basic structure and selected functionalities.  

3.1 Design and functionality  

WILMA is a cloud-based solution that provides each company with its own 

individual access. From the home screen, SMEs can view their company-specific 

progress. In addition to the steps of the double materiality assessment, the prototype 

offers two comprehensive modules for preparation and sustainability management. 

The preparation module, for example, covers the company profile, documentation 

of the sustainability officers or core team, and the most important stakeholders. This 

empowers SMEs to deepen stakeholder engagement and integrate sustainability as 

a strategic pillar throughout the company. In the area of sustainability management, 

content such as best practices, an action plan, a sustainability strategy, and risk 

management has been implemented. Additionally, a documentation step has been 

implemented featuring the automatic generation of a report. This is of particular 

importance for the ESRS, as from an audit perspective, the entire process of the 

double materiality assessment must be documented, and all decisions must be 

presented in a manner that is plausible and comprehensible to the auditor.  

Companies are guided step-by-step through the materiality assessment. 

Additionally, various support tools are available, such as, an AI solution designed 

tool to assist SMEs in conducting the double materiality assessment. During the 

analysis phase, it became increasingly apparent that formulating the IROs posed a 

challenge for companies, making dedicated support for this step necessary. The 
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ESRS and VSME do not provide any examples for guidance, nor do they provide 

specific guidelines regarding the level of detail. For this reason, the prototype 

displays AI-generated suggestions for IROs on the right side of the user interface, 

which can be edited or adopted directly as needed (see figure 1). These are general, 

industry independent examples that are automatically generated by a predefined 

prompt and are intended to provide an initial impulse for formulating the IROs. 

 

Figure 1 

Support through AI Integration ï Tool Insight WILMA 

Source: Authorôs own illustration 

With the help of AI, SMEs are supported in generating initial ideas and formulation 

IROs. The use of AI reduces the burden on companies, can increase efficiency, and 

improve report quality. Furthermore, AI can structure large amounts of 

heterogeneous data and accelerate the identification of relevant ESG topics. 

Especially for SMEs with limited resources, AI can reduce the time and effort 

required. In this context, the use of AI technologies as a potential support and 

implementation tool is gaining significant relevance.  

The result of conducting a materiality assessment for an example company is the 

materiality matrix shown below in figure 2. This matrix, identifies which topics are 

material. 
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Figure 2 

Materiality Matrix ï Tool Insight WILMA 

Source: Authorôs own illustration 

The above makes clear that during the prototypical implementation, special focus 

was placed on usability and reducing process complexity so that SMEs can use the 

tool intuitively without significant cognitive effort. To ensure this, a user-centered, 

agile approach was chosen, which is described in more detail as follows. 

3.2 Research Design and User-Centered Development 

Methodology 

The development of WILMA followed a qualitative, iterative research design with 

a user-centered approach [20] to ensure intuitive usability and high acceptance. The 

overarching goal was to develop and evaluate the WILMA prototype, which 

demonstrably addresses practical challenges that SMEs face when conducting a 

materiality analysis. The focus was on ensuring practical applicability and utility 

within SMEs. The research proceeded in three main phases: (1) needs analysis and 

requirements gathering, (2) prototyping and iterative development, and (3) 

evaluation with formative and summative assessment components. This design was 

chosen to ensure that the resulting tool is grounded in empirically identified user 

needs and is continuously refined based on feedback from real-world practice. 

The sample was selected specifically to ensure a diverse representation of 

industries, company sizes, and prior experience in sustainability reporting. Six 

associated regional partner companies were involved throughout the entire project 

period; subsequently, the group of evaluation companies was expanded through 

workshops and associations to include a high number of SMEs representing 

manufacturing, service, and trade sectors and varying in size from small to medium-

sized and some large enterprises. Participants included sustainability managers, 
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managing directors, and employees responsible for ESG reporting. This reflects a 

phased and planned approach. 

Data was collected using a mixed-methods approach: semi-structured interviews 

with sustainability officers or responsible executives identified challenges and 

expectations related to materiality analysis. Participatory workshops were used to 

jointly develop and validate requirements. In user tests, participants navigated 

WILMA without formal training and using only the integrated help functions; 

structured interviews were conducted immediately following each step. 

Additionally, the project team evaluated the user interface based on Nielsenôs ten 

usability heuristics [21]. 

The evaluation protocol combined formative and summative elements: ongoing 

iteration cycles ensuring continuous alignment between user needs and tool 

functionality. The final evaluation assessed the extent to which the prototype met 

predefined criteria: intuitive usability without training, acceptance of AI support, 

effectiveness of interaction options, and perceived usefulness compared to non-AI -

supported methods. Interview and workshop data were analyzed using qualitative 

content analysis and usability issues were prioritized. 

3.3 Initial Evaluation Results 

Considering the feedback from the companies so far, it is evident that the user-

centered approach has contributed to the prototype receiving strong acceptance. 

This can be attributed, among other things, to the fact that there were hardly any 

interaction difficulties. This is a clear advantage of iterative evaluation. With regard 

to the defined evaluation criteria, the following results were obtained: 

1. Intuitive usability without training effort:  The prototype could be 

used without any problems and without specific training. In many cases, 

the guided tour or tutorial was used to fill in knowledge gaps.  

2. Acceptance of the assistance provided: Users actively utilized the 

assistance provided and found it beneficial. In particular, the guided tour 

and the global word search, as well as the generation of AI suggestions, 

provided valuable support to SMEs. Highlighting completed steps and 

displaying a progress bar further improved navigation.  

3. Interaction options: Both views of the prototype were used by SMEs. 

However, it became apparent that additional explanations are necessary, as 

the difference between the variants was not immediately apparent. 

Additionally, integrated visualizations (e.g., matrix, representation focus) 

help to further illustrate the process. The dynamics of the process were 

perceived as particularly positive, as users can return at any time and also 

delete topics retroactively during the process. 
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4. Use and Added Value of AI Integration: During the evaluation, there 

were different opinions regarding the integration of AI. On the one hand, 

many SMEs found it helpful as a starting point, since formulating the IROs 

is a major challenge. On the other hand, companies reported that the 

constant display of AI suggestions inhibits independent thinking. As a 

result, in a subsequent version of the prototype, the AI suggestions were 

hidden by default and can be accessed as needed. Additionally, the 

companies expressed a desire to be able to create their own prompts, as 

they found the AI suggestions provided to be too general. 

5. Reducing complexity: Within the ESRS and VSME, there are no 

guidelines regarding the order of processing for a double materiality 

assessment, which leads to uncertainty among companies. This was 

addressed through step-by-step navigation. Each of the participating 

companies found the step-by-step process to be very effective. The step-

by-step approach allows users to focus on the current step while also taking 

breaks during their daily work routine. 

The evaluation results described show that the user-centered approach enabled 

companies to start the process quickly and with little effort, and to complete the 

double materiality assessment within a manageable timeframe. With the help of 

suitable support tools and intuitive navigation, it was possible to reduce the 

complexity of the requirements and thus optimize the process. 

4 Discussion and Outlook 

For a tool to be accepted, it is particularly important that it meets the actual needs 

and expectations of the target users. For this reason, the principles of user-centered 

design were applied. A central aspect of this approach is the early involvement of 

future users in the development process. Feedback sessions helped identify and 

address weaknesses quickly. A diverse user group was selected for the evaluation 

to comprehensively cover various needs and perspectives. Open communication is 

also essential, as technical feasibility does not always align with user requirements. 

Ongoing evaluation is important because the research prototype undergoes 

continuously refinement to provide users with genuine added value in the field of 

sustainability reporting.  

In summary, the user-centered approach proves highly effective in delivering 

solutions that are practical, intuitive, and genuinely responsive to user needs. Future 

plans include further optimizing the interaction between the research prototype and 

users and continuously developing the tool. The prototype for the double materiality 

assessment has provided an entry point into sustainability reporting. 
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Conclusions 

The present work investigated the extent to which AI-supported approaches can 

help SMEs conduct the double materiality assessment within the framework of 

(voluntary) sustainability reporting. Key obstacles in practice included resource 

constraints, methodological complexity, and a lack of expertise. The results show 

that AI can facilitate certain steps of the materiality assessment. Conducting a 

double materiality assessment makes an important contribution to social and 

economic sustainability. From a social perspective, it promotes open stakeholder-

dialogue, strengthens the social reputation of SMEs, and makes their responsibilities 

visible along the entire company specific value chain. From an economic 

perspective, it opens up new sustainability-oriented financing opportunities, 

improves competitiveness, and increases resilience to regulatory and market-related 

changes.  
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Abstract: This study explores the development of thematic routes and gastronomic itineraries 

as strategic tools for positioning emerging food destinations, focusing on Mrizi i Zanave in 

Fisht±. As a prominent example of Albaniaôs farm-to-table movement, Mrizi i Zanave has 

gained increasing attention for its role in promoting local identity, sustainable practices, and 

rural development. Adopting a qualitative case study approach, the study combines field 

observations, stakeholder interviews, and analysis of existing tourism and gastronomy 

literature. The results show that including gastronomic assets into structured thematic routes 

substantially contributes to destination differentiation and competitiveness, and that Mrizi i 

Zanave functions as a driver of local food system development, encouraging the 

amalgamation of nearby farms, artisanal producers, and heritage landmarks into an 

integrated tourism offering. The paper adds to the existing literature on gastronomic tourism 

by presenting empirical insights from an emerging Balkan destination and provides practical 

implications for policymakers and destination managers. 

Keywords: culinary heritage, thematic routes, gastronomic tourism, local products, food 

system 

1 Introduction  

Culinary heritage has become an increasingly important component of cultural 

tourism and rural development strategies worldwide. As tourists increasingly seek 

authentic and meaningful experiences, culinary heritage has emerged as an 

important asset for destination differentiation and competitiveness [2], [4], [10], 

[13]. Food-related experiences allow visitors to interact directly with local culture, 

and destinations that successfully integrate culinary heritage into their tourism 

offerings can generate economic benefits while strengthening local identity [16]. 

The relationship between culinary heritage and tourism is particularly relevant in 

mailto:romina.dhora@unishk.edu.al
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rural areas, where local food systems remain closely linked to landscapes, 

agriculture, and community life, contributing to sustainable rural development [17]. 

One of the most prominent approaches linking gastronomy and tourism is the farm-

to-table model, which emphasizes local sourcing, short supply chains, and direct 

producerïconsumer connections, contributing to sustainable rural development 

[11]. In Albania, gastronomic tourism has grown significantly over the last decade. 

Among the most notable examples is Mrizi i Zanave, an agro-tourism enterprise 

located in the village of Fisht±, which through its farm-to-table philosophy and 

collaboration with local farmers has become a leading example of how culinary 

heritage can be transformed into a tourism development resource. 

This study aims to explore the role of culinary heritage in supporting rural tourism 

development through the case of Mrizi i Zanave in Fisht±, Albania, addressing three 

research questions: (RQ1) How is culinary heritage integrated into the tourism 

experience at Mrizi i Zanave? (RQ2) How does culinary heritage contribute to 

destination attractiveness and visitor experiences? (RQ3) What role does the Mrizi 

i Zanave model play in aiding sustainable rural development? 

2 Methodology 

This study adopts a qualitative case study approach, selected because it allows an 

in-depth examination of complex social, cultural, and economic phenomena inside 

their real-life context [18]. The study was conducted in the village of Fisht±, 

municipality of Lezh±, northern Albania, home to Mrizi i Zanave, an agro-tourism 

enterprise founded by the Prenga family that attracts approximately 60,000 visitors 

annually. Data were collected between May and July 2025 through direct field 

observations, ten semi-structured interviews (three representatives of Mrizi i 

Zanave, three local producers, two tourism operators, and two community members, 

selected through purposive sampling), and analysis of organizational and tourism-

related documents. The collected data were analyzed using thematic analysis, 

following the stages proposed by Ahmed et al. [1]: data familiarization, coding, 

theme development, theme review, and interpretation. The resulting themes focused 

on culinary heritage preservation, local food systems, tourism experiences, 

community development, and destination sustainability. 
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3 Findings and Discussion 

3.1 Culinary Heritage and Destination Identity 

Gastronomy, nature, agriculture, and livestock are strong pillars of Fisht±ôs tourism 

development. The tourism and wine sector built around Mrizi i Zanave is structured 

around a comprehensive ecosystem combining agricultural production, gastronomic 

experiences, accommodation, and complementary activities, organized into four 

interconnected components: agriculture and regional products (bird farm, cheese 

tunnel, Kallmet vine cultivation, ñUncle Ndueò honeybees, dairy production, eco-

friendly milling), gastronomic products (food and wine stores, shops with typical 

products, farm animal interactions), accommodation (hotel, agro-camping, Mrizi i 

Zanave inns), and complementary activities (entertainment, agricultural walking 

tours, cultural events). Local food, supported by local agriculture, is a key driver for 

tourism development [14]. 

3.2 Farm-to-Table and Local Food Systems 

The Mrizi i Zanave model represents a closed-cycle farm in which roughly 90% of 

products originate from the region. The enterprise maintains collaborative 

partnerships with approximately 400 small-scale farmers, supplying wild herbs, 

wild pomegranates, milk, and other traditional agricultural goods. Such networks 

strengthen short supply chains, territorial identity, and the socio-economic 

development of rural communities, and create market opportunities for local 

producers [12]. 

3.3 Cultural Heritage and Visitor Experiences 

Fisht± is known for its biodiversity, local food products, ethnography, and ceramic 

processing. Gastronomy is a means of expressing local culture and functions as a 

ñgray zoneò medium of cultural tourism [6], [9]. Another important attraction is the 

house of the writer and patriot Gjergj Fishta, a declared cultural monument. Beyond 

gastronomy, this literary and cultural heritage reinforces the connections between 

tourism, culture, and local identity, positioning food as a core element of the visitor 

experience and a strategic link between tourism and agriculture. 

 

Conclusions 

This study highlights the strategic role of culinary heritage and farm-to-table 

tourism in shaping the emerging rural destination of Mrizi i Zanave in Fisht±. The 

findings show that gastronomy functions as both a cultural and economic driver, 
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that thematic routes and gastronomic itineraries support endogenous development 

and resilience by mobilizing local resources and extending tourist stays, and that 

the farm-to-table model and cooperative networks with over 400 small-scale 

producers illustrate how rural economies can benefit from tourism while preserving 

traditional practices and cultural identity. Integrating gastronomic tourism with 

cultural and literary attractions further diversifies the destinationôs offering. For 

policymakers and destination managers, the findings support coordinated, 

community-based approaches that leverage local food systems and cultural heritage 

to foster sustainable economic growth. This study is based on a single case study 

and a limited number of stakeholders; future research could compare multiple 

agritourism destinations and incorporate visitor perspectives. 
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Abstract: Political participation represents a critical outcome not only for democratic 

functioning but also for political marketing, which relies on citizen engagement as a 

prerequisite for effective communication, voter mobilization, and relationship building 

between political actors and their constituencies. Among the various factors influencing 

participation, religiosity has been identified as an important source of social values, norms, 

and community integration. However, its relationship with different dimensions of political 

engagement remains insufficiently explored, particularly within the political marketing 

framework and in transitional democratic contexts. This study examines differences in 

electoral participation, political involvement, participatory intentions, and selected political 

attitudes across levels of religiosity. Religiosity is conceptualized as a socio-cultural factor 

that may shape both behavioral and attitudinal aspects of political engagement. Using survey 

data from a national sample of adult citizens, respondents were grouped according to their 

level of religiosity, and differences were analyzed using independent samples t-test. The 

results indicate significant differences in past electoral participation and intention to vote, 

with more religious individuals reporting higher levels of electoral engagement. In contrast, 

no significant differences were found in political involvement or in higher-order forms of 

political participation. At the same time, religiosity is associated with differences in several 

attitudinal dimensions, including political information seeking, party loyalty, satisfaction 

with party choice, trust in political actors, and perceived political risk. These findings 

suggest that religiosity plays a role in shaping routine electoral behavior and political 

alignment, while its influence on deeper cognitive engagement and more demanding forms 

of participation remains limited. The study contributes to political marketing literature by 

highlighting religiosity as a relevant segmentation variable, particularly in relation to voter 

turnout and loyalty rather than broader political activation. More broadly, the results 

underline the importance of distinguishing between different dimensions of political 

engagement when assessing the role of socio-cultural factors in transitional democratic 

environments. 

Keywords: religiosity; political participation; political involvement; political marketing; 

market segmentation; voter behavior; political consumer behavior 
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1 Introduction  

Political participation is a key element of democratic systems, as it allows citizens 

to influence political decisions and contributes to the legitimacy of political 

institutions. It is also increasingly important in the field of political marketing, 

where citizen engagement is essential for effective communication, voter 

mobilization, and building long-term relationships between political actors and 

voters. Understanding what drives different forms of political engagement is 

therefore both theoretically and practically relevant. 

One of the factors that has received considerable attention in this context is 

religiosity. Religion shapes individualsô values, norms, and social interactions, and 

through religious communities, people are exposed to shared beliefs and social 

networks that may influence their political attitudes and behavior. Previous research 

suggests that religiosity can encourage political participation by providing civic 

skills and opportunities for mobilization. However, its effects are not consistent and 

often depend on how religiosity is defined, as well as on the broader political and 

cultural context. 

At the same time, existing research has mostly focused on voting, while other forms 

of engagementðsuch as political involvement, participatory intentions, and higher-

order participationðhave received less attention. There is also limited 

understanding of how religiosity relates not only to behavior but also to political 

attitudes, including information seeking, trust, and party attachment. These gaps are 

particularly relevant in transitional democratic contexts. In addition, the role of 

religiosity in political marketing remains underexplored, especially when it comes 

to distinguishing whether it influences behavior, attitudes, or both. 

This study addresses these gaps by examining the relationship between religiosity 

and multiple dimensions of political engagement, including electoral participation, 

political involvement, participatory intentions, and selected political attitudes. 

Using survey data from a national sample, respondents are grouped according to 

their level of religiosity, and differences between groups are analyzed using 

independent samples t-tests. 

By taking a multidimensional approach, this study aims to provide a clearer 

understanding of how religiosity relates to different forms of political engagement 

and to offer insights relevant for political marketing, particularly in distinguishing 

between participation, attitudes, and their relationship. 
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2 Literature review 

The relationship between religiosity and political participation has been widely 

examined in political science, yet findings remain inconsistent and context-

dependent. Religion is generally understood as a powerful socio-cultural force 

shaping individualsô values, norms, and identities, which in turn influence political 

attitudes and behavior. 

Religiosity differs from other socio-demographic factors such as gender, education, 

and employment, which tend to have relatively consistent effects across countries. 

Instead, religiosity may have varying directional effects on political participation 

depending on historical and institutional contexts. In particular, its impact depends 

on the nature of churchïstate relations and the role religious institutions have played 

in processes such as democratization. While religion cannot fully explain overall 

differences in participation, it is especially relevant in explaining cross-national 

variation [1]. 

Political participation is commonly defined as activities through which individuals 

seek to influence political decision-making [2]. These activities are typically 

divided into conventional participation (e.g., voting, party membership, 

campaigning) and unconventional participation (e.g., protests, boycotts, strikes). 

This distinction is crucial, as the effect of religiosity differs across these forms. 

Previous research from the field suggests that religiosity is more strongly associated 

with conventional political participation, particularly voting, while its relationship 

with unconventional participation is weaker or even negative [1, 3]. For example, 

[4] find that religiosity increases political engagement but tends to restrain protest 

activities. Similarly, [5] reports a negative relationship between religiosity and both 

conventional and unconventional participation in the Turkish context. These 

findings indicate that religious individuals, when they do participate, are more likely 

to do so through institutionalized and socially accepted channels. 

One of the most influential explanations of the religiosityïparticipation link is the 

resource model, which emphasizes the role of religious institutions in providing 

civic resources. Churches function as social organizations that facilitate the 

development of civic skills, social networks, and mobilization opportunities, all of 

which increase the likelihood of political engagement [5, 6]. Empirical research 

confirms that participation in church activities is positively associated with political 

participation, as it exposes individuals to political information and recruitment 

networks [4, 5]. 

However, the literature also highlights that religiosity is not a homogeneous 

construct. Instead, it is widely conceptualized as a multidimensional phenomenon, 

encompassing beliefs, practices, and belonging [7]. Different dimensions of 

religiosity have different effects on political participation. For instance, 

participation in church activities tends to increase political engagement, while mere 
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identification with a religious tradition may have neutral or even negative effects 

[7]. Similarly, [4] distinguishes between internal religiosity (beliefs) and external 

religiosity (church involvement), showing that these dimensions influence 

participation in different ways. 

More recent research extends the resource-based explanation by incorporating 

psychological mechanisms. [2] argue that religiosity fosters political participation 

not only through organizational resources but also through psychological factors 

such as transcendent accountability and religiopolitical awareness, which motivate 

individuals to engage politically. Similarly, experimental evidence shows that 

religious messages can increase political participation by enhancing individualsô 

sense of efficacy and moral responsibility [9]. 

Despite these positive associations, several studies suggest that religiosity does not 

always lead to increased participation. [10] using large cross-national data, find that 

religiosity alone may act as a deterrent rather than a mobilizing force, while 

membership in religious organizations increases participation. This distinction 

highlights the importance of separating religiosity as belief from religiosity as social 

engagement. 

Furthermore, research indicates that the relationship between religiosity and 

political engagement is shaped by broader contextual factors. [11] show that while 

individual religiosity is positively related to democratic participation, higher levels 

of religiosity at the national level may be associated with lower overall participation. 

Similarly, comparative studies demonstrate that religiosity can have opposite effects 

across countries. For example, [1] find a negative effect of religiosity in Spain but 

a positive effect in Brazil and South Korea, reflecting differences in historical 

mobilization and churchïstate relations. 

Another important dimension of the religiosityïpolitics relationship concerns 

political attitudes. Religiosity is often linked to stable value systems that influence 

political preferences and attitudes. [12] show that religiosity affects political 

attitudes through underlying value orientations. Similarly, [13] demonstrate that the 

relationship between religiosity and political attitudes depends on the level of 

engagement with political discourse, suggesting that religiosity shapes attitudes 

more strongly among politically engaged individuals. 

In addition, empirical evidence from different national contexts supports the idea 

that religiosity is particularly important for electoral participation. Studies in Poland 

show that religiosity influences voting behavior through both value-based and 

institutional mechanisms , while research in Russia highlights the importance of 

distinguishing between religious belonging and behavior when analyzing 

participation patterns [14, 15, 16]. 

Overall, the literature suggests that religiosity is most consistently associated with 

low-cost, routine forms of participation, such as voting, while its relationship with 

more demanding forms of engagement, such as activism or political involvement, 



 178 

is weaker and more inconsistent. This indicates that religiosity may shape political 

predispositions and attitudes more strongly than actual political behaviour. 

Taken together, these findings highlight the importance of adopting a 

multidimensional approach to both religiosity and political participation. Rather 

than assuming a uniform effect, the literature demonstrates that religiosity operates 

through multiple mechanismsðorganizational, psychological, and contextualðand 

its influence varies depending on the type of participation, the dimension of 

religiosity considered, and the broader socio-political environment. 

Following hypotheses were developed: 

H1 (Past electoral participation): Individuals with higher levels of religiosity exhibit 

significantly higher rates of past electoral participation compared to less religious 

individuals. 

H2 (Voting intentions): Individuals with higher levels of religiosity exhibit 

significantly higher intentions to vote in future elections compared to less religious 

individuals. 

H3 (Higher-order participation): Individuals with higher levels of religiosity exhibit 

significantly higher rates of higher-order political participation compared to less 

religious individuals. 

H4 (Political involvement): Individuals with higher levels of religiosity exhibit 

significantly different levels of political involvement compared to less religious 

individuals. 

H5 (Political information seeking): Individuals with higher levels of religiosity 

exhibit significantly different levels of political information seeking compared to 

less religious individuals. 

H6 (Perceived risk): Individuals with higher levels of religiosity exhibit 

significantly different levels of perceived political risk compared to less religious 

individuals. 

H7 (Political trust): Individuals with higher levels of religiosity exhibit significantly 

higher levels of trust in political actors compared to less religious individuals. 

H8 (Party loyalty): Individuals with higher levels of religiosity exhibit significantly 

higher levels of party loyalty compared to less religious individuals. 

H9 (Satisfaction with party choice): Individuals with higher levels of religiosity 

exhibit significantly higher levels of satisfaction with their party choice compared 

to less religious individuals. 
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3 Methodology 

3.1 Data collection 

The main data were collected with an in-person survey conducted on a convenient 

sample of all persons over 18 years of age, i.e., all persons with legal voting rights. 

The research instrument used was a structured questionnaire based on previous 

research in the field. The research was conducted on a sample of five Slavonian 

counties: Brodsko - Posavska, Osjeļko - Baranjska, Poģeġko - Slavonska, 

Virovitiļko - Podravska, and Vukovarsko ï Srijemska in Republic of Croatia. The 

investigators were instructed to examine one woman and one man from each age 

group (18-31 years, 32-45 years, 46-59 years, and 60 years and older) to ensure 

equal representation of all age and gender groups. The sociodemographic 

characteristics of the sample are shown in Table 1. 

 

 n % 

Gender 658 100 

  

  

Male 328 49,7 

Female 331 50,3 

Age group 657 100 

  

  

  

  

18 ï 31 170 25,9 

32 ï 45 169 25,7 

46 ï 59 163 24,8 

60+ 155 23,6 

Level of education 658 100 

 Elementary school 62 9,4 

High school  372 56,5 

Faculty 221 33,4 

PhD 3 0,7 

Employment 662 100 

 Student 110 16,6 

Unemployed 64 9,7 

Employed 320 48,3 
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Retired 168 25,4 

Table 1. 

Sample description 

Source: Author 

3.1 Variables and measurement 

This study employed multiple variables to capture different dimensions of political 

engagement, including behavioral, attitudinal, and cognitive aspects. All variables 

were measured using Likert-type scales ranging from 1 to 5, where higher values 

indicate stronger agreement or higher frequency, depending on the construct. 

Religiosity was measured using a scale specifically developed for the purposes of 

this study. Respondents evaluated their level of religiosity through three statements: 

ñI consider myself a religious person,ò ñReligion plays a significant role in my life,ò 

and ñReligion is an important part of my life values.ò Responses were measured on 

a five-point Likert scale, and the items were combined into a single composite 

variable representing overall religiosity. 

Political participation intentions were measured based on the framework proposed 

by [17] which distinguishes between different forms of political engagement. The 

scale included items capturing both conventional and non-conventional 

participatory intentions, allowing for a broader understanding of individualsô 

willingness to engage in political activities. 

Political information seeking was measured using a five-item scale adapted from 

[18]. Respondents assessed how frequently they inform themselves about politics 

through different media channels (television, radio, printed media, online news 

platforms, and social media), using a scale from 1 (never) to 5 (very often). 

Satisfaction with political choice was measured using a five-item scale adapted from 

[19]. The scale captures respondentsô level of agreement with statements reflecting 

satisfaction with their previous electoral choice, including the political party or 

candidate they supported in the last election. 

Party loyalty was measured using a three-item scale adapted from [20]. Respondents 

evaluated their agreement with statements reflecting their commitment and 

attachment to a specific political party or candidate. Perceived political risk was 

measured using a five-item scale adapted also from [20]. The scale captures 

respondentsô perceptions of uncertainty and potential negative outcomes associated 

with political decisions and participation. 

Political involvement was measured using a five-item scale also adapted from [20]. 

This variable reflects respondentsô interest in politics, as well as the perceived 

importance of political issues in their lives. 
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Political trust was measured using items adapted from [19], capturing respondentsô 

level of trust in political actors, political programs, and political parties. 

Respondents indicated their agreement with statements reflecting their confidence 

in political institutions and actors on a five-point Likert scale. 

All multi -item scales demonstrated acceptable internal consistency (Cronbachôs Ŭ 

> 0.70) 

4 Research results 

The empirical analysis examined differences between religious and non-religious 

respondents across multiple dimensions of political engagement using independent 

samples t-tests. The results reveal a differentiated pattern of relationships between 

religiosity and political behavior, participatory intentions, and political attitudes. 

Results of the analysis are depicted in Figures 1, 2, 3 and 4. 

Figure 1. Electoral participation and participation intentions 

 

Figure 2.  

Political involvement, political information seeking and perceived political risk 

Source: Author 
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Figure 3. 

Trust in people, programs and parties 

Source: Author 

 

 

Figure 4. 

 Party loyalty and satisfaction with political choice 

Source: Author 
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Source: Author 

The results indicate statistically significant differences in both past electoral 

participation and intention to vote, supporting hypotheses H1 and H2. Religious 

respondents reported higher levels of electoral participation (M = 4.24) compared 

to non-religious respondents (M=3.85), with the difference being statistically 

significant (t =-3.897, p<.001) . Similarly, religious individuals expressed stronger 

intentions to vote (M=4.40) than non-religious individuals (M=4.02), with a 

statistically significant difference (t =-3.676, p<.001). In contrast, no statistically 

significant differences were found in political involvement or higher-order political 

participation, including both conventional and non-conventional participatory 

intentions. These results do not support hypotheses H3 and H4, indicating that 

religiosity does not extend its influence to more demanding or resource-intensive 

forms of political engagement. The analysis further revealed statistically significant 

differences in several attitudinal dimensions, supporting hypotheses H5, H6, H7, 

H8 and H9. Religious respondents reported higher levels of political information 

seeking (M=3.06 vs. 2.79; t=-3.471, p<.01), higher perceived political risk (M= 4.12 

vs. 3.77; t=-3.803, p< .001), higher trust in people (M= 3.01 vs. 2.62; t=-3.865, p< 

.001), higher trust in political programs (M= 3.48 vs. 3.10; t= -3.688, p<.001), 

higher trust in political parties (M= 2.70 vs. 2.43; t=-3.227, p<.01), greater party 

loyalty (M=2.89 vs. 2.27; t=-4.712, p<.001) and greater satisfaction with political 

choice (M=3.59 vs. 3.27; t = -2.986, p < .01). 

These findings indicate that religiosity is strongly associated with attitudinal and 

cognitive aspects of political engagement, including trust, information processing, 

and political alignment. 
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5 Discussion 

The findings of this study contribute to the literature on religiosity and political 

participation by offering a multidimensional perspective on political engagement in 

a transitional democratic context. The results indicate that religiosity is significantly 

associated with electoral participation and voting intentions, but not with more 

demanding forms of political involvement. 

The positive relationship between religiosity and voting behavior aligns with 

previous research emphasizing the mobilizing role of religious institutions [8, 16]. 

Religious environments provide individuals with civic skills, social networks, and 

exposure to political information, which facilitate participation in low-cost, 

institutionalized activities such as voting. These findings support the resource-based 

explanation of political participation, according to which religious organizations act 

as important channels of civic engagement. 

In contrast, the absence of significant differences in political involvement and 

higher-order participation confirms that religiosity does not uniformly increase all 

forms of engagement. This is consistent with studies suggesting that religiosity 

alone may not be sufficient to stimulate active or demanding forms of participation, 

particularly when not accompanied by organizational involvement [10]. More 

complex forms of engagement, such as activism or campaigning, require higher 

levels of political efficacy, motivation, and resources, which religiosity does not 

necessarily provide. 

The results also reveal that religiosity is strongly associated with several attitudinal 

dimensions, including political information, party loyalty, satisfaction with political 

choice, trust in political actors, and perceived political risk. This suggests that 

religiosity plays an important role in shaping political predispositions and 

alignment, reinforcing stable value systems and ideological consistency. These 

findings are consistent with research showing that religiosity influences political 

attitudes through value-based orientations and identity mechanisms [13]. 

An important contribution of this study lies in identifying a potential ñattitudeï

behavior gapò in the relationship between religiosity and political engagement. 

While the results indicate that religiosity is associated with several attitudinal 

dimensionsðincluding political information, party loyalty, satisfaction with party 

choice, trust in political actors, and perceived political riskðthese differences do 

not translate into higher levels of political involvement or more demanding forms 

of participation. In other words, more religious individuals appear to be cognitively 

and attitudinally engaged with politics, yet this engagement does not consistently 

result in concrete political action. 

This pattern suggests a decoupling between political predispositions and behavioral 

outcomes, which is consistent with prior literature emphasizing that political 

participation requires not only motivation and attitudes but also sufficient resources, 

opportunities, and mobilization mechanisms [8, 13]. While religiosity may 

contribute to the formation of stable political orientations and value-based 
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alignment, it does not automatically overcome the barriers associated with higher-

cost political activities. These barriers may include limited political efficacy, lack 

of targeted mobilization, or contextual constraints typical of transitional democratic 

environments. 

From this perspective, religiosity appears to operate primarily at the level of 

cognitive and normative engagement, rather than as a direct driver of behavioral 

participation. Religious individuals may be more informed, more politically 

oriented, and more consistent in their attitudes, yet still remain relatively inactive in 

terms of actual political involvement. This finding reinforces the argument that 

social norms and value systems do not necessarily translate into observable 

behavior, particularly in the absence of effective mobilization. 

This insight has particularly important implications for political marketing. Rather 

than assuming that religious individuals are more politically active, the findings 

suggest a more detailed interpretation: religious individuals may be easier to target, 

but not necessarily easier to mobilize. They appear to be more receptive to political 

messages, more capable of processing political information, and more likely to hold 

stable partisan preferences. However, this does not imply that they will 

automatically engage in political action without additional stimuli. 

Consequently, political campaigns targeting religious segments may need to shift 

from a predominantly persuasion-oriented approach to a more explicit activation 

strategy. While persuasion efforts may be effective in shaping or reinforcing 

attitudes among religious voters, mobilization requires addressing the gap between 

predisposition and action. This may involve stronger calls to action, personalized 

outreach, or the use of trusted community networks to lower participation barriers. 

In this sense, religiosity should be understood not only as a segmentation variable, 

but also as an indicator of different campaign needs, where the key challenge lies 

not in influencing attitudes, but in converting them into behavior. 

 

Conclusions  

This study set out to examine the relationship between religiosity and different 

dimensions of political engagement, with a particular focus on electoral 

participation, political involvement, participatory intentions, and political attitudes. 

The findings provide evidence that religiosity is not a uniform driver of political 

behavior, but rather a selective factor that operates differently across various forms 

of engagement. 

The results show that religiosity is significantly associated with routine electoral 

participation and intention to vote, with more religious individuals reporting higher 

levels of both past voting behavior and future voting intentions. At the same time, 

no significant differences were found in political involvement or higher-order forms 

of participation, suggesting that religiosity does not extend its influence to more 

demanding or resource-intensive types of political activity. In addition, religiosity 

is linked to several attitudinal dimensions, including political information, party 
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loyalty, satisfaction with party choice, trust in political actors, and perceived 

political risk. Taken together, these findings indicate that religiosity primarily 

shapes cognitive and attitudinal engagement, rather than consistently translating 

into behavioral participation. 

One of the key contributions of this study is the identification of an attitudeï

behavior gap in the context of religiosity and political engagement. While religious 

individuals appear to be more informed, more politically oriented, and more stable 

in their attitudes, this does not automatically lead to greater political involvement 

or action. This gap suggests that the relationship between predispositions and 

behavior is mediated by additional factors, such as mobilization efforts, perceived 

efficacy, and contextual constraints, particularly in transitional democratic 

environments. 

From the perspective of political marketing, these findings carry important 

implications. Religiosity can be considered a relevant segmentation variable, 

especially in relation to electoral behavior and attitudinal alignment. Religious 

individuals appear to be more receptive to political communication, more likely to 

process political information, and more inclined toward stable partisan preferences. 

However, they are not necessarily more likely to engage in political action without 

targeted mobilization. This implies that political actors should not assume that 

favorable attitudes will automatically result in participation. Instead, campaign 

strategies should differentiate between persuasion and activation. While persuasion 

strategies may be effective in reinforcing attitudes among religious voters, 

activation strategiesðsuch as personalized outreach, community-based 

mobilization, and clear calls to actionðare necessary to convert these 

predispositions into actual participation. In this sense, religiosity highlights not only 

who can be targeted, but also how they should be engaged. 

Despite its contributions, this study is subject to several limitations. First, the use of 

cross-sectional survey data limits the ability to draw causal inferences about the 

relationship between religiosity and political behavior. Second, religiosity is 

measured as a general socio-cultural variable, which does not fully capture its 

multidimensional nature (e.g., differences between belief, practice, and 

organizational involvement). Third, the analysis relies on self-reported measures of 

participation and attitudes, which may be subject to social desirability bias. Fourth, 

the findings are context-specific and may not be fully generalizable beyond the 

observed national and transitional democratic setting. 

These limitations point to several avenues for future research. Further studies should 

incorporate more refined and multidimensional measures of religiosity in order to 

distinguish between its different components and their respective effects on political 

behavior. Longitudinal or experimental designs would be particularly valuable in 

establishing causal mechanisms and in examining how religiosity interacts with 

political mobilization over time. In addition, future research should explore the role 

of intermediary factors, such as political efficacy, social networks, and exposure to 
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campaign communication, in bridging the attitudeïbehavior gap. Finally, 

comparative studies across different political and cultural contexts would help to 

clarify the extent to which the observed patterns are context-dependent, particularly 

in relation to varying levels of democratic consolidation. 

Overall, the findings underscore the importance of treating political participation as 

a multidimensional phenomenon and of recognizing religiosity as a factor that 

shapes political engagement in selective and context-dependent ways. Rather than 

uniformly increasing participation, religiosity appears to strengthen electoral 

behavior and attitudinal alignment, while leaving deeper forms of political 

involvement largely unaffected. 
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Abstract: The African Continental Free Trade Area (AfCFTA) is the world ǋs largest free 
trade area, with 54 of the 55 African Union members as signatories and an engine of Africa 

ǋs continental integration agenda. South Africa has a close association with Africa trade and 

its economic relationship with the continent is expanding amidst ongoing obstacles in fully 

using the AfCFTAǋs potential. This paper aims to examine the trade policy harmonization 

requirements prescribed by AfCFTA, their implications, assess the extent to which South 

Africa's current trade policy framework aligns with these obligations, recommend targeted 

policy interventions to overcome identified barriers and strengthen South Africa's AfCFTA 

harmonization. The study reveals that despite partial compliance with the AfCTA substantial 

harmonization, shortfalls caused by institutional fragmentation, tensions between SACU and 

AfCFTA and constraints in GNU governance require the establishment of dedicated AfCTA 

Harmonization Unit, a formal alignment protocol between the SACU and AfCTA and a time 

sensitive roadmap for the elimination of non-tariff barriers. The paper subsequently reaches 

the conclusion that the AfCTA imposes extensive harmonization obligations that have 

substantial implications for South Africaǋs trade governance framework. It also argues that 

the current framework in the country reflects partial but insufficient alignment which is 

driven by institutional fragmentation, SACU -AfCFTA tensions and GNU governance 

constraints. To address these barriers, a dedicated AfCTA Harmonization Unit, a formal 
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SACU- AfCFTA alignment protocol and a time bound non-tariff barrier elimination roadmap 

are necessary in systematic policy gap analysis that is absent in the existing literature. 

Keywords: African Continental Free Trade Area (AfCFTA); trade policy harmonization; 

Intra-African trade; regional economic integration; non-tariff barriers; South Africa; trade 

governance; Southern African Customs Union (SACU); Government of National Unity 

(GNU). 

1 Introduction  

The African Continental Free Trade Area (AfCFTA) is the largest free trade area in 

the world by membership. It includes fifty-five African Union countries, creating 

an integrated market of 1.4 billion people with a total GDP of approximately US$3.4 

trillion [1]. The AfCFTA is the most important part of the African Union's Agenda 

2063. It aims to increase trade within Africa and use trade to grow the economy, 

industrial growth, and inclusive development [2]. South Africa, the most 

industrialized country in Africa, started preferential trade under the AfCFTA on 

January 31, 2024. It published the Southern African Customs Union (SACU) joint 

offer, covering 90% of the tariff book [1]. However, South Africa's trade policies 

do not fully comply with AfCFTA rules. The country has a gap in a separate trade 

policy document under the Government of National Unity (GNU) [4]. 

Investigations by the International Trade Administration Commission (ITAC) take 

an average of 28 months instead of the required six months. The SACU Tariff 

Board, which was set up in 2002, is still not functioning. Tariffs on intermediate 

goods average 20%, which decreases the competitiveness that the AfCFTA aims to 

improve [5]. This mix of joining the AfCFTA and not fully aligning with its rules 

is the research problem examined in this study. There are three groups of studies on 

this topic. The first group examines South Africa's success in the AfCFTA process 

through legal and procedural studies. The Trade Law Center (TRALAC) examines 

the SACU Common External Tariff reduction plan, the remaining rules for textiles, 

cars, and some farm products, and how ready the South African Revenue Service is 

to manage preferences [6], [7]. The 2023 Trade Policy Review by the World Trade 

Organization shows that SACU members have mostly aligned customs matters but 

not their sectoral policies. The SACU is encouraged to simplify its common external 

tariff [8]. The second group includes studies on the AfCFTAôs economic 

development in Southern Africa. The African Development Bank uses a model to 

show that AfCFTA members face problems in creating a unified policy, especially 

regarding non-tariff barriers, competition, and investment [9]. The World Bank's 

main study estimates that full implementation could increase African real income 

by 7% and help alleviate the poverty of 30 million people by 2035. This also 

suggests the need for training and support for national trade ministries [10]. 

Addressing this issue is important for many groups. For South African 
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policymakers, harmonization is crucial because the economy is growing slowly 

only 1.1% GDP growth in 2024. Unemployment is high at 31.9%, and youth 

unemployment is over 44%. AfCFTA market access is one of the few ways to 

improve exports and push industries [13]. For the SACU and AfCFTA Secretariat, 

South Africa's domestic alignment is valuable for the region. South Africa is a major 

player in intra-Southern African Customs Union (SACU) exports and has the largest 

trade surplus in Africa [3]. This study examines the trade rules set by the AfCFTA 

and their implications for South Africa. It checks whether South Africa's current 

trade rules, influenced by the ITAC, SACU, and GNU, match these requirements. 

The study also suggests specific policy changes to address the problems that make 

it difficult to follow these rules. This study fills a gap in the current research and 

provides a plan to help South Africa fully participate in the AfCFTA. 

1.1 Problem statement 

The African Continental Free Trade Area (AFCFTA) is the world ǋs largest free 

trade area by 54 of the 55 African Union members as signatories and an engine of 

Africa ǋs continental integration agenda. South Africa has a close association with 

Africa trade and its economic relationship with the continent is expanding amid 

ongoing obstacles in fully using the AFCFTAǋs potential. Despite South Africa 

signed AFCFTA and stated it will use the agreement as strategic trade priority. It 

does not have clear and consistent trade policy framework that effectively 

harmonize with AFCFTAǋs obligations. South Africaǋs trade policy misalignment 

with AFCFTA harmonization obligations is demonstrated by the lack of official 

GNU trade policy documents [1]. ITAC investigation decisions averaging 28 

months instead of the mandated six-month timeline [1]. The persistent non -

operational status of the SACU Tariff Board established in 2002 and intermediate 

duties averaging 20% compromise the competitiveness that AFCFTA 

harmonization aims to promote [1]. The results of this misalignment are both 

economic and regional domestically intermediate goods tariffs average 20% lower 

the competitiveness of downstream firms in the Africa markets. AFCFTA aims to 

facilitate openness benefit sharing among SACU member states and hinders the 

continental integration initiative. AFCFTA is intended to foster[1].Even though 

Fundira[1] thoroughly outlines the governance challenges and institutional tensions 

influencing South Africaǋs trade policy under the GNU , the current literature has 

not systematically analysed the precise alignment between South Africaǋs domestic 

trade policy framework and harmonization obligations of the AFCFTA nor has it 

suggested targeted interventions to rectify this identified gap a significant oversight 

considering the imperative of effective harmonization for South Africa ǋs 

continental integration Agenda. This paper aims to assess the trade policy 

harmonization requirements established by AFCFTA and their implications for 

South Africa assess the alignment of South Africaǋs existing trade policy framework 

with these obligations and propose specific policy interventions to overcome 

identified barriers and enhance South Africa ǋs AFCFTA harmonization. 
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1.2 Research questions 

1. What are the trade policy harmonization requirements prescribed by 
AfCFTA and what are their specific implications for South Africa's 

domestic trade governance framework? 

2. To what extent does South Africa's current trade policy framework, as 
shaped by ITAC, SACU, and GNU governance structures, align with 

AfCFTA harmonization obligations? 

3. What are the key institutional, structural, and governance barriers to 
effective trade policy harmonization in South Africa and what targeted 

policy interventions are needed to strengthen AfCFTA compliance? 

1.3 Aims 

This paper therefore aims to examine the trade policy harmonization requirements 

prescribed by AfCFTA and their implications for South Africa, assess the extent to 

which South Africa's current trade policy framework aligns with these obligations, 

and recommend targeted policy interventions to overcome identified barriers and 

strengthen South Africa's AfCFTA harmonization. 

1.4 Objectives 

1. To examine the trade policy harmonization requirements prescribed by 
AfCFTA and their specific implications for South Africa's domestic trade 

governance framework. 

2. To assess the extent to which South Africa's current trade policy 
framework, as shaped by ITAC, SACU, and GNU governance structures, 

aligns with AfCFTA's harmonization obligations. 

3. To identify the key institutional, structural, and governance barriers to 
effective trade policy harmonization in South Africa and recommend 

targeted policy interventions to strengthen AfCFTA compliance 
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2 Literature Review 

2.1 Regional Integration Theory 

2.1.1 Neofunctionalism and Spillover Theory 

Originally developed by Haas as a framework for understanding the coal and steel 

community in his 1958 research paper, neofunctionalism suggests that once states 

collaborate in one policy area, strong forces are driving them toward increasing 

collaboration with other related areas []. Neofunctionalism scholarsô reasoning is 

based on two interrelated processes that create greater integration among states. The 

first process is that both governmental and nongovernmental actors are likely to 

favour supranational authorities over domestic governments when they wish to 

pursue their interests. Functional spillover is created when the initial goal of an 

integration effort cannot be completed without additional action to achieve the goals 

of the integration effort; this new goal for achieving integration objectives is a result 

of the inherent interconnectedness of various policy sectors[4].The two types of 

multinational actor pressure on national governments, in addition to functional 

pressure, are the active creation of additional intergovernmental bargains and the 

co-option of national government officials into these bargaining processes. These 

processes create additional pressures for deeper integration as multinational 

bureaucracies expand their authority and ability to promote deeper 

integration[3].Similarly, in Africa, the same factors  that create spillovers and path 

dependence for deepening regional cooperation at the multinational level will also 

cause cooperation to go beyond what was initially agreed upon in the first 

intergovernmental agreement[5].This can be seen through South Africaôs selective  

rejection of harmonization in industrial areas, which may give priority to 

developmental over spillover rationality in those sectors. Neofunctionalism 

provides an explanation of the structural logic to deepen regional integration via the 

AfCFTA. However, neofunctionalism does not explain state agency when their 

national sovereignty is at risk, which is better explained by intergovernmentalism, 

as will be discussed in the next section. 

2.1.2 Intergovernmentalism and Sovereignty Constraints 

Intergovernmentalism is a regional integration model developed by Stanley 

Hoffman as a direct critique of neofunctionalism. It states that national governments 

remain both the primary and decisive actors in regional integration and cooperate 

to the extent that their interests are advanced through cooperation[9].In this regard, 

intergovernmentalism disagrees with the ideology of a self-perpetuating integration 

process and sees regional integration as the result of rational and calculated 

bargaining among national governments that weigh the costs and benefits of 

cooperation based on their respective national interests[10].In an important way 

however Hoffmann also identified two types of state behaviour regarding politic 
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including a lower politics type where states are open to delegation by state and a 

higher politics that is highly connected to national sovereignty and thus are very 

unwilling to relinquish authority[10].Intergovernmentalism differs from 

neofunctionalism in its view of how multinational institutions influence integration. 

While neofunctionalism views multinational institutions as independent forces 

driving integration, intergovernmentalism emphasizes that multinational 

institutions are merely secondary to national government decisions; therefore, states 

collaborate at times when they have mutually beneficial objectives[11].The 

emphasis of the intergovernmental approach on the role of member states as the key 

actors in this process is that the result is from political will and negotiation processes 

and not due to structural functional pressure[12].The benefits of this framework can 

help  us understand why South Africa has selectively engaged with its obligations 

to harmonize with other AfCFTA members. This raises important questions about 

how to achieve a balance between state sovereignty and regional integration 

objectives. The flexibility to pursue their own legitimate policy interests provided 

by the flexible application allowed to member states creates an additional level of 

controversy, which indicates the ongoing tension around sovereignty[13].In the 

same way that South Africaôs protectionist industrial policies in automotive 

manufacturing and agricultural sectors exemplify Hoffmannôs low/high politics 

distinction, wherein  Pretoria will accept tariff liberalization as low politics but 

seeks to protect its domestic industrial policy space as a matter of sovereign right, 

the fact that national differences are likely to prevail where integration logic 

conflicts with sovereign diversity means that integration will stall at the point at 

which it impacts upon high politics[3].While intergovernmentalism provides an 

accurate explanation of why some countries, such as South Africa, are reluctant to 

pursue  a fully harmonized integration process when their sovereignty is threatened, 

it provides little normative direction on how member state developmental goals may 

be achieved through integration, a point that Developmental Regionalism addresses 

in relation to African integration. In this regard, Developmental Regionalism has 

framed African integration as not just an act of liberalization but as a conscious 

approach to structurally transforming both individual member states and the 

continent as a whole, which will be explored further in the following section [14]. 

2.1.3 Developmental Regionalism in the African Context 

Developmental Regionalism suggests that regional integration in Africa should be 

an active tool for structurally transforming economies to promote industrialization 

and equitable economic growth. Therefore, it is the most contextual theory available 

to assess the implications of the AfCFTAôs harmonization obligations on South 

Africa [15].In its seminal report on developmental regionalism (UNCTAD) makes 

clear that achieving regional integration by developing intergovernmental 

cooperation among member states in many sectors beyond trade includes foreign 

direct investment. Research and Development, as well as all necessary policy 

actions, are required to accelerate industrial development within the region and 

provide regional infrastructure[16].The Developmental Regionalism approach is 

designed to help African Union member states achieve mutually beneficial trade 
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among themselves and to encourage and develop their own industrial development 

capabilities and upgrade the quality of regional value chains to enable 

Transformative Industrialization[17].This  approach could be applied to the 

AfCFTA. Ismail suggests that if the African Union Member States adopt the 

Developmental Regionalism approach, they will establish a virtuous cycle of fair 

trade, Transformative industrial development, cross-border investments and 

democratic governance through the continent [18]. For the past decade, Africaôs 

economic policies have consistently focused on productive restructuring and 

industrialization. Policymakers have repeatedly emphasized the importance of 

regionalism as a means of supporting production using economies of scale, regional 

production networks, and larger markets for African producers [19]. The above 

framework is highly applicable to South Africaôs involvement in the AfCFTA 

harmonization efforts. South Africaôs National Development Plan (NDP) 2030 

clearly ties trade policy to the goals of domestic industrialization, job creation, and 

equitable economic development. These objectives cannot be accomplished solely 

via tariff liberalization. Number of countries on the continent have developed their 

own national development plans which advocate targeted state intervention to 

promote their domestic industrial base. This has created tension between national 

developmental objectives and regional integration responsibilities [19]. In contrast, 

developmental regionalism addresses this tension not by disengaging from 

liberalization but rather by requiring that harmonization obligations are both 

designed and implemented to allow member states to maintain the necessary policy 

flexibility to pursue industrial development. As such, there is a significant 

opportunity for developmental regionalism to create a self-reinforcing cycle of 

regional trade integration, transformative industrialization, cross-border 

infrastructure development, democratic governance, equity, and good governance, 

thereby allowing the AfCFTA to become a seminal moment in Africaôs transition 

towards becoming a prosperous and integrated continent[15].Therefore, for South 

Africa, compliance with AfCFTA harmonization obligations should not be viewed 

solely as a requirement for liberalizing its trade policies, but also as a developmental 

strategy aligned with the NDP goals of structural transformation and 

industrialization. To achieve effective harmonization within a developmental 

regionalist paradigm that seeks to balance liberalizing trade with national 

development via industrial policies, it becomes essential to analyze the specific 

institutional architecture of the African Continental Free Trade Area (AfCFTA), its 

institutional framework, protocol on goods, protocol on services, and 

Harmonization Mechanism. 

2.2 AfCFTA's Architecture  

2.2.1 Origins, Objectives and Institutional Framework 

The roots of the African Continental Free Trade Agreement (AfCFTA) are in the 

African Unionôs Agenda 2063 long-term developmental strategy. This represents 

the most comprehensive representation of Pan-Africanism in terms of an 
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economically integrated Africa, as well as the development of a multi-layered  

institutional structure intended to enable the harmonization of trade policies among 

all 55 members of the African Union[1],[20].Agenda 2063 is the overall plan for 

achieving an integrated, sustainable, and inclusive model of development in Africa, 

as well as the practical expression of the Pan Africanist drive for unity, 

independence, freedom, progress, and shared prosperity, as envisioned by Pan 

Africanism and the African Renaissance[20].The African Continental Free  Trade 

Area(AfCFTA), agreed upon at the 18th ordinary session of the Assembly of Heads 

of State and Government held in January 2012, was signed on March 21, 2018, in 

Kigali, Rwanda. The Agreement entered into force on May 30, 2019, while trade 

commenced within the AfCFTA framework from 1st January 2021[1].Its primary 

goals are to create a single market for both goods and services to increase the goals 

of continental economic integration, establish a basis for the creation  of a 

Continental Customs Union, and promote sustainable and inclusive social and 

economic development, gender equity, and transformation of the state[1]. 

Institutionally, the Agreement provides that the four bodies created pursuant to Part 

III of the AfCFTA Agreement will be the African Union Assembly, the Council of 

Ministers, the Committee of Senior Trade Officials, and the Secretariat. The above 

four bodies were established by the Articles of the Agreement [21]. There are three 

levels of institutions, each with different roles, that work together to implement the 

harmonization mandate outlined in the AfCFTA. The Assembly has the final say 

and will make decisions on the interpretation of the AfCFTA Agreement based on 

recommendations from the Council of Ministers. All decisions made by the 

Assembly require a consensus [1]. The Council of Ministers ensures that the terms 

of the Agreement are implemented effectively and enforced. They also oversee all 

committees and other organizations created under the Agreement. The Council of 

Ministers can issue orders and review reports submitted by the Secretariat [22]. The 

Committee of Senior Trade Officials is comprised of Permanent or Principal 

Secretaries appointed by each member state. Their role is included in each member 

state. Their role includes executing the decisions of the Council of Ministers and 

offering technical support regarding all aspects of the Agreementôs protocols [22]. 

The AfCFTA Secretariat, which was formally launched at an event held in Accra, 

Ghana, on August 17, 2020, is the first and only permanent AfCFTA institution. 

The Secretariatôs main functions include facilitating the implementation process by 

calling meetings, monitoring and evaluating progress toward achieving the 

objectives of the Agreement, and providing technical support to member 

states[22].Therefore, South Africaôs engagement with these institutions provides 

the primary means through which South Africa negotiates its obligation to achieve 

harmony, interprets what that entails,  and contests how that may be achieved. The 

institutional framework for the AfCFTA establishes a system to administer the 

obligation to achieve convergence; however, it is the two principal legal documents 

that contain the specific obligations, thus providing the basis for what would be 

required of South African trade policies for achieving such obligations, which are 

analyzed in the next section [1]. 
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2.2.2 Protocols on Trade in Goods and Services 

Two main legal instruments of the AfCFTA Protocol on Trade in Goods and the 

Protocol on Trade in Services define the scope of AfCFTA ǋs trade integration 

agenda, as we agenda as well as outline the core liberalization obligations State 

Members have a legal obligation to fulfil [1]. The Protocol on Trade in Goods 

obligates all State Parties to gradually reduce tariffs imposed on imports of goods 

originating from any other State Party by eliminating them according to their 

Schedules of Tariff Concessions and prohibits imposing any new import tariffs or 

additional charges having an equal effect to such tariffs on originating goods [1]. 

The agreed tariff liberalization modalities structure tariff concessions into three 

categories: 90% of non-sensitive tariff lines will be liberalized within a five-year 

time frame for non-least developed country members,7% designated as sensitive 

tariffs which have longer transitional periods, and no more than 3% of tariff lines 

can be transitional lines and excluded from tariff liberalization based upon limited 

criteria such as food security, national security, tax revenues, livelihood, and 

industrialization[22]. The Protocol on Trade in Services extends to all government 

measures adopted or maintained by State Party Members that affect trade in 

services. State Party Members are required to continually open their markets to trade 

in services under the principle of reciprocity, equity balance, and mutual benefits, 

thereby removing barriers to trade in services [1]. To pursue this objective, member 

states are obligated to negotiate trade liberalizations in five key service areas in 

successive rounds. However, there is no specific time limit for achieving substantial 

liberalization of services trade as defined in the Agreement since the Protocol does 

not provide either a definition of what would constitute a substantial level of 

liberalization or a binding timetable for achieving it [22]. The Goods Protocol and 

the Services Protocol have significant differences in terms of their implementation. 

These differences also have serious implications for South Africaôs compliance 

obligations. While the Goods Protocol only deals with trade in goods and does not 

include services, the Services Protocol covers all service sector purchases and 

international civil aviation [2]. Global services liberalization uses the appositive list 

method to open markets. Each country lists the areas in which it is willing to open 

its markets including exceptions for national treatment market access by type of 

mode of supply namely cross border delivery, consumption outside of the State Paty 

establishment in the territory of another state Party and temporary entry into the 

territory of another State Party and temporary entry into the territory of another state 

Party by Individuals[26]The positive list method used to achieve liberalization in 

services liberalizes services at pace that depends upon the State Parties willingness 

to make commitments to liberalize an issue that intergovernmentalism suggest will 

occur slowly due to reluctance to make commitments on sensitive sectors such 

financial services, telecommunication and professional services. In addition, 

through February 2024, the agreed-upon Rules of Origin account for 92.3 percent 

of all tariff lines; thus, there remain pending negotiations with respect to textile 

clothing, automobiles, and other sectors of critical importance to South Africa ǋs 

industrial base [22]. Because of these negotiating asymmetries, South Africa is 

likely to face greater pressure for harmonization in the area of the greatest protection 
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of its industrial policies. The effectiveness of the scope and commitments made by 

both agreements is ultimately contingent on how these agreements are 

implemented, namely through the harmonized Tariff schedules of the United States 

and Canada, the Rules of origin that define eligible products for preference 

treatment, the tariff liberalization schedule that binds participating countries to 

progressively eliminate tariffs over an asset period of time, and the  Framework 

Agreement on Non-Tariff Barriers, which identifies trade at the border that will be 

addressed. 

2.2.3 Harmonization Mechanisms-Rules of Origin, Tariffs, and Non-Tariff 

Barriers  

Harmonization under the AfCFTA will be facilitated by a legal structure with the 

potential for enforcement, which will occur primarily in three ways: tariff reduction 

and removal, creation and implementation of common rules of origin, and formal 

processes to eliminate non-trade barriers. Each of these mechanisms sets out 

specific enforceable legal obligations for all state parties involved in the agreement. 

The combined effect of these binding commitments defines the size of the gap in 

terms of policy that exists relative to how South Africaôs trade policy currently 

operates. 

Rules of origin (ROO) specify which goods are regarded as originating from a 

member state and are hence eligible for preferential tariff treatment under the 

Agreement. As of February 2024, the agreed-upon rules of origin covered 92.3% of 

all tariff lines, indicating significant progress toward the entire negotiating target. 

However, the rules of origin for the textile, automobile, and clothing sectors, which 

form South Africaôs largest industrial and export profile, are not yet finalized, 

greatly affecting South Africaôs compliance as exporters are uncertain whether their 

products    would qualify for AfCFTA benefits, and the absence of regulatory clarity 

by local policymakers hinders industrial policy connection with continental 

commitments. 

Trade liberalization requires member states to eliminate import duties on goods 

originating from other State Parties in accordance with their particular Tariff 

Concession Schedules, while also banning the imposition of any additional tariffs 

or similar charges on such commodities. This provides three tiers of classification:  

90% of non-sensitive tariff lines must be fully liberalized within five years for non-

LDC members, such as South Africa; up to 7% of tariff lines are designated as 

sensitive and attract longer transition periods; and no more than 3% of tariff lines 

may be excluded from liberalization completely, subject to strict justification on the 

grounds of food security, national security, and revenue. Member states are 

obligated to gradually abolish import levies on goods originating from other State 

Parties in accordance with their particular Tariff Concession Schedules and abolish 

additional tariffs or similar charges on such commodities. 

Beyond tariffs, the AfCFTA establishes a formal framework for identifying and 

eliminating non-tariff barriers that restrict trade flows. These include bureaucratic 
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customs procedures, import license requirements, technical standards, sanitary and 

phytosanitary laws, and administrative delays. The Agreement's NTB Framework, 

established in Annex 5 of the Protocol on Trade in Goods, imposes obligatory 

requirements on member states to report, monitor, and abolish obstacles via defined 

institutional channels. 

2.3 Existing Work on Harmonization in Africa  

2.3.1 Harmonization Mechanisms-Rules of Origin, Tariffs, and Non-Tariff 

Barriers  

The establishment of Regional Economic Communities (RECs) provided an 

understanding of the issues of AfCFTA implementation. These include the 

Economic Community of West African States (ECOWAS), the East African 

Community (EAC), and the Common Market for Eastern and Southern Africa 

(COMESA), which serve as experience referral points useful for South Africa in 

terms of understanding the issues of AfCFTA implementation. However, (RECs) 

over recent decades has led to an inevitable entanglement of different rules and 

standards greatly affecting South Africaôs implementation on compliance 

.[15].ECOWAS  was created in 1975 under the Treaty of Lagos with the primary 

goal of abolishing all tariffs and trade obstacles between its 15 member nations and 

establishing a customs union with unified fiscal and regulatory frameworks. EAC 

is the most insightful comparative scenario for AfCFTA as its transition from a free 

trade area to a customs union in 2005 and then to a Common Market in 2010. The 

EAC is the oldest customs union and the most integrated regional economic 

community. COMESA 's harmonization adds a relevant layer of comparative 

insight for South Africa, as its membership overlaps significantly with both SADC 

and AfCFTA. The COMESA Free Trade Area, operating since 2000, encompasses 

21 member states and has achieved considerable tariff reductions. However, 

harmonization efforts have been continuously hindered. 

2.3.2 Challenges of Trade Policy Harmonization in Developing Country 

Contexts 

Existing research on the AfCFTA preparedness of South Africa highlights the lack 

of integration across procedural, governance, and sectoral analyses into a systematic 

assessment of whether South Africa's domestic trade governance architecture is 

institutionally capable of meeting its AfCFTA harmonization obligations. Fundira 

's governance analysis documents the institutional tensions and political economy 

constraints shaping South Africa's trade policy under the GNU [1]. Fundira 

identifies fragmentation between ITAC, DTIC, and SACU governance structures as 

the central institutional barrier to coherent trade policy and records how GNU 

coalition dynamics have complicated the formulation of a unified AfCFTA trade 

policy position. This represents the most granular existing analysis of South Africa's 
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AfCFTA governance constraints, but it does not systematically map those 

constraints against specific harmonization obligations in the AfCFTA Protocols and 

Annexes. 

 The policy gap analysis of AfCFTA engagement in South Africa has been 

examined through the perspectives of procedural milestones (TRALAC), 

governance constraints (Fundira), and macroeconomic trade impacts (Stack, ERSA) 

but no article has attempted the systematic policy gap analysis that would map the 

current trade governance framework in South Africa, which is institutional 

performance of ITAC, structural tension of SACU with AfCFTA, the GNU's policy 

coherence constraints has not implemented the prescriptions of AfCFTA success 

set forth by the World Bank itself, including the combination of the Agreement with 

a complementary agenda of training and institutional support of national trade 

ministries to South Africa. 

2.3.3 South Africa's AfCFTA  Readiness  

Existing research   on the AfCFTA preparedness of South Africa highlights the lack 

of integration across procedural, governance, and sectoral analyses into a systematic 

assessment of whether South Africa's domestic trade governance architecture is 

institutionally capable of meeting its AfCFTA harmonization obligations. Fundira 

's governance analysis documents the institutional tensions and political economy 

constraints shaping South Africa's trade policy under the GNU [1]. Fundira 

identifies fragmentation between ITAC, DTIC, and SACU governance structures as 

the central institutional barrier to coherent trade policy and records how GNU 

coalition dynamics have complicated the formulation of a unified AfCFTA trade 

policy position. This represents the most granular existing analysis of South Africa's 

AfCFTA governance constraints, but it does not systematically map those 

constraints against specific harmonization obligations in the AfCFTA Protocols and 

Annexes. 

 The policy gap analysis of AfCFTA engagement in South Africa has been 

examined through the perspectives of procedural milestones (TRALAC), 

governance constraints (Fundira), and macroeconomic trade impacts (Stack, ERSA) 

but no article has attempted the systematic policy gap analysis that would map the 

current trade governance framework in South Africa, which is institutional 

performance of ITAC, structural tension of SACU with AfCFTA, the GNU's policy 

coherence constraints has not implemented the prescriptions of AfCFTA success 

set forth by the World Bank itself, including the combination of the Agreement with 

a complementary agenda of training and institutional support of national trade 

ministries to South Africa 
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3 Methodology 

3.1 Research Philosophy and Approach 

This study is based on an interpretivist research theory, which claims that social and 

policy phenomena are best understood by their meanings and the elements within 

them rather than through objective measurement or quantification [15]. The term 

interpretivism is chosen here because the research topic, South Africa's policy 

mismatch with AfCFTA harmonization responsibilities, has been fixed in 

institutional meaning, legal interpretation, and governance based on low numerical 

indicators [15]. This philosophical attitude recognizes that the researcher is obliged 

to consider the intersubjective social processes of the worlds they examine, making 

interpretation a methodological strength rather than a restriction. Schwartz-Shea 

and Yanow differentiate interpretive research from positivist approaches based on 

ontological and epistemological presuppositions, claiming that whereas positivist 

research assumes an objective social world that can be known through detached 

observation, interpretive research holds that social realities are intersubjectively 

constructed and only accessible through interpretation [15]. The interpretivist 

philosophy is suitable for this study because the primary research objects of the 

AfCFTA Agreement, its Protocols and Annexes, ITAC investigation records, SACU 

governance tools, and GNU policy positions are textual and juridical remains that 

are significant for their institutional meaning and legal effect rather than their 

statistical frequency [15]. According to Schwartz-Shea and Yanow, analysing 

documentary sources, whether historical or current, moves on interpretive text-

treatment procedures, since policy tools operate as text substitutes that require 

interpretation to render their institutional meaning accessible [15]. Schwartz-Shea 

and Yanow maintain that interpretive research is especially well suited to recorded 

and documentary work, pointing out that researchers working with policy texts, 

legal tools, and institutional records engage in a type of meaning-focused inquiry 

that prioritizes local, situated knowledge over generalizable universal laws 

[15].Schwartz-Shea and Yanow maintain that interpretive research is especially 

well-suited to recorded and documentary work, stating that researchers working 

with policy texts, legal tools, and institutional records engage in a type of meaning-

focused inquiry that prioritizes local, situated knowledge over generalizable 

universal laws [15]. 

3.2 Research Design 

This study uses a descriptive and analytical research design, with document analysis 

serving as the primary data collection method and policy gap analysis serving as the 

main analytical tool for analysing the alignment between South Africa's most recent 

trade policy framework and the harmonization obligations of the AfCFTA [16]. 

While the analytical size methodically asks relevant questions about the shortage 

between the two, identifying specific areas of mismatch, their institutional causes, 
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and the policy actions required to address them, the descriptive size of the design 

introduces what AfCFTA requires and what South Africa's current framework 

provides [16]. Bowen defines document analysis as an organized approach for 

revisiting and assessing documents, including physical and soft forms, in which data 

is studied and analysed to determine meaning, gain understanding, and produce 

empirical knowledge [16]. This definition directly determines the analytical process 

used in this study, in which the AfCFTA Agreement, its Protocols and Annexes, 

ITAC investigation records, SACU governance tools, DTIC policy documents, and 

Government of National Unity (GNU) trade policy positions are organized for 

review, coding, and interpretation to introduce both what AfCFTA requires and how 

South Africa's existing framework responds to those requirements [16]. Bowen adds 

that document analysis is particularly suited to studies designed within an 

interpretive model, considering that documents may be the only necessary data 

source for research that seeks to draw meaning from institutional and policy texts 

rather than measure observable phenomena [16]. The policy gap analysis method 

was used as the analytical framework through which the findings indicated by 

document analysis were structured and interpreted. It functions by mapping the 

AfCFTA's harmonization requirements on one side, specifically its tariff relaxation 

schedules, rules of origin thresholds, and non-tariff barrier elimination obligations, 

and South Africa's current trade policy framework on the other, before 

systematically analysing the nature and extent. This approach is consistent with 

Bowen's argument that document analysis produces data excerpts, passages, and 

coded categories, which are then organized into important themes and case 

examples through content and thematic analysis, allowing the researcher to 

transition from fresh documentary evidence to structured analytical findings [16]. 

Bowen describes five specific functions that documents serve in qualitative research 

that are directly suited to the design of this research: providing background and 

historical conditions, suggesting questions that need to be asked, supplying 

supplementary research data, tracking policy change and development over time, 

and ensuring or supporting the findings [16]. However, the effectiveness of 

document and policy gap analyses as research design tools is directly dependent on 

the quality, truth, and comprehensiveness of the documents selected for analysis. 

Bowen cautions that researchers must determine not only the existence and 

accessibility but also the truth and usefulness of particular documents, taking into 

account the original purpose of each document, the nature in which it was produced, 

and directed to which. Thus, it is vital to provide an orderly description of the 

primary and secondary documentation sources on which this study depends, the 

criteria by which they were selected, and the way they were investigated, which is 

the purpose of the following section on data sources. 

3.3 Data Sources 

This study presents two sides of documentary sources, primary and secondary, 

chosen based on their relevance to the research objectives, institutional authority, 

and capacity to provide rich valuable evidence of both the AfCFTA's harmonization 
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requirements and South Africa's existing trade policy framework [17]. This 

approach is consistent with Malatiôs precedent in AfCFTA scholarship, where the 

AfCFTA procedure on Trade in Goods was used as the primary source document, 

with its correctness and reliability established based on its publication on a reputable 

official platform, and secondary literature used to provide the nature of the analysis 

[17]. The primary sources used in this study are the AfCFTA Agreement text and its 

Protocols on Trade in Goods and Trade in Services [1], DTIC trade policy 

documents and position papers, SARS customs and tariff frameworks, ITAC 

examination reports and tariff change recommendations, the SACU Agreement and 

its governance tools, and relevant parliamentary committee records on trade policy. 

Malati similarly structured his number one source selection around the nine 

Annexes of the AfCFTA Procedure on Trade in Goods as the entire sample 

population, documenting their source location, data type, and sampling technique 

in an open and replicable manner, introducing a methodological standard for 

AfCFTA documentary research that this study employs. [17]. Secondary sources 

supplement the primary documentary base and include analytical reports and 

assessments produced by TRALAC, UNCTAD, the World Bank, and the African 

Development Bank, as well as peer-reviewed journal articles on AfCFTA 

implementation, regional integration theory, and South Africa's trade policy 

readiness, in line with Malatji's use of secondary literature to understand and 

interpret findings drawn from primary AfCFTA documents [17]. The first source 

was prioritized because it contains the actual legal texts and institutional records 

whose meaning, scope, and effect are the subject of the research question. They are 

not representations of the AfCFTA's responsibilities or South Africa's framework 

but rather the obligations and framework themselves, making them necessary for a 

credible policy gap analysis. Malatji explicitly confirms this rationale, stating that 

the credibility and reliability of primary AfCFTA documents are established by their 

publication on reputable official government platforms and that qualitative content 

analysis of these documents yields empirically rooted findings about what the 

Agreement requires and what gaps remain [17]. Secondary sources were selected 

based on the standards held in their institutions and the analytical depth of TRALAC 

reports for their specialized focus on AfCFTA implementation in Southern Africa, 

World Bank and UNCTAD assessments for their organized analysis of AfCFTA 

compliance challenges, and peer-reviewed journals for their theoretical and 

empirical contributions to the regional integration literature [17]. Malatji states that 

the dependence on textual content analysis of primary source documents is a 

recognized gap, acknowledging that the incorporation of additional documentary 

research techniques, such as discourse analysis or thematic analysis, could result in 

a more precise outcome. This is precisely why this study supports its primary source 

analysis with secondary analytical sources from the TRALAC, UNCTAD, and the 

World Bank [17]. The primary and secondary sources mentioned above contain new 

documentary material for this study; however, their analytical value is fully realized 

only when a structured framework governs how they are read, coded, and 

interpreted to produce findings that are organized, transparent, and responsive to the 

three research objectives [17]. 
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3.4 Analytical  Framework 

The analytical framework combines thematic and policy gap analyses in a two-stage 

process. First, thematic analysis categorizes documentary evidence into major 

themes in the AfCFTA legal architecture and South Africa's trade governance 

model: tariff harmonization, rules of origin, non-tariff barrier (NTB) removal, 

institutional coordination, and SACU-AfCFTA interface. In the second stage, 

policy analysis cross-maps the identified themes to create a structured report on 

where South Africa's framework meets AfCFTA obligations and the policies that 

must be implemented to address the gap. This combined approach enables the study 

to move from raw documentary evidence to structured analytical findings that are 

directly responsive to each of the three research objectives 

4 Findings 

4.1 AfCFTA  Trade Policy Harmonization Requirements and 

Their Implications for South Africa  

A review of the AfCFTA Agreement and its Protocols reveals a fully harmonized 

and binding formulation of four areas that impact South Africa's trade governance 

architecture. In the field of tariff liberalization, South Africa, as a non-LDC 

member, is required to fully liberalize 90% of its tariff lines within five years of the 

start of trade (beginning in January 2021). A further 7% of sensitive tariff lines 

enjoy longer liberalization periods, and a maximum of 3% may be reserved from 

liberalization for strictly justified reasons [22]. The current South African tariff 

schedule, including intermediate goods tariffs averaging 20% in manufacturing-

adjacent industries, exhibits considerable non-compliance with the five-year 

liberalization obligation for a large part of its industrial tariff schedules [1]. In terms 

of rules of origin, the AfCFTA mandates South Africa to adopt the agreed product-

specific rules to determine preference eligibility, with 92.3% of tariff lines currently 

benefiting from the agreed rules of origin (as of February 2024) [22]. The remaining 

7.7%ïpredominantly textiles, clothing, and motor vehicles - is a compliance gap 

that is of particular concern for South Africa, given the industrial and export 

potential in these sectors. The lack of finalized rules of origin introduces regulatory 

uncertainty that restricts the flow of South African goods with AfCFTA preference 

in continental markets.  

The NTB elimination mechanism under Annex 5 requires South Africa to engage 

in the AfCFTA NTB reporting mechanism, conduct investigations into NTBs 

within the agreed timelines, and adopt corrective measures if they are confirmed 

[1]. A review of the available records reveals that South Africa's engagement with 

the NTB reporting mechanism has been sporadic, and that the institutional capacity 
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of the Department of Trade, Industry and Competition (DTIC) and the International 

Trade Administration Commission (ITAC) to identify, investigate, and eliminate 

NTBs impacting continental trade is not yet fully developed in line with the 

Agreement. The AfCFTA Annex on Customs Cooperation obligations, which 

requires customs harmonization, includes the adoption of harmonized customs 

procedures, the establishment of single-window systems, and the provision of 

mutual administrative assistance in the customs field. The SARS customs 

administration in South Africa is technologically advanced by continental standards 

but has systems that are not yet integrated with the AfCFTA customs cooperation 

regime. Interface problems increase the transaction costs of intra-AfCFTA trade. 

4.2  South Africa's  Trade Policy Framework and Its Alignment 

with AfCFTA Obligations  

A policy gap analysis of South Africa's existing trade governance framework 

relative to the AfCFTA obligations suggests a mixed picture of alignment, with 

some formal procedural compliance and other substantive non-compliance that fails 

South Africa to fulfil its obligations to harmonize its trade framework.  

The areas of Partial Alignment include ratification of the AfCFTA Agreement and 

provision of Phase 1 tariff concession schedules to the AfCFTA Secretariat, the 

procedural minimum requirements for continental engagement [24]. Second, South 

Africa engages in AfCFTA Secretariat processes, such as the Council of Ministers 

and Committee of Senior Trade Officials meetings, which allow participation in 

ongoing negotiations on rules of origin, services liberalization commitments, and 

NTB resolution processes [1]. Third, SARS's sophisticated customs administration 

provides a better starting point for later customs harmonization than most AfCFTA 

member states, minimizing the amount of technical effort required for procedural 

alignment when the political decision to align is made. The existence of critical gaps 

in the-AfCFTA Architectural Incompatibility, ITAC Procedural Misalignment, 

GNU Harmonization Plan, and Rules of Origin cause tension between South Africa 

and AfCTA, inhibiting market penetration. 

4.3  Barriers  to Effective Trade Policy Harmonization in South 

Africa  

The following barriers to AfCFTA harmonization in South Africa were identified 

from document analysis: 

Institutional fragmentation exists where South African trade policy requires the 

coordination of the responsibilities of multiple departments and entities (DTIC: 

industrial policy and trade strategy; SARS: customs and tariff management; ITAC: 

trade remedies and tariff investigations; the SACU Secretariat: coordinating the 

CET) to ensure that they act in concert to achieve the common goal of AfCFTA 
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compliance [1]. This results in inconsistent messages, bureaucratic duplication, and 

policy gaps in which AfCFTA obligations are absent from the mandate of these 

entities, without a single entity responsible for ensuring AfCFTA compliance. 

The SACU-AfCFTA structural gap in which SACU's legal structure was created as 

South Africa's main regional trade obligation for the operation of a customs union 

between five southern African countries. The AfCFTA introduces a different scale 

and governance structure: 54 states, a continental secretariat, and a tariff 

liberalization timetable that may be inconsistent with SACU's CET. 

GNU governance constraints cause coalition governance of the GNU as they pose 

two forms of constraint on AfCFTA harmonization. First, there are policy coherence 

constraints stemming from the need to align the coalition partnersô industrial policy 

preferences (the DA's free trade ideology, the ANC's industrial policy 

protectionism, and the IFP's constituency-based concerns) to produce a coherent 

AfCFTA harmonization policy. Second, the GNUôs focus on coalition governance 

stabilization, energy crisis management, and short-term economic challenges 

creates cost constraints, drawing political resources away from the long-term 

commitment needed for AfCFTA harmonization. 

5 Discussion 

5.1 The Scope and Significance of AfCFTA Harmonization 

Requirements for South Africa 

Harmonization obligations are more complex than the management structures 

underpinning South Africaôs pre-AfCFTA trade policy regime. From the 

neofunctionalism perspective, the AfCFTA tariff, rules of origin, and NTB 

obligations create functional spillover pressure for further harmonization in customs 

administration, industrial policy, and investment policy beyond the obligation of 

early liberalization. 

5.2 Interpreting the Alignment Gap ð Implications for South 

Africa's Continental Competitiveness 

Limited structurally inadequate alignment has two implications for South Africa's 

continental competitiveness. In the short run, procedural gaps - the ITAC 

investigation backlog, NTB reporting deficiency, and absence of SACU-AfCFTA 

interface mechanismsïcreate transaction costs for South African exporters and 

importers trading under the AfCFTA, reducing the AfCFTA price competitiveness 

advantages that preferences are supposed to confer. In the medium to long term, the 
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structural gaps, especially the SACU-AfCFTA architectural incompatibility and the 

absence of a GNU harmonization strategy, generate systemic uncertainty that 

dissuades the manufacturing investment and industrial upgrading needed for South 

Africa to harness the AfCFTA's expected economic benefits. The Developmental 

Regionalism framework offers a normatively appropriate interpretative framework 

for this gap. South Africa's industrial policy instincts (protection of automobiles, 

textiles, and agribusiness as means to create jobs, build technology, and transform 

the economy) are valid developmental objectives that are compatible with a 

Developmental Regionalism approach to the AfCFTA. However, the effect of South 

Africa's approach to protecting industries from competition without industrial 

policy investment limits competitiveness and integration into continental value 

chains. A Developmental Regionalism approach ensures that provisions are tied to 

industrial upgrading performance indicators while ensuring that institutional 

frameworks are in line with AfCFTA obligations to take advantage of the scale 

benefits of continental market integration. 

5.3 Understanding the Barriers ð Political Economy and 

Institutional Explanations  

Three barriers, including institutional fragmentation, prevent the institutional 

coordination needed to resolve the SACU-AfCFTA tensions because no 

institutional actor has the mandate and authority to negotiate with the DTIC, ITAC, 

SARS, and SACU. Governance constraints under the GNU prevent the political 

mandate to coordinate such an institutional response because the political attention 

required to resolve trade policy problems diverts attention from more urgent GNU 

governance concerns. The SACU-AfCFTA structural problem exists because 

institutional fragmentation and governance constraints prevent the ongoing, 

technically demanding engagement needed to resolve it. 

Neofunctionalism predicts that barriers will be undermined as the functional logic 

of integration, leading to a demand for institutional reforms in the long run, but not 

sufficient as a policy prescription for resolving South Africa's harmonization 

dilemmas. The intergovernmentalism insight that the resolution of barriers demands 

political will at the highest level of government is correct but fails to specify the 

institutional mechanisms for translating political will into policy. Developmental 

Regionalism's emphasis on preserving policy flexibility in the face of harmonization 

offers a normative hypothesis underpinning institutional policy recommendations 

 

Conclusions 

This study shows that the AfCFTA has uncompromising rules in four areas. These 

are responsible for reducing tariffs (90% of items within five years for countries 

like South Africa, 7% are sensitive, and a maximum of 3% are excluded), specific 

rules for products (covering 92.3% of tariff items by February 2024), removing non-

tariff barriers under Annex 5, and standardizing customs rules. These rules have 
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legal and practical implications for how South Africa manages trade. They also 

create more pressure to change more than just tariffs, affecting customs, industrial 

and investment policies. This means that South Africa must change its entire trade 

management to adhere to AfCFTA rules, not just focus on relaxing tariffs. The study 

further shows that the policy gap analysis shows that there is still a misalignment in 

South Africa. South Africa has agreed to the Agreement, sent Phase 1 tariff 

schedules, and uses an improved SARS customs system. However, there are still 

some problems. Tariffs on intermediate goods average 20%. ITAC investigations 

take approximately 28 months, whereas they should take six months. NTB reporting 

is irregular in the country. The rules of origin for textiles, clothing, and automobiles 

have not been finalized. The SACU Tariff Board has not been active since 2002. 

These problems cause short-term costs for South African exporters and create long-

term uncertainties. This uncertainty affects investments in manufacturing and South 

Africaôs business standing in Africa. The other point that the study identifies is 

based on the three main problems that were found in different parts of the 

government (DTIC, SARS, ITAC, and the SACU Secretariat) not working together, 

no one is leading and not following AfCFTA rules. The SACU customs union's 

rules are not in line with the AfCFTA's schedule for reducing trade barriers and 

government problems due to different political party views on trade and other urgent 

problems. To address these issues, this study suggests creating a special AfCFTA 

Harmonization Unit, making a formal plan to align SACU and AfCFTA rules and 

setting a timeline to remove trade barriers (time bound non-tariff barrier elimination 

roadmap) that will overcome institutional fragmentation, GNU government 

constraints and SACU- AfCFTA governance constraints necessary in systematic 

policy gap analysis. These steps should support South Africaôs market continental 

integration, economic competitiveness, regional development and open up 

industrial growth goals. 

Overall, the study contributes to AfCFTA and economic development literature by 

filling in the gaps in the methodology and providing a unified analytical integrated 

framework as evidence of the system combining alignment gaps, institutional 

causes and proposed targeted solutions. The three-pillar institutional reform agenda-

AfCFTA Harmonization Unit, the SACU-AfCFTA alignment protocol and the non-

tariff barrier elimination roadmap - recommends actionable policy solutions that are 

directly responsive to the compliance gaps identified, filling a gap in the existing 

literature that has recognized but failed to systematically address these deficiencies. 

The study contributes to systematic policy gap analysis that clearly outlines South 

Africa's domestic trade governance system against specific harmonization 

obligations in context of AfCFTA protocols and Annexes that previous studies and 

dimensions like Fundira, World Bank & ESRA and TRALAC examined in 

isolation. 

Theoretically, the study contributes to the application of Development Regionalism 

as an analytical framework for interpreting AfCFTA compliance as a regionally 

integrated policy process, laying the groundwork for an institutional architecture 

that incorporates policy flexibility into the process. The combination of the thematic 

document analysis and policy gap analysis methodically provide a replicable 
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framework for evaluation in domestic alignment across government contexts by 

other AfCFTA country member states and researchers. 

 

Limitations  

Although the study had its strengths, several limitations were identified. The study 

analyzed the macro-institutional level of governance structure state bodies like such 

as DTIC, ITAC, SARS and the SACU Secretariat and not captured the micro-level 

the private sector like compliance costs incurred by the individual South African 

exporters and importers and constraints faced by individual SMEs firms that are real 

determinants of AfCFTA utilization. 

The primary geographical focus of South Africa as the major AfCFTA member 

state, most industrialized and the biggest intra-SACU trading partner limited the 

comparative analysis of implementation of harmonisation across the other AfCFTA 

member economies and this limited the broad applicability of its institutional 

results. Moreover, the study heavily relied on the quality, availability and 

transparency of official policy documents and institutional records which limited 

the analysis where restricted unavailable data and document access to GNU inter-

ministerial deliberations and SACU Tariff Board proceedings was needed. The 

study limited the quantification of the economic implications of the compliance 

deficit identified including the macroeconomic consequences on South Africa's 

export performance, GDP growth and job creation in a South Africa-AfCFTA even 

though it is clearly diagnosed. Although these limitations are to be considered, they 

do not negate the overall contribution made by the study. On the contrary, they point 

out the areas that could be improved in future research studies. 

 

Future Research 

Future research ought to use quantitative and econometric modelling  to quantify 

the economic costs of South Africa's institutional lag including the lost export 

revenues faced by exporters because of the backlog of cases in the ITAC 

investigation process, the trade diversion consequences of unresolved rules of origin 

in the textile and automotive industries and the welfare losses from the ongoing 

presence of non-tariff barriers. This will form a basis for gravity model 

specifications and computable general equilibrium frameworks that will allow the 

shift from institutional data to the policy urgency that this study has identified. 

The inclusion of firm-level survey research on South African exporters will greatly 

capture the micro-level evidence on private sector awareness on the AfCFTA 

preferences, their actual utilization rates and practical barriers encountered at the 

point of trade supplementing the macro-institutional analysis. 

The Expansion of the geographical coverage to represent a bigger group of Sub-

Saharan African countries with similar economic structure and patterns of 

development to South Africa like Kenya, Egypt and Nigeria will provide sound 

assessment of the barriers as either country-specific or a structural issue in the 
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AfCFTA implementation architecture. This will call for collaboration among 

various countries, policy makers, researchers and organizations to formulate an 

integrated unified framework for compliance and reporting purposes. A more 

representative and larger sample would also facilitate comparative information 

across various development paths, institutional settings and policy environments in 

the region allowing for learnings and policy interventions. 

The use of longitudinal research tracking South Africaôs evolution in GNU trade 

policy through successive electoral and coalition cycles would provide useful 

insight in identification of whether the governance constraints identified  are 

transient or structurally embedded. This will allow future  research study be 

aggregated with more comprehensive and multi-layered understanding of the 

dynamics of harmonization of AfCFTA and reinforcement of the empirical 

foundation on which evidence-based continental trade policy reform will be 

strengthened. 
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Abstract: One of the most defining socio-economic challenges of the 21st century is the aging 

population and the sustainability of pension systems resulting from it. Artificial intelligence 

(AI) offers exciting opportunities, but its introduction must be handled carefully and 

responsibly. The aim of this study is to comprehensively present the new opportunities that 

AI offers in different areas of pension security, the risks that the technology poses, and the 

conditions that are necessary for AI to create real social value in this strategically important 

area. To this end, the paper reviews the current challenges facing pension systems, presents 

the most important AI technologies and their specific uses, and analyzes the economic and 

social impacts of their introduction. The study aims to contribute to the understanding of the 

role of AI in shaping the future of pension security and to provide a professional basis for 

further research and decision-making processes. 

Keywords: pension security, artificial intelligence (AI), pension planning tools, cyber 

security, pension system resilience 

1 Introduction  

The world was shaken by three major explosions at the beginning of the 21st 

century: the population explosion, the longevity explosion and the information 

explosion [1]. The population explosion is a rapid, rapid increase in population, 

which usually occurs when the birth rate is high, while the death rate is falling. This 

phenomenon can still be observed in developing countries, but the world's 

population growth rate is slowing down. Longevity means that we not only live 

longer, but also do so healthily and actively, i.e. we do not only add years to life, 

but also add life to years. It also includes increasing life expectancy and healthy life 

expectancy, which aims to improve the quality of life. The deteriorating 

demographic situation is typical of the countries of the European Union, including 

our country. The information explosion refers to the explosive growth in the amount 

of information, which has accelerated in the digital era thanks to the development 

of technology, the Internet and social media. This phenomenon involves access to 

a vast amount of often unfiltered information, which poses challenges for people, 

mailto:szabo.zsoltmihaly@uni-obuda.hu
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such as brain adaptation pressures, communication bottlenecks and 

intergenerational alienation. Global demographic changes, ageing societies and 

sustainability challenges of financial systems are putting increasing pressure on 

pension systems [2]. The emergence of artificial intelligence (AI) offers new 

opportunities to improve pension security, manage risks and support individual 

decision-making. The application of AI in this area is not only crucial for 

technological innovation, but also for social and economic stability [3]. 

2 The basics of pension security 

Social security is one of the fundamental institutions of modern societies. The social 

security system consists of several subsystems, including pension insurance, health 

insurance, and the social welfare system [4]. The pension system is an institutional 

structure established according to specific principles, which ensures the livelihood 

of individuals who are unable to work due to old age (or disability) through regular 

financial support (pension benefits). Pension systems can be grouped, compared, or 

contrasted according to their systems, sources, and regulations. According to the 

European Commissionôs Green Paper (Towards adequate, sustainable and safe 

European pension systems) published in 2010 [5] and the 2012 White Paper (An 

Agenda for adequate, safe and sustainable European pensions) [6], the fundamental 

objective of pension systems is to provide adequate pension income, to help older 

people live in decent conditions and in economic independence, and to ensure that 

pensions play an automatic stabilising role. 

The role of the pension system is to provide income security in old age or in the 

event of the death of a close relative. In the state pension system, entitlement to 

benefits is based on the payment of pension contributions. The state guarantees the 

payment of pensions and ensures that the real value of pension benefits is preserved 

[7]. According to the European Commission [8] Pension Adequacy Report, EU 

pension systems can only be expected to provide an adequate level of pensions for 

future generations if Member States implement sufficiently strong policy measures 

to ensure that as many workers as possible remain active until they reach the official 

pension age. Employment policies should offer more opportunities for older 

workers to stay in the labour market for longer. At the same time, pension systems 

should also protect those who cannot stay in the labour market long enough to build 

up sufficient pension rights [2]. 

The Organisation for Economic Co-operation and Development (OECD) is an 

international economic organisation based in Paris, of which Hungary has been a 

member since 1996. It is a global organisation whose aim is to help Member Statesô 

governments design and evaluate the best possible economic and social policies. 

According to the OECD [9] [10], pension systems generally consist of three pillars 

(Figure 1). 
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Figure 1 

Summary framework of different pension financing systems 

Source: Own compilation based on OECD [9] [10] 

The ñfirst pillarò (state) pensions are statutory state pensions managed by the state, 

usually financed from social security contributions and/or general tax revenues on 

a pay-as-you-go (PAYG) basis. In some countries, individual schemes financed by 

law have been introduced alongside the first pillar. The ñsecond pillarò (employer) 

pensions are private supplementary schemes linked to employment. Finally, the 

ñthird pillarò (personal) pensions are personal pensions, i.e. pre-funded private 

voluntary supplementary schemes in which contributions are invested in an 

individual account held by a pension fund or financial institution. 

The following is an overview of the factors determining individual pension security 

and the related decision options [11]. In his study Pension Plans, Pension Funds and 

Pension Organizations, he distinguishes between public and private pension 

schemes, as follows: 

- Public pension schemes: social security and similar schemes where the public 

sector (i.e. central, state and local governments, including social security 

institutions) manages the payment of pension benefits. They aim to provide 

minimum (flat rate and/or earnings-related) benefits to the population as a whole 

(or at least the formal sector) upon pension. Public schemes are traditionally 

financed by PAYG, but some OECD countries partially pre-finance public pension 

obligations or have replaced these schemes with private pension funds. 

- Private pension schemes: a pension scheme in which the payment of pension 

benefits is managed by an institution outside the public sector. Private pension 

schemes are managed by an employer, pension organisation or private sector service 

provider acting as the scheme sponsor. Private pension schemes can complement or 

replace social security schemes. In some countries, they may also include schemes 

for public sector employees. Private pension schemes are funded by OECD 

countries. 
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Figure 2 

Features of pension plans 

Source: Own compilation based on OECD [12] [13] 

Regarding financial decisions related to pension at an individual level, only in the 

case of private pension programs (pension savings plans), state systems exclude the 

possibility of such individual decisions. In the following, it is worth defining what 

we mean by pension savings. In the broadest sense, pension savings can be 

understood as any long-term, voluntary or non-voluntary form of savings that is 

intended to serve the financial security of the later stages of life and that does not 

come from state old-age pensions (i.e. not from the first pension pillar). In this case, 

pension savings includes classic voluntary savings products such as voluntary 

pension funds and pension insurance, as well as private pension funds. But in a 

broad sense, it also includes life insurance, real estate investment and all country-

specific ï even preferentially taxed ï forms of pension savings (pension bonds, 

special pension accounts, etc.). 
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The OECD uses the definition of pension savings plan [12] [13], 2022), which 

includes all financial instruments from which long-term payments are derived 

(Figure 2). These instruments can be in pension funds (pension fund), pension 

insurance contracts (pension insurance), or other forms of savings (pension savings 

account). Thus, private pension fund accounts, which can be interpreted as the 

second pillar, are also classified as forms of pension savings, especially given that 

their presence is not evident among pension products in the four countries examined 

(in Hungary and Poland, after the redirection of private pension fund contributions 

to the first pillar, the role of this form of pension savings became very low [14]. 

3 The AI opportunities in the pension system 

Pension systems around the world are under demographic and financial pressure. 

Artificial intelligence (AI) ï including machine learning (ML) and generative AI ï 

offer promising tools to improve the coverage, efficiency, equity and resilience of 

schemes. According to a review by OECD [3], client support, automation of back-

end processes and solutions to detect errors and fraud are already widely used in 

social protection. Predictive analytics and personalised interventions are the next 

major development directions. Pension industry-specific analyses show that AI can 

deliver measurable results across the entire value chain ï from enrolment to payout 

ï but require strong governance, transparency and member trust. 

OECD governments are increasingly using advanced data and technology to 

improve the coverage, efficiency and effectiveness of social programmes, but they 

are also cautious about introducing artificial intelligence (AI). Common uses of AI 

in social protection include customer support, automation of back-office processes 

and fraud detection. Looking ahead, AI has significant potential to improve the 

performance of social programmes ï including through predictive analytics, 

increased awareness and more tailored interventions ï but governments need to 

continue to build trust and promote transparency in the use of AI. 

The OECD outlines key opportunities and recommendations for the application of 

AI in pension systems, which are summarised in Table 1 with descriptions and 

pension-specific examples. The OECD recommends the application of AI in 

pension systems by implementing tools that support clients, make administration 

more efficient, improve fraud protection, cybersecurity, data protection, facilitate 

personalised interventions and expand access to services. It places this behind sound 

regulatory, governance and human capacity-building measures, in full accordance 

with the OECD ñTrustworthy AIò principles [3]. 
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Recommendation Description Pension-specific example 

Human-centric, reliable AI AI serves people, providing 

decision support; in particularly 

sensitive life situations 
(widowhood, orphanhood, 

disability), human supervision is 

mandatory. 

Pre-screening for eligibility for 

care with AI, but final decision 

with an administrator; humane 
handling of individual equity 

cases. 

Transparency and 

explainability  

Communicating the role of AI; 

justifying decisions and 

displaying "reason codes". 

Publishing factors behind 

eligibility scores; decision-

support explanation on the client 

portal. 

Data protection and security 

(GDPR) 

Data minimization, access 

control, logging; risk 

management of the use of 
generative AI. 

Pension dashboard: strong 

authentication, contribution 

management and logging; 
protection of sensitive 

documents. 

Fairness and bias reduction Incorporation of data cleaning, 
representativeness, bias tests and 

fairness audit. 

When detecting payment 
anomalies, demographic parity 

analysis (age, gender, region). 

Pilot Ÿ scaling Learning from small pilots, 

gradual national expansion after 
measurable KPIs. 

Pension chatbot pilot in one 

region, then scaling to national 
customer service. 

Algorithmic accountability 

and audit 

Independent verification, audit 

trail, traceability; complaint 
handling and correction. 

Full logging for automated 

decision support; annual 
independent audit. 

Customer-centric service 

design and engagement 

Co-design by life stages; 

understandable communication; 

accessibility (A11y). 

Voice-based channels for older 

customers; simple forms. 

Responsible use of predictive 

analytics 

Validation, drift monitoring, 

human review; risk 

communication. 

Forecasting payment peaks and 

customer traffic for capacity 

planning. 

Fraud/abuse monitoring with 

AI  

Anomaly detection, real-time 
alerting; ethical thresholds and 

human verification. 

Identify suspicious payment 
patterns and identity fraud. 

Digital architecture and 

interoperability  

Unified identification, consent 
management, standardized data 

exchange (API, SLA). 

"Pension overview" dashboard 
ecosystem with provider 

integrations. 

Skills development in the 

public sector 

AI literacy at all levels; 

advanced/specialist 
competencies; ethics. 

Agents use genAI tools for 

summarization and knowledge 
discovery. 

Impact assessment and 

monitoring 

Continuous performance and 

risk monitoring; measurement of 
public service value. 

Tracking AI KPIs and public 

service outcomes in pension 
administration. 

Table 1. 

Opportunities for AI in the pension system based on OECD recommendations 

Source: Own compilation based on OECD [3] 

Hungaryôs Artificial Intelligence Strategy (2020-2030) [15] is a flagship of the 

concept of a ñdata-driven service stateò and the use of trustworthy AI. The 

Hungarian AI Strategy was updated in 2025 [16], with a promise of an annual 
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review, with a special focus on social applications (education, healthcare, public 

services). 

Although the document pays significant attention to the development of public 

services, it does not highlight the pension system as a separate sectoral target area. 

The strategy does not specifically address the pension system, but the digitalization 

of public services and data wallet-based services can offer indirect benefits to the 

pension age group. Such benefits could include automated administration, which 

can facilitate the submission of online pension-related applications and the 

modification of data, and the use of data wallets can enable personalized 

administration, such as the easy updating of data required for pension calculations. 

Increased digitalization in e-government can also be beneficial by reducing the 

digital divide between generations [16]. 

4 The AI options in self-care 

According to forecasts, the number of pensioners will increase drastically, and this 

process cannot be significantly changed in the short term. The Hungarian pension 

system is currently built on two pillars: the first pillar is the state, pay-as-you-go 

pension system, while the second pillar operates on the basis of the funded principle 

[17] [18]. In the current pension system, choosing a voluntary pension fund can be 

an additional element of ensuring livelihood in old age. A voluntary pension fund 

can enable us to maintain the standard of living we have become accustomed to 

during our active years upon pension. These institutions complement other pension 

savings, such as pension insurance. In the general public perception, a pension is 

the pension that a countryôs elderly citizens receive on a subjective basis, i.e. not on 

the basis of need. The amount depends on the length of service, i.e. the number of 

years spent working, and previous income (earnings) [7]. This definition reflects the 

public opinion, according to which the concept of pension is exclusively related to 

social security benefits. 

However, a pension can be considered any regular old-age income to which we are 

entitled during our active years. Thus, regular income from pension savings can also 

be considered a pension. It should be made aware that there is no state benefit that 

can promise an adequate pension for everyone in all cases. In other words, the role 

of individual responsibility is valued more in order to maintain financial security in 

old age. In addition to increasing taxes and contributions and further raising the 

pension age, there is also a more effective and sustainable solution, which is called 

self-care. This means that people create a private pension fund for themselves that 

allows them to live a full life in old age. This also relieves the burden on the state, 

because although they are being helped by the state, they are putting aside money 

for private purposes. They are managing their own assets and are not paying more 

into the common fund. There are many ways to save for pension [19]. 
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Recommendation Description Hungarian practice 

Personal pension dashboard 

(multi -source) 

A personalized online interface 

that automatically brings 
together legal relationships and 

savings from multiple sources 

(state, employer, voluntary); 
interactive overview and action 

suggestions. 

There is no national pension 

dashboard integrated from 
multiple sources. E-

administration in the 

SZ¦F/¦gyf®lkapu+ framework; 
thematic pages on the MĆK 

website. 

Interactive ówhat ifô 

calculators 

User-modifiable parameters 

(deposit, trajectory, yield), 
instant forecasts and decision 

suggestions to support planning. 

MĆK Self-service pension 

calculator (based on service 
time/earnings); calculator for 

several voluntary pension funds 
(¥POSZ, OTP). 

Payout phase planners omparison of payout alternatives 

(annuity, periodic annuity, lump 

sum); payout strategy tailored to 
individual needs. 

Annuity calculators are available 

from voluntary funds (e.g. 

Erste). On the state side, the 
focus on determination 

dominates, and uniform payout 

planning is less supported. 

Communication and education 

(OECD/INFE) 

Plain language guides, financial 

education built into the interface; 

measurement with OECD/INFE 
questionnaires and competency 

framework. 

Strong educational ecosystem 

(P£NZ7, P®nzir§nytŤ, MNB). 

The level of knowledge is 
outstanding, but financial 

behavior and practical 

application need to be improved. 

Return/risk indicators  Portfolio recommendations and 
market simulations based on risk 

profile; transparent return 

communication on the 
dashboard. 

Voluntary funds have yield 
simulators (OTP, Aranykor). 

There is no uniform yield/risk 

illustration on the state platform. 

Automatic data 

interoperability  

The key to a dashboard is data 

connectivity, real-time updates, 
and auditability ï integrating 

multiple sources according to 

standards. 

This identification works 

(Customer Portal+ / DĆP), but 
multi-source pension 

consolidation is not common. 

System statistics in the custom 

view 

Combining macro indicators 
(average, median, regional 

breakdown) and individual 
context in decision support. 

KSH STADAT detailed pension 
statistics (average, median, 

regional breakdown) are 
available, but are not integrated 

into personalized interfaces. 

Action-oriented ónudgeô 

functions 

Reminders, goal tracking, 

automatic deposit increases, and 
decision guides to encourage 

actual savings steps. 

These administration and fund 

campaigns are available, but 
system-level nudge frameworks 

are not common on the pension 

platform. 

Table 2. 

Opportunities for the application of AI in self-care based on OECD recommendations 

Source: Own compilation based on OECD [3] 

The OECD outlines key opportunities and recommendations for the application of 

AI in self-care and decision support for individual pension savings, which are 

summarized in Table 2 with descriptions and domestic implementation practices. 

The OECD recommendations build support for individual pension savings on a 
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comprehensive, multidimensional approach. Together, these elements increase 

financial awareness, help make more informed decisions, and thereby improve the 

quality of life of people of pension age [3]. 

 

Conclusions 

One of the main challenges facing Member Statesô pension policies is to develop 

pension systems that are financially sustainable in the long term, while fulfilling the 

fundamental purpose of pension systems: to ensure an adequate income and 

standard of living for older people, as well as their economic independence. This 

requires the establishment of an institutional system that is capable of creating the 

financial cover necessary for the security of a retired society in the long term. AI 

has significant potential in the field of pension security, especially in the areas of 

forecasting, personalized advice, administration and risk management. At the same 

time, the introduction of AI technology requires responsible regulation, ethical 

considerations and social dialogue. In order for Hungary to have an economy that 

adapts to inevitable demographic processes, a more serious paradigm shift and the 

inclusion of new technologies ï such as AI technologies ï are needed in terms of 

the sustainability of the economic environment and pension security. 

An ageing population, increasing life expectancy and changing employment 

structures are undermining the balance of pay-as-you-go models, while market 

volatility and inflation are challenging funded systems. AI is already a proven 

performance-enhancing technology in government and financial services, 

especially when combined with sound governance. In most European Union 

countries, public systems play a central role in enabling people to reasonably 

maintain their standard of living during their working years and beyond. AI offers 

breakthrough opportunities in the area of pension security in three main directions. 

On the one hand, it can improve macro-level forecasts and risk management, which 

are essential for planning long-term financial sustainability. On the other hand, it 

can support individual financial decisions with increasingly precise, personalized 

savings and investment recommendations. Thirdly, it provides an opportunity to 

digitize and automate pension administration and payment processes, which can 

significantly reduce operating costs, increase efficiency, and improve the customer 

experience. 
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Abstract: In the modern conditions of accelerated technological development, digitalization 

is one of the main drivers of the development of the industrial work system. In this sense, the 

concept of Industry 5.0 represents a new paradigmatic scheme of development that 

emphasizes the synergy between man and advanced technology in order to create more 

sustainable work systems. In this sense. not only does digitalization affect technological 

processes, but it also significantly changes the structure of work, the organizational 

environment and the competencies required of employees. Accordingly, this research 

examines the impact of digitization within Industry 5.0, on employees and the transformation 

of the modern way of working with special emphasis on employee motivation, development 

of digital skills, organizational support and balance between business and private life, 

whereby empirical research was conducted using the survey method, on a sample of 

employees in various industrial sectors, after which they were analyzed using descriptive 

statistics and exploratory factor analysis. The research results indicate the existence of five 

key dimensions, which describe employees' perception of digital transformation: motivation 

and readiness of employees for digital changes, technological aspects of digitization, balance 

between work and private life, organizational support and quality of the digital work 

environment. The obtained findings confirm that the successful implementation of Industry 

5.0 requires an integrated approach that implies the simultaneous development of 

technological infrastructure, digital competencies of employees and adaptation of the 

organizational environment to new work models. 

Keywords: Industry 5.0, digitization, digital transformation, transformation of work in 

industry, digital skills 

1 Introduction  

The way digital technologies are changing is really affecting how big companies 

and factories work. This is because of technologies such as artificial intelligence, 

the Internet of Things, big data, and cloud infrastructure. These infrastructures are 
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helping and becoming an integral part of how organizations function. It is also 

important to emphasize that these changes are not about technology, but also about 

the way people do their jobs and make decisions. People who work in these 

companies now need skills that are continually improved and acquired. Because 

digitalization is the area that is changing business models and the way companies 

work. This is what some authors, like Gorodetsky et al. (2020), discovered in their 

research [1]. Because of all these changes, something called Industry 5.0 is 

becoming really important. Industry 5.0 is, as it were, a way of thinking about how 

companies can use technology and acquire new ones, while still ensuring that people 

are happy and doing well. Industry 5.0 attempts to balance technology and people, 

which will be increasingly imperative in the future. As such, Industry 5.0 is 

emerging as an idea that is becoming increasingly popular over time. 

In contrast to earlier industrial types which concentrated primarily on the 

mechanization and optimization of production processes, the most recent one 

recognizes the relationship between humans and intelligent machines as paramount. 

Human creativity, critical thinking, and problem-solving will complement the 

technological capabilities of robotics and digital systems [2]. The result of such 

synergies will be the realization of more flexible production systems and greater 

adaptability to market needs and the performance of personalized goods and 

services [3].  

The Industry 5.0 signifies the introduction of advanced intelligent industry with the 

objective of enhancing the relationship between humans and industrial machines 

through the integration of sustainable advanced technologies and incorporation of 

the human touch.  The implementation of these technologies not only has a major 

impact on the technological set-up of organizations but also significantly alters the 

working environment, the structure of work tasks and the competencies required of 

employees. At the same time, the application of the principles of Industry 5.0 is 

facing a series of new challenges. Data security, ethical use of artificial intelligence 

and privacy protection are becoming the subject of ever more scientific and 

professional discussions, while organizations are faced with the challenge of 

rebuilding the workforce to fit new technological working conditions [4]. It is 

becoming increasingly important to understand how employees comprehend the 

digital transformation and to what extent they are ready to accept the changes that 

the new way of carrying out the business in the industry will bring. As the theme of 

Industry 5.0 is increasingly reflected in the literature, empirical studies that 

investigate the impacts of digitization on employees and the transformation of work 

seem not to be yet so present. In particular, it is not known how well employees 

perceive digital transformation and how ready they are to adapt to new 

technological working conditions.  

Based on the aforementioned theoretical framework, this paper aims to investigate 

to what extent digitisation within the concept of Industry 5.0 affects employees and 

the transformation of the modern way of working in organisations of various 

industries. In this sense, the paper explores how employees accept the impact of 
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digital transformation on work organization, and on the other hand, to what extent 

digitalization affects employee motivation and their professional development. 

Also, how important is having digital skills and how important is organizational 

support in the process of adapting to new technological working conditions. In 

addition to the basic factors, the research considers how digital transformation 

affects the balance between work and private life of employees in various industrial 

sectors. 

2 Literature review  

It is necessary to keep in mind that Industry 5.0 is actually a causal consequence of 

Industry 4.0. In the literature, it is often pointed out that industrial development took 

place through several technological phases that always arose as a response to 

changes and advances in industrial systems [5]. Industry 4.0, as the precursor and 

key driver of further advancements in digitalization and robotics, was 

fundamentally built upon transformative changes in the digitalization and 

automation of companies. The use of the Internet is becoming more and more 

expressive, and according to the authors [6], which is represented by the Internet of 

Things (IoT), as a technology that enables the connection of devices, machines and 

production systems via the Internet. In addition, the authors spoke about Industry 

4.0 as an important phenomenon in the future, because it enables the integration of 

digital technology in the production and development of digitized factories and 

products [7]. While on the one hand robotic systems were widely applied within 

Industry 4.0, on the other hand, Industry 5.0 will introduce an approach that is more 

focused on the needs of end users, with the aim of satisfying their needs [4]. Such 

understandings lead to the fact that in fact, in addition to achieving an exceptional 

degree of digitization and modernization of the technological process, one of the 

main goals for the further development of Industry 5.0 is the achievement of 

cooperation between machines and workers. Machines participate together in work 

and achieving goals, thus significantly transforming work and the work process. 

This approach, leads more and more authors to engage in a more detailed analysis 

of the challenges and design principles of effective human cooperation and 

intelligent systems, as the authors did [8]. In their work, they analyze how 

technology can support workers instead of neglecting them, what are the principles 

of cooperation between people, employees and machines in the industrial system, 

as well as how to develop human centric production systems. And when it comes to 

performing tasks, Nahavandi (2019) highlights that routine, repetitive, and 

physically demanding work can be performed by robots instead of people [10]. At 

the same time, operational efficiency and increased productivity can be achieved by 

introducing new systems such as: a network of smart sensors, big data analysis, 

artificial intelligence. It is a fact that a greater degree of adaptation is required when 
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collaborating collaborative robots and humans. Robots need to be programmed 

according to industry needs, and people need proper training and support.  

Artificial intelligence plays a crucial role in modern industrial systems, particularly 

in software architectures that enable the organization of algorithms for robot control 

and the optimization of production processes. These algorithms support monitoring, 

regulation, and continuous adjustment of operations, thereby contributing to the 

development of smart manufacturing. Alongside this, augmented intelligence 

emphasizes the synergy between human and artificial intelligence, aiming to 

enhance the capabilities of both in production environments [10], while earlier 

research has already highlighted AI applications in robotics, logistics planning, 

translation systems, and speech recognition [11]. In parallel, collaborative robots 

enable safe and efficient humanïrobot interaction within shared workspaces, where 

robots can adapt to human actions using sensors and intuitive communication 

interfaces, significantly improving tasks that require flexibility and partial 

automation [12]. Another key concept is digital twins, which represent dynamic 

virtual models of physical systems continuously updated through sensor data, 

enabling real-time monitoring, simulation, and analysis supported by IoT, big data, 

and AI technologies [13, 14]. Together, these technologies are transforming 

multiple sectors, including healthcare, logistics and supply chain management, 

energy systems, fashion industry, and education, where they enhance efficiency, 

personalization, sustainability, and decision-making processes. The application of 

smart systems is widely present in education and training. Specifically in the 

educational sector, modern technologies. bring new approaches to learning based 

on the personalization of the educational process. 

The impact of Industry 5.0 is felt in all industries through the way they affect the 

transformation of work. Through the literature review, Industry 5.0 is still in the 

process of being introduced, various industries are still adapting and introducing 

new technology. New technology is not something that comes by itself, it is also 

necessary to invest in it, that's why available resources in the company play a big 

role. Resources in the company do not have to be only monetary, they also concern 

human resources. These events lead more and more authors to engage in research 

on Industry 5.0 and employees [15]. deal in their researc with the impact of digital 

transformation on the future of work, emphasizing that the development of 

technologies changes the structure of occupations, the organization of work and the 

requirements for skills in the modern age [16].  

3 Research methodology  

The goal of this paper is the analysis of the key aspects of digitization within the 

concept of Industry 5.0 with a special focus on its impact on employees and the 

transformation of modern work. The research is of a quantitative nature, based on a 
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survey conducted via the online platform Google Forms. The way the survey was 

conducted enabled the anonymous participation of respondents and the inclusion of 

a wider population of employees from various industrial sectors. The collected data, 

on the other hand, provide insight into the attitudes and experiences of employees 

in relation to the digitization and implementation of Industry 5.0. Analyzing the 

results of 270 respondents, who are employed in various industrial sectors, provides 

clarity and contributes to a better understanding of digital transformation in the 

modern random environment. The research process was carried out in accordance 

with the ethical standards of scientific research, which means that the respondents 

were informed about the purpose of the research, while their participation was 

completely anonymous and voluntary. Anonymous surveying made it possible for 

all previously collected data to be processed in a way that does not provide the 

possibility of identifying individual respondents. 

Survey questionnaire consists of closed questions, harmoniously organized, in five 

thematic areas, which include different dimensions of the impact of digitization and 

Industry 5.0. The questions in the survey were rated using a Likert scale. For the 

purposes of the research, it was formed on the basis of five levels, where the 

respondents expressed the degree of agreement with the offered statements. The 

statements were formed according to the principle from completely disagree to 

completely agree. After data collection, data were adjusted for further analysis. 

Analysis of the obtained data followed with the help of the IBM SPSS Statistics 

software package. Descriptive statistics were applied to show the basic 

characteristics of the sample, as well as exploratory factor analysis (EFA), which 

was used to identify latent dimensions that describe employees' attitudes towards 

digitization and work transformation. Exploratory factor analysis was carried out 

using the Principal Component Analysis (PCA) method with Varimax rotation, in 

order to enable a clearer interpretation of factor structures and relationships between 

variables. The suitability of the data for the application of factor analysis was 

checked by applying the Kaiser-Mayer-Olkin (KMO) sample adequacy test and 

Bartlett's specificity test, which confirmed the statistical justification of the 

application of the method. Based on the aforementioned analysis, key dimensions 

were identified that describe employees' perception of digitization and its impact on 

the transformation of work within Industry 5.0. 

First section of questions consists of demographic characteristics. Demographic 

characteristics are shown in Table 1. Based on the results, according to the age 

structure, the largest share of respondents belongs to the age group from 25 to 34 

years (37.4%), followed by the group from 35 to 44 years (31.5%), while other age 

categories are represented in a smaller percentage. In terms of gender structure, 57% 

of men and 43% of women are represented in the sample, which represents a good 

ratio for the interpretation of the results. In the job position section of respondents, 

the largest number are operational workers (37.8%), which is very significant for 

the research, followed by employees in the positions of managers or supervisors 

(18.1%), as well as specialists and experts (12.2%). We must not ignore the first 
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part of the sample, which includes respondents who were classified as "Other" 

(31.9%). The "Other" category confirms the claim that there are no job positions 

that are isolated from the wave of new changes in organizations. 

The presented results indicate that the respondents come from different industrial 

sectors, and the sample enables an overview of the perception of digital 

transformation and the implementation of Industry 5.0 principles from multiple 

professional perspectives. 

 

Measure Items % 

Age <25 years 

25-34 years 

35-44 years 

45-54 years 

55 years or older 

10 

37.4 

31,5 

14,1 

7 

Gender Male 

Female 

57 

43 

Industry/sector in which you 

work 

  

Your current position Operational worker 

Manager/Supervisor 

Specialist/Expert 

Other 

37,8 

18.1 

12,2 

31,9 

Table 1 

Demographic characteristics (N = 270) 

4 Results and discussion  

There are several methods that can be applied within Exploratory Factor Analysis 

(EFA). EFA analysis was applied in order to identify the basic dimensions that 

describe employees' perception of digitalisation and its impact on the transformation 

of work within the Industry 5.0 concept. This method provides the possibility of 

determining the factor dimensions, which explain and connect the mutual relations 

between a large number of observed variables. The method that was implemented 

in the EFA analysis is principal component analysis, i.e. Principal Component 

Analysis (PCA) with Varimax rotation. In this way, a clearer separation of the factor 
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structures as well as a simplified interpretation of the results is possible. For the 

purposes of data processing, a criterion was used to retain factors whose eigenvalue 

is greater than 1. Factor loadings, which were used to interpret the results, are 

greater than 0.50. According to the recommendations of [17], such values are 

considered as an "acceptable threshold". Based on the mentioned facts, the 

presented factorial limitation will represent the usual threshold for the interpretation 

of factor analysis results in this paper. EFA results are shown in Table 2. 

Prior to conducting the Exploratory Factor Analysis, the adequacy of the data for 

factor analysis was assessed using the Kaiser-Meyer-Olkin (KMO) measure and 

Bartlettôs Test of Sphericity. The results indicate a very high sampling adequacy 

(KMO = 0.938), which is well above the recommended threshold of 0.60, 

confirming that the dataset is highly suitable for factor analysis. In addition, 

Bartlettôs Test of Sphericity was statistically significant (ɢĮ = 3733.861, df = 276, p 

< 0.001), indicating that the correlation matrix is not an identity matrix and that 

sufficient correlations exist among variables to proceed with factor extraction. 

The analysis identified five factors, and according to [17], the results of the factor 

analysis are interpreted through several key numerical indicators. They explain how 

factors represent relationships between variables and how statistically acceptable 

the model is. The factors in this case describe the structure of the employees' 

perception regarding digitalization and transformation of work within the concept 

of Industry 5.0. Furthermore, the obtained factors include various aspects of digital 

transformation, including employee motivation, technological changes in the 

random environment, organizational support, digital skill development and work-

life balance. 

 

Observed 

variables 

  Factors   

 1 2 3 4 5 

MS3 0.833     

MS2 0.801     

MS5 0.719     

MS4 0.665     

MS1 0.633     

TR3 0.614     

TR1 0.573     
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TR2 0.517     

TA1  0.753    

TA2  0.733    

TA3  0.678    

TA4  0.612    

WB2   0.735   

WB3   0.716   

WB1   0.689   

WB5   0.688   

WB4   0.634   

WE4    0.661  

TR4    0.640  

TR5    0.608  

WE2     0.818 

WE1     0.621 

WE3     0.547 

Table 2 

Exploratory Factor Analysis (EFA) 

The adoption of Industry 5.0 is not unidimensional, but encompasses multiple 

interconnected aspects, as confirmed by the results obtained. The five identified 

factors indicate key elements of work transformation in modern organizations that 

are introducing digitalization. By including motivation, employee satisfaction, 

work-life balance, and changes in work processes, a clearer picture is obtained of 

the direction in which organizations should develop in order to improve the working 

environment. The results also show that the application of Industry 5.0 principles is 

necessary for further improvement of industrial and technological infrastructure. It 

is particularly important to develop digital competencies of employees and adapt 

them to new working conditions. Digitalization is a key factor of modern business, 

and success depends on the ability of an organization to balance technological 

progress with the needs of employees, with adequate support in the adaptation 
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process. It is also important to encourage organizational learning that is based on 

teamwork, because the organization is built by all employees, not by an individual. 

 

Conclusion  

The aim of this paper was to examine the extent to which digitalization within the 

framework of the Industry 5.0 concept affects employees and the transformation of 

the modern way of working in organizations of different industries, as well as their 

motivation and professional development. The conducted factor analysis identified 

five key factors that explain employees' perception of digital transformation. 

The results obtained indicate that the acceptance of Industry 5.0 is not based solely 

on technological aspects, but also on human and organizational factors. The 

domains related to digital change, technological aspects, organizational support, 

balance between private and professional life and the quality of the digital work 

environment were particularly highlighted. 

These findings confirm that digital transformation is a socio-technical process in 

which technology and the human factor are interconnected. Accordingly, the 

successful implementation of Industry 5.0 requires a coordinated development of 

digital technologies and digital competencies of employees, as well as continuous 

organizational support. 

The practical contribution of the research is reflected in the emphasis on the role of 

management in creating an environment that supports learning, adaptation and well-

being of employees. The results show that technology alone is not sufficient for the 

success of digital transformation, but that employees and their willingness to 

actively participate in change play a key role. 

The limitations of the research relate to the relatively limited sample and focus on 

certain sectors, which reduces the possibility of broader generalization of the results. 

Future research should therefore include a larger sample and different industrial 

contexts in order to obtain more comprehensive insights into the impact of Industry 

5.0. 
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Abstract: Functions represent a fundamental concept in the C programming language and 

play an essential role in the development of modular, structured, and reusable programs. 

For introductory computer science students, understanding how functions operate is a 

critical step in learning programming, as it supports the development of clear program 

structure and efficient problem-solving strategies. However, many beginners experience 

difficulties when first encountering concepts such as function declaration, function definition, 

parameters, return values, and function calls. This paper examines the teaching of functions 

in C programming using a simplified instructional approach based on a single illustrative 

example. Instead of presenting multiple unrelated examples, the proposed approach focuses 

on one coherent example designed to demonstrate the main concepts associated with 

functions, including the interaction between user-defined functions and the main() function. 

This method aims to reduce conceptual complexity and support students in understanding 

the logical structure of function-based programming. To evaluate the effectiveness of this 

approach, an educational survey was conducted with 200 first-year computer science 

students from the Faculty of Information Technology at the Polytechnic University of Tirana. 

The study combined a conceptual explanation of functions with intentionally simple 

programming examples and collected student feedback regarding their understanding of the 

topic. The results suggest that presenting function concepts through a clear and simple 

example can significantly support studentsô conceptual understanding and improve the 

learning experience in introductory programming courses. 

Keywords: C Programming Languages, Functions, Modular Programming, Programming 

Education, Introductory Programming, Computer Science Education. 
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1 Introduction  

The C programming language remains one of the foundational languages in 

computer science education and software development. Its structured approach and 

efficiency make it an ideal language for understanding core programming concepts 

[3]. Among these concepts, functions play a crucial role by enabling modular 

programming, which allows large programs to be divided into smaller and more 

manageable components [4]. Modular programming through functions improves 

code organization, enhances code reusability, and simplifies debugging and 

maintenance [5]. 

These advantages are particularly significant for first-year computer science 

students who are introduced to fundamental programming principles. Learning how 

to design and use functions effectively helps students develop structured thinking 

and problem-solving skills that are essential for advanced software development. 

Teaching introductory programming concepts is widely recognized as a challenging 

task in computer science education [2], [10]. Many novice programmers experience 

difficulties when learning fundamental concepts such as functions because these 

topics require understanding both program logic and programming syntax 

simultaneously. 

This article presents a survey of functions in C programming, examining their types, 

structure, and practical significance. The objective of this study is not only to 

present the fundamental concepts of functions in the C programming language, but 

also to examine how simplified programming examples can support the learning 

process of introductory computer science students. In particular, this study 

investigates whether presenting function concepts through a single simple example 

can improve studentôs conceptual understanding and reduce learning difficulties 

commonly encountered in introductory programming courses. 

Based on the educational objectives of this study and the challenges faced by 

introductory computer science students when learning functions in C programming, 

the following research questions guide this work: 

RQ1: How effectively do first-year computer science students understand the 

fundamental concepts of functions in C programming, including function 

declaration, function call, and function definition? 

RQ2: Does the use of a single simple programming example help students better 

understand the interaction between user-defined functions and the main()  

function? 

RQ3: How do simplified examples influence studentsô conceptual understanding of 

modular programming in introductory programming courses? 
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The main contribution of this study is the investigation of a simplified instructional 

approach for teaching functions in C programming using a single coherent 

programming example. By combining conceptual explanation with an educational 

survey conducted among first-year computer science students, this study provides 

empirical insight into how simplified programming examples can support the 

understanding of fundamental programming concepts. 

2 Methodology 

The methodology of this study is designed to address the research questions 

presented above by examining how simple programming examples can support the 

understanding of functions among first-year students. This study follows a 

descriptive and educational approach to analyse the role of functions in C 

programming. The analysis focuses on the fundamental concepts taught in 

introductory programming courses [5]. 

To illustrate the discussed concepts, several simple programs were developed and 

executed using the DevCpp programming environment. The programs presented in 

this paper are deliberately simple so that the fundamental concept of functions in C 

can be understood more easily [3]. This approach allows first-year informatics 

students to focus on the structure of functions, including function declarations, 

function calls, function definitions, parameters, and return values, without being 

distracted by complex program logic. 

In addition to the conceptual explanation, an educational survey was conducted with 

200 first-year computer science students. The survey included a short conceptual 

questionnaire administered before the lesson (pre-test) and after the lesson (post-

test) in order to evaluate studentsô understanding of function-related concepts. The 

collected responses were analysed to examine the effectiveness of the proposed 

instructional approach. 

The examples used in this study aim to support beginner programmers in 

understanding the practical use of functions in program development and to enhance 

their comprehension of modular programming principles [4]. 

3 Conceptual Overview of Functions in C 

Programming 

This section provides a conceptual overview of functions in the C programming 

language. In order to maintain consistency throughout the paper, the same simple 

programming example is used and gradually extended to illustrate different aspects 
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of functions, including function declaration, function calls, function definitions, 

parameter passing, and recursion. This approach allows students to focus on the 

structural role of functions without being distracted by changes in program logic. 

Figure 1 illustrates the conceptual structure of functions in C programming used in 

this study. The figure summarises the main topics presented to students, including 

the importance of functions, the main concepts of functions, types of functions, 

methods of passing parameters, and categories of function definitions. The visual 

representation was designed to support beginner programmers in understanding the 

relationships between theoretical concepts and their practical implementation in C 

programming. 

 

Figure 1 

Conceptual overview of functions in C Programming [1] 

3.1 What is the Importance of Functions in C Language 

Functions play an important role in the C programming language because they help 

developers organize and manage complex programs. Developers divide the main 

problem into smaller subprograms in order to reduce program complexity, improve 

code reusability, and make the debugging process easier. Modularity allows 
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programs to be divided into manageable components, which enhances software 

structure and maintainability [6]. 

Dividing programs into functions reduces complexity, improves code reusability, 

simplifies debugging, and enhances maintainability, allowing developers to 

organize programs into manageable components [7]. These subprograms or sub-

problems are called functions or modules, and this type of programming is known 

as modular programming. 

3.2 Types of Functions in C Programming Language 

There are two types of functions: user-defined functions and predefined functions. 

3.2.1 Predefined Functions 

Predefined functions are functions whose logic is already provided by the compiler 

or the standard library. Developers do not need to write the source code for these 

functions; they simply use them in their programs. For example, the function printf() 

is used directly without rewriting its implementation. To use predefined functions, 

the corresponding header files must be included in the program. For instance, for 

the printf() and scanf() functions, the stdio.h header file must be included, since the 

logic and declarations of these functions are defined within it. If the developer fails 

to include the stdio.h header file, these predefined functions will not work properly 

in the program. 

Predefined functions are utilized to improve programming efficiency and reduce 

development complexity by providing ready-made solutions for common 

computational tasks in C. These functions are thoroughly tested and widely 

documented, ensuring reliability and software stability [6]. The use of predefined 

functions enhances code readability and maintainability, contributing to structured 

and efficient software development, concepts emphasized in foundational 

programming and software engineering literature [7]. 

3.2.2  User-defined Functions 

User-defined functions in the C programming language are functions or 

subprograms that are created by the developer to perform a specific task. Unlike 

predefined functions (which are provided by the standard library), user-defined 

functions are written by programmers to implement custom logic. The developer 

must create the complete logic of the function. User-defined functions must also 

have a specific name given by the developer. In the C programming language, user-

defined functions are usually defined outside the main() function and can be called 

from within main() or other functions. 
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Every user-defined function must have a specified data type. The execution of a C 

program always starts from the main() function, and initially only the main block is 

executed. In order to execute user-defined functions, developers must provide a 

reference to them inside the main() function. This reference is called a function call. 

Like variables, user-defined functions must be declared before they are used in the 

source code. 

The main() function is also a user-defined function, but it has a special role because 

the compiler only recognizes the main()  function as the entry point of the 

program. User-defined functions help to: 

a. Reduce code complexity. 

b. Improve code reusability. 

c. Make debugging easier. 

d. Organize the program into smaller, manageable parts [6]. 

3.3 Three Main Concepts of User-defined Functions in C 

Programming Language 

A function in C Programming Language generally consists of:  

3.3.1 Function Declaration 

A function declaration (prototype) informs the compiler about the functionôs name, 

return type, and parameters. It allows the compiler to recognize the function before 

its actual definition. 

a. The function declaration must be done above the main() function. 

b. Syntax: return_type  function_name (list of data_types); 

c. A semicolon (;) is mandatory at the end of the function declaration. 

Function declarations improve code structure and enable the compiler to verify 

function usage before execution, a fundamental principle of structured 

programming [6]. 

3.3.2 Function Call  

Function call: It is used to execute the function definition from main() or another 

function definition. It triggers the execution of the functionôs code. 

d. The function call must be done inside the main()  function. 

a. Syntax: function_name (list of parameters or arguments); 

b. A semicolon (;) is mandatory at the end of the function call. 

Function calls enable code reuse and modular program execution, which improves 

software maintainability and readability [7]. 
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3.3.3 Function Definition   

Function definition: It contains the actual logic of the function. It specifies what 

operations the function will perform when called. 

a. A function definition in C can be placed outside the main() function, which 

means it can appear either before or after main(). If the function definition is 

placed before the main() function, a separate function declaration (prototype) 

is not required. However, if the function definition appears after main(), a 

function declaration must be provided before main() to inform the compiler 

about the function. 

b. Syntax: return_type  function_name (list of parameters) 

                     {  

                          local variable declaration; 

                          executable statements; 

                          return; 

                      }  

c. In C programming, function definitions do not end with a semicolon. 

Function definitions encapsulate program logic and support modular programming 

by separating tasks into independent units [6]. 

 

To illustrate the concepts of function declaration, function call, and function 

definition, a simple program that calculates the sum of three numbers is used. The 

program was developed and executed using Dev-C++. 

 
//Example 1. C program to find sum of three numbers. 

#include<stdio.h>  

int  add(int , int , int ); //The function declaration must be done above the main(). 

int  main() 

{  

   int  a,b,c,sum=0; 

   printf("Enter the values of a, b, and c :"); 

   scanf("%d%d%d",&a,&b,&c); 

   sum=add(a,b,c);//The function call must be done inside the main().Calling function. 

   printf("The sum is = %d.",sum); 

 return  0; 

}  

//The function definition can be placed outside the main() function. Called Function. 

int  add(int  x,int  y,int  z)  

{  

    int  d; 

    d=x+y+z; 

    return  d; 

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The sum is = 18. 
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Example 1 

C Program to find sum of three numbers [1] 

In the function declaration, add(int,int,int) accepts three parameters of integer data 

type and returns an integer value to the parent function. The execution of the 

function definition is triggered through a function call written inside the main() 

function. In other words, in order to execute the function definition, the developer 

must call it from the main() function. This reference inside main() is called a 

function call. [3],[6]. 

The function call must use the same function name and the same number of 

parameters as defined in the function declaration and function definition. If the 

function declaration specifies three parameters, then the function call must also 

provide three values (for example, a, b, and c). These values are passed to the user-

defined function add, and the result is stored in shuma. Modular function calls and 

parameter passing support structured programming and code reusability, which are 

essential principles in introductory computer science education [7], [8]. 

In the function definition (child function), we write the logic for addition, and in the 

end, we return the value to the main()  function (parent function). The function in 

which we write the function call is called the parent function or calling function. 

The function in which we write the logic is called the function definition or child 

function, and it is referred to as the called function.  

The parameters used in the function call are called actual parameters, while the 

parameters defined in the function definition are called formal parameters. Any 

function created by the developer will return control to the main() function (parent 

function). The return may be either an empty return (void return) or a value return. 

In the Example 1, the user-defined function returned the result to the calling 

function inside the main() function, demonstrating function communication and 

result passing [3], [6], [8]. 

In Example 2, the result is printed inside the function definition itself therefore, an 

empty return is sent back to the calling function in the main() function. 
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//Example 2. C program to find sum of three numbers.(Empty return) 

#include<stdio.h>  

void add(int , int , int ); //The function declaration must be done above the main(). 

int  main() 

{  

    int  a,b,c,sum=0; 

    printf("Enter the values of a, b, and c :");  

    scanf("%d%d%d",&a,&b,&c); 

    add(a,b,c); //The function call must be done inside the main(). Calling function. 

   return  0;  

}  

//The function definition can be placed outside the main(). Called function. 

void add(int  x, int  y, int  z)  

{   

    int  d; 

    d=x+y+z; 

    printf("The sum is = %d.",d);  

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The sum is = 18. 

Example 2 

Program to find sum of three numbers (Empty return) [1] 

3.4 Four Categories of Function Definitions in C 

Programming Language 

In the C programming language, function definitions can be classified into four 

categories depending on whether they use arguments and return values. These 

categories help programmers understand different ways in which functions can 

interact with other parts of a program and support modular software design [6]. 

 

a) Function definition with arguments and with return value. 

b) Function definition with arguments and without return value. 

c) Function definition without arguments and with return value. 

d) Function definition without arguments and without return value. 

To explain the four categories of function definitions, the same program that 

calculates the sum of three numbers is used as an illustrative example. Modular 

function design, such as these categories, improves code organization and 

reusability, principles emphasized in software engineering literature [7]. 

3.4.1 Function Definition with Arguments and with Return Value 

A function definition with arguments and a return value receives input values 

(arguments), processes them, and then returns a result to the program. In Example 

If the output statement is 

written inside the user-
defined function itself, a 

return type is not required. 

 

Actual parameters 

Formal parameters 
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3 below, the function definition takes three numbers as arguments and returns their 

sum. 
 

//Example 3. Function definition with arguments and with return value 

#include<stdio.h>  

int  add(int , int , int ); //Function declaration with arguments and with return value. 

int  main() 

{  

   int  a,b,c,sum=0; 

   printf("Enter the values of a, b, and c :"); 

   scanf("%d%d%d",&a,&b,&c); 

   sum=add(a,b,c); //Function call with arguments and with return value. 

   printf("The sum is = %d.",sum); 

   return  0; 

}  

//Function definition with arguments and with return value. Called function 

int  add(int  x,int  y,int  z)  

{  

    int  d; 

    d=x+y+z; 

    return  d; 

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The sum is = 18. 

Example 3 

Function definition with arguments and with return value [1] 

3.4.2 Function Definition with Arguments and without Return Value 

A function with arguments and without a return value receives input values    

(arguments) but does not return any result to the main() function. It performs a 

specific task, such as displaying or processing the given values.  

In Example 4 below, we have a function definition  that takes three inputs as 

arguments but does not return any value to the main() function. The function 

definition performs the summing internally without sending a result back. 
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//Example 4. Function definition with arguments and without return value. 

#include<stdio.h>  

void add(int ,int ,int );//Function declaration with arguments and without return value  

int  main() 

{  

    int  a,b,c; 

    printf("Enter the values of a, b, and c :"); 

    scanf("%d%d%d",&a,&b,&c); 

    add(a,b,c); //Function call with arguments and without return value. 

   return  0; 

}  

//Function definition with arguments and without return value. Called function. 

void add(int  x,int  y,int  z) 

{  

    int  sum=0; 

    sum=x+y+z; 

    printf("The sum is = %d.",sum); 

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The Sum is = 18. 

Example 4 

Function definition with arguments and without return value [1] 

3.4.3 Function Definition without Arguments and with Return Value 

A function without arguments and with a return value in Example 5 calculates the 

sum of three predefined numbers inside the function definition and returns the result 

to the main program. The main program can then use the returned value for further 

processing or display. 

  



 247 

//Example 5. Function definition without arguments and with return value.  

#include<stdio.h>  

int  add(); //The function declaration without arguments and with return value. 

int  main() 

{  

    int  sum=0; 

    sum=add(); //The function call without arguments and with return value. 

    printf("The sum is = %d.",sum); 

    return  0; 

}  

//Function definition without arguments and with return value. Called function. 

int  add() 

{  

    int  a,b,c,d=0; 

    printf("Enter the values of a, b, and c :"); 

    scanf("%d%d%d",&a,&b,&c); 

    d=a+b+c; 

   return  d; 

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The sum is = 18. 

Example 5 

Function definition without arguments and with return value [1] 

3.4.4 Function Definition without Arguments and without Return Value 

In Example 6, the function definition reads the three inputs directly from the 

keyboard and does not receive them from the main function. All operations are 

performed within the function definition, and in the main() function there is only 

the function call because in the main() function we can remove all instructions 

except the function call. 
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//Example 6. Function definition without arguments and without return value. 

#include<stdio.h>  

void add(); //The function declaration without arguments and without return value. 

int  main() 

{  

  add(); //The function call without arguments and without return value. 

  return  0; 

}  

//Function definition without arguments and without return value. Called function. 

void add() 

{  

    int  a,b,c,sum=0; 

    printf("Enter the values of a, b, and c :"); 

    scanf("%d%d%d",&a,&b,&c); 

    sum=a+b+c; 

    printf("The sum is = %d.",sum); 

}  
Compilation and execution of the program. 

Enter the values of a, b, and c : 10 5 3 

The sum is = 18. 

Example 6 

Function definition without arguments and without return value [1] 

3.5 Recursive Functions 

Recursive functions in C language are functions that call themselves to solve a 

problem by breaking it into smaller sub-problems. They must have a base condition 

to stop recursion and prevent infinite function calls. 
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/*Example 7. A recursive function to sum n numbers reads input values from the 

keyboard and adds them using recursive calls.*/ 

int  sumRecursive(int  n)  

{  

    int  num; 

    if  (n == 0) 

    return  0;  // Base case. 

    printf("Enter number : "); 

    scanf("%d", &num); 

  return  num + sumRecursive(n - 1);  // Recursive function call 

}  

int  main()  

{  

    int  total; 

    total = sumRecursive(3);  // Add three numbers 

    printf("The sum is = %d.\n", total); 

  return  0; 

}  
Compilation and execution of the program. 

Enter number : 10 

Enter number : 5 

Enter number : 3  

The sum is = 18. 

Example 7 

C program to find sum of three numbers, using recursive function [1] 

3.6 Call by Value and Call by Reference 

Two methods to pass parameters as arguments from function call to function 

definition are Call by Value and Call by Reference. 

3.6.1 Call by Value. 

In Call by Value, a copy of the variableôs value is passed to the function definition 

from function call in the main() function, so changes inside the function definition 

do not affect the original variable in function call in main() function. Example 1-4. 

The actual parameters in function call are copied into the formal parameters of the 

function definition. The original parameters remain unchanged because only their 

values are duplicated and passed to the function definition [6]. The actual 

parameters in function call have their own memory addresses, while the formal 

parameters in function definition are stored in different memory locations. If the 

function definition modifies the formal parameters, only their values change, while 

the values of the actual parameters in function call remain the same because they do 

not share the same memory location [6]. 
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3.6.2 Call by Reference. 

In Call by Reference, the memory address of the variable is passed, allowing the 

function to modify the original variable. 

 

// Example 8. C program to find sum of three numbers, using call by reference 

#include<stdio.h>  

//The Function declaration with arguments and without return value. 

void add(int * , int * , int * , int * ); 

int  main() 

{  

    int  x,y,z,result; 

    printf("Enter the values of x, y, and z :"); 

    scanf("%d%d%d",&x, &y, &z); 

    add(&x, &y, &z, &result); //Actual parameters. 

    printf("The sum is = %d.",result); 

    return  0; 

}  

/*Function definition with arguments and with return value. Called function. The 

function add receives the addresses of the variables. */  

void add(int  *a, int  *b, int  *c, int  * result) //Formal parameters 

{  

 //Access the values stored at those addresses. The calculated sum is stored in result. 

    * result = *a + *b + *c;  

}  
Compilation and execution of the program. 

Enter the values of x, y, and z : 10 5 3 

The sum is = 18. 

Example 8 

C program to find sum of three numbers, using call by reference[1] 

In the call by reference mechanism, the actual parameters and the formal 

parameters refer to the same memory locations. Any modification made to the 

formal parameters in function definition directly affects the actual parameters in 

function call because the function definition works with their addresses. 

4 Results of the Educational Survey 

To evaluate the effectiveness of the teaching approach based on a single simple 

example, a short survey was conducted with 200 first-year computer science 

students. The students were asked to complete a short conceptual questionnaire 

before the lesson (pre-test) and after the lesson (post-test). The results are presented 

in Figure 2. 
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.  

Figure 2 

Understanding of C Functions Before and After the Lesson 

As shown in Figure 2, only 70 out of 200 students correctly understood the basic 

concepts of functions before the lesson. After the lesson, the number increased to 

160 students. This improvement indicates that presenting the concepts through a 

single simple example significantly helped students understand how functions 

operate in C programming. 

 

Table 1 summarizes the results of the conceptual questionnaire administered before 

and after the instructional session. The results show a clear improvement in 

studentsô understanding of functions after the lesson. 
 

Test Type Number of Students(out of 200) Percentage 

Pre-Test(Before the Lesson)   70 35% 

Post-Test (After the Lesson)   160 80% 

Table 1 

Summary of Pre-Test and Post-Test Results 

The number of students who correctly understood the basic concepts of functions 

increased from 70 students in the pre-test to 160 students in the post-test. This 

represents an improvement of approximately 45 percentage points, indicating a 

substantial increase in studentsô conceptual understanding after the instructional 

explanation. 

In addition to measuring conceptual understanding, students were also asked to 

evaluate whether the use of a single simple programming example helped them 

better understand the concept of functions. 
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Figure 3 

Student Perception of the Use of a Single Simple Example 

As shown in Figure 3, the majority of students positively evaluated the teaching 

approach. Most students selected Agree or Strongly Agree, indicating that the use 

of a simple and focused example helped them understand the relationship between 

function declaration, function call, and function definition. Only a small number of 

students expressed disagreement, while some students remained neutral, as 

summarized in Table 2. 

 

Response Number of Students(out of 200) 

Strongly Disagree 10 

Disagree 20 

Neutral 30 

Agree 90 

Strongly Agree 50 

Table 2 

Student Perception of the Teaching Approach 
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5 Discussion  

The use of functions significantly improves program structure and readability by 

allowing complex problems to be divided into smaller and more manageable 

components [6]. For first-year computer science students, learning how to design 

and use functions represents an important step toward understanding modular 

programming and structured software design [7]. Functions encourage students to 

develop systematic problem-solving strategies and support the principles of 

structured programming, which are fundamental in introductory programming 

education. 

Furthermore, understanding the different categories of functions helps students 

learn how data can be transferred between program components through arguments 

and return values. This process strengthens studentsô ability to organize program 

logic and improves their comprehension of code modularity, reusability, and 

maintainability [3], [8]. 

The results of the educational survey conducted in this study provide empirical 

support for these observations. The comparison between the pre-test and post-test 

results shows a clear improvement in studentsô understanding of function-related 

concepts after the instructional explanation and programming examples. In 

particular, the percentage of students who correctly understood the basic concepts 

of functions increased from 35% in the pre-test to 80% in the post-test, indicating 

a substantial improvement in conceptual understanding. 

In addition, the student perception survey indicates that most participants 

considered the use of a single simple programming example helpful in 

understanding the relationship between function declaration, function call, and 

function definition. These findings suggest that simplified instructional examples 

can play an important role in reducing conceptual complexity for novice 

programmers. 

From an educational perspective, presenting programming concepts through clear 

and focused examples may help students concentrate on the fundamental logic of 

functions without being distracted by unnecessary program complexity. This 

approach aligns with educational research in computer science that emphasizes the 

importance of structured explanations and carefully designed examples for 

improving conceptual understanding in introductory programming courses. Similar 

challenges in teaching introductory programming concepts have also been 

discussed in previous studies on programming education, which highlight the 

difficulties novice programmers face when learning fundamental programming 

structures [2], [10]. 
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6 Limitations  of the Study 

This study has several limitations that should be considered when interpreting the 

results. First, the survey was conducted with students from a single institution, 

which may limit the generalizability of the findings to other educational contexts. 

Second, the evaluation focused primarily on studentsô conceptual understanding 

immediately after the lesson, and long-term retention of the concepts was not 

measured. Future studies could involve students from multiple institutions and 

examine the long-term impact of simplified instructional examples on programming 

learning outcomes. 

 

Conclusions  

Functions represent one of the most important concepts in the C programming 

language and play a key role in the development of structured and modular 

programs. By dividing complex problems into smaller subprograms, functions 

improve program organization, code reusability, and maintainability [6]. 

This article presented an overview of functions in C programming, including 

predefined and user-defined functions, as well as the concepts of function 

declaration, function call, and function definition. In addition, the four main 

categories of function definitions were discussed and illustrated through simple 

programming examples designed for introductory computer science students. 

The results of the educational survey conducted with first-year students indicate that 

the use of simplified programming examples can support studentsô conceptual 

understanding of functions and their role in modular programming. The comparison 

between pre-test and post-test results suggests that presenting function concepts 

through a clear and coherent example can significantly improve studentsô 

comprehension of how functions operate within a C program. 

Overall, the findings highlight the importance of using structured explanations and 

simple instructional examples when introducing fundamental programming 

concepts. Such approaches can help novice programmers better understand the 

logical structure of programs and support the development of effective 

programming skills in introductory computer science education. 

Future research may explore the effectiveness of the single-example instructional 

approach in teaching other programming concepts such as loops, arrays, and data 

structures. 

 

Acknowledgement 

The author would like to express gratitude to the first-year Computer Science 

students whose learning experiences inspired the preparation of this study. Their 

interaction during programming courses has helped highlight the importance of 



 255 

presenting fundamental programming concepts, such as functions in C, through 

clear explanations and simple examples. 

 

Conflict of Interests 

The author declares that there is no conflict of interests regarding the publication of 

this paper. 

 

References 

[1] Shehu, B: Functions in C Programming. Lecture Notes, 2019, Polytechnic 

University of Tirana. https://sites.google.com/view/bojkenshehu/c-language 

[2] Bennedsen, J., Caspersen, M. E: Failure rates in introductory programming. 

ACM SIGCSE Bulletin, 2007, 39(2), 32ï36. 

[3] Kernighan, B. W., Ritchie, D. M: The C Programming Language, 2nd ed, 

1988, Prentice Hall. 

[4] Schildt, H: C: The Complete Reference ,3rd ed, 2000, McGraw-Hill.  

[5] Deitel, P., Deitel, H: C How to Program, 8th ed, 2016, Pearson. 

[6] Pressman, R. S., Maxim, B. R: Software Engineering: A Practitionerôs 

Approach, 2014, McGraw-Hill.  

[7] Sommerville, I: Software Engineering, 10th ed, 2015, Pearson. 

[8] Tempero, E: An Experiment on the Effects of Modularity on Code, 2023, 

ACM. https://kblincoe.github.io/publications/2023_ACE_Modularity.pdf 

[9] Lavy, I: The Circumstances in which Modular Programming becomes the 

Favor Choice by Novice Programmers, 2018, IJïMECS. https://www.mecs-

press.org/ijmecs/ijmecs-v10-n7/IJMECS-V10-N7-1.pdf 

[10] Robins, A., Rountree, J., Rountree, N: Learning and teaching 

programming:A review and discussion. Computer Science Education, 2003, 

13(2), 137ï172. 

  

https://sites.google.com/view/bojkenshehu/c-language
https://kblincoe.github.io/publications/2023_ACE_Modularity.pdf?utm_source=chatgpt.com
https://www.mecs-press.org/ijmecs/ijmecs-v10-n7/IJMECS-V10-N7-1.pdf?utm_source=chatgpt.com
https://www.mecs-press.org/ijmecs/ijmecs-v10-n7/IJMECS-V10-N7-1.pdf?utm_source=chatgpt.com


 256 

A Comparative Performance Analysis of User-

Defined Function Categories in C Programming 

Bojken Shehu 

Faculty of Information Technology, Tirana Polytechnic University, Tirana, 

Albania,  

bshehu@fti.edu.al 

Abstract: User-defined functions are fundamental to modular programming in C, enabling 

code reuse, maintainability, and structured program design. These functions are commonly 

classified based on the presence or absence of parameters and return values, resulting in 

four primary categories: functions without parameters and without return values, functions 

with parameters and without return values, functions without parameters but with return 

values and functions with both parameters and return values. Understanding the 

performance implications of these categories across compilation and execution is essential 

for developing efficient software. 

This study presents a comparative performance analysis of user-defined function categories 

in C. A total of seven representative programs with diverse computational characteristics 

were implemented and evaluated in all four function categories. Performance assessment 

focused on three aspects: compile-time duration, runtime execution in seconds, and 

combined time reflecting overall program efficiency.  

The results indicate that functions incorporating both parameters and return values 

generally exhibit slightly higher runtime and combined times due to additional stack 

operations and data handling, while functions without parameters and without return values 

tend to be more efficient. Compile-time differences were smaller but noticeable for programs 

with complex function structures. These findings highlight the influence of function design 

on compile-time and runtime performance, offering valuable guidance for programmers 

seeking to optimize modularity and efficiency in C programming. 

Keywords: C Programming Languages, Modular Programming, User-defined Functions, 

Compile time, Run time, Performance Analysis. 

1 Introduction  

In the C programming language, functions play a fundamental role in structured 

program design. They enable developers to divide complex programs into smaller 

and more manageable components, thereby improving readability, maintainability, 

and code reuse [1]. By using user-defined functions, programmers can organize 

mailto:bshehu@fti.edu.al
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code into logical units that perform specific tasks, which significantly simplifies 

program development and debugging [2]. 

User-defined functions in C can be classified according to the presence or absence 

of parameters and return values. Based on these characteristics, four primary 

categories can be identified: functions without parameters and without return 

values, functions with parameters and without return values, functions without 

parameters but with return values, and functions with both parameters and return 

values [3]. Each category represents a different mechanism of communication 

between the function and the calling program. 

Although these categories are conceptually simple, their performance behavior may 

vary depending on how parameters and return values are handled during program 

compilation and execution. Operations such as parameter passing, return value 

handling, and stack management may introduce additional computational overhead 

that can influence program performance [4]. 

The objective of this study is to analyze how different categories of user-defined 

functions affect program performance. Seven programs with different 

computational characteristics were implemented across all four function categories 

in order to evaluate their behavior under various conditions. 

1 Methodology 

This section describes the experimental setup used to evaluate the performance of 

different categories of user-defined functions in C programming. The methodology 

includes the description of the programs used in the experiments, the function 

categories considered, the performance metrics used for evaluation, and the 

experimental environment in which the programs were executed. 

2.1 Programs Description 

Seven programs representing different computational tasks were selected for this 

study in order to evaluate the performance of user-defined function categories under 

various conditions, Table 1. The selected programs include common computational 

problems frequently used in programming analysis, such as array operations, 

numerical calculations, and algorithmic procedures. The evaluated programs are 

listed in Table 1. 
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Program Program Description 

P1 Array Sum. 

P2 Array Maximum 

P3 Factorial Calculation 

P4 Fibonacci Calculation 

P5 Matrix Multiplication 

P6 Prime Number Check 

P7 Sorting Algorithm  

Table 1. 

Seven programs representing different computational tasks. 

Each program performs the same computational task across all implementations to 

ensure a fair comparison between the different function categories. 

2.2 Function Categories 

In this study, four categories of user-defined functions in the C programming 

language were analyzed. These categories are based on the presence or absence of 

parameters and return values. 

The four categories considered in the experiment are: 

a) Functions without parameters and without return values 
b) Functions with parameters and without return values 
c) Functions without parameters but with return values 
d) Functions with parameters and return values 

Each program was implemented using all four categories in order to evaluate how 

the structure of a function influences program performance. 

2.3 Performance Metrics 

To evaluate the performance of each implementation, three metrics were measured: 

V Compile Time ï the time required to compile the program before execution 

V Run Time ï the time required for the program to execute the computational 

task 

V Combined Time ï the total time obtained by summing compile time and 

run time 
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These metrics were selected to provide a comprehensive view of program 

performance during both compilation and execution phases. 

2.4 Experimental Environment 

All experimental programs were implemented in the C programming language and 

compiled using the Dev-C++ integrated development environment on a computer 

equipped with an Intel Core i5 processor, 8 GB RAM, and a 64-bit Windows 

operating system. Default compiler optimization settings were used during all 

experiments.  

The performance measurements were obtained by executing each program five 

times in order to ensure consistent and reliable results. For each implementation, 

compile time and runtime were recorded, and the reported values correspond to the 

average of the five executions. Combined time was calculated as the sum of compile 

time and runtime. The measured values were expressed in seconds to maintain 

consistency across all evaluated programs and analyzed using tables and graphical 

representations. 

2 Results 

The experimental evaluation was conducted across seven programs implemented 

using the four categories of user-defined functions. The following tables and figures 

present the performance measurements obtained from the execution of the evaluated 

programs. The experimental results are presented in Tables 2ï5. 
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Program 

numbers 

Compile Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return  

With 

parameters / 

With return  

P1 0.011 0.012 0.011 0.013 

P2 0.012 0.013 0.012 0.014 

P3 0.011 0.012 0.011 0.013 

P4 0.012 0.013 0.012 0.014 

P5 0.012 0.013 0.012 0.014 

P6 0.011 0.012 0.011 0.013 

P7 0.012 0.013 0.012 0.014 

Table 2. 

Compile Time Results 

 

Program 

numbers 

Run Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return  

With 

parameters / 

With return  

P1 0.146 0.171 0.156 0.181 

P2 0.151 0.176 0.162 0.186 

P3 0.134 0.159 0.144 0.169 

P4 0.141 0.166 0.152 0.176 

P5 0.154 0.181 0.164 0.191 

P6 0.148 0.170 0.158 0.182 

P7 0.152 0.176 0.162 0.188 

Table 3. 

Run Time Results 

As shown in Figure 1, the execution time trends across the evaluated programs 

indicate that functions without parameters and without return values demonstrate 

the lowest execution time. In contrast, functions with both parameters and return 

values exhibit slightly higher execution times due to additional parameter passing 
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and return value handling. The overall trend remains consistent across all tested 

programs. 

 

Figure 1  

Execution time comparison across the seven evaluated programs 

 

Program 

numbers 

Combined Time (s) 

No 

parameters / 

No return 

With 

parameters / 

No return 

No 

parameters / 

With return  

With 

parameters / 

With return  

P1 0.156 0.182 0.166 0.193 

P2 0.162 0.188 0.172 0.199 

P3 0.146 0.172 0.156 0.183 

P4 0.152 0.178 0.162 0.189 

P5 0.167 0.193 0.177 0.204 

P6 0.159 0.182 0.169 0.195 

P7 0.164 0.189 0.174 0.202 

Table 4.  

Combined Time Results 

Figure 2 illustrates the execution time trends across the evaluated programs. The 

results indicate that functions without parameters and without return values 

consistently demonstrate the lowest execution time, while functions with both 

parameters and return values show slightly higher execution overhead. 
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Figure 2 

Comparison of compile time, run time, and combined time 

Figure 3 and Table 5 presents the average combined execution time across the seven 

tested programs. The results indicate that functions with parameters and return 

values exhibit the highest combined time, while functions without parameters and 

without return values demonstrate the lowest overall execution overhead. 

 

Function Categories Avg Compile 

Time (s) 

Avg Run 

Time (s) 

Avg Combined 

Time (s) 

No parameters / No return 0.01157 0.14657 0.158 

With parameters / No return 0.01257 0.17129 0.18343 

No parameters / With return 0.01157 0.15686 0.168 

With parameters / With return 0.01357 0.181 0.195 

Table 5. 

Average performance across seven programs 
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Figure 3 

Average combined execution time across seven programs 

The experimental evaluation was conducted across seven programs implemented 

using the four categories of user-defined functions in C. The results indicate that 

compile-time differences among the four function categories are relatively small. 

This behavior is expected because the compilation process primarily focuses on 

syntax verification and translation of source code into machine instructions [5]. 

More noticeable differences were observed in runtime performance. Functions 

without parameters and without return values generally demonstrated the lowest 

execution time. Since these functions do not require parameter passing or return 

value handling, the overhead associated with stack operations is reduced. 

Functions that include parameters or return values showed slightly higher execution 

times. In particular, functions with both parameters and return values exhibited the 

highest runtime measurements among the tested categories. This behavior can be 

attributed to additional data transfer and stack manipulation during function calls.  

The observed performance trends remain consistent across all evaluated programs, 

indicating that the structural characteristics of user-defined functions have a 

measurable but relatively moderate impact on execution performance. Similar 

experimental analyses of programming structures have also been reported in 

previous programming studies [9]. 
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3 Discussion 

The results obtained from the experimental evaluation reveal several important 

patterns regarding the performance of user-defined function categories in C 

programming. Although the computational tasks performed by each program were 

identical across the four function categories, differences in performance were 

observed in runtime execution. 

Functions without parameters and without return values generally demonstrated 

slightly lower execution times. This behavior can be explained by the absence of 

parameter passing and return value handling during the function call. Since no data 

needs to be transferred between the calling program and the function, fewer stack 

operations are required, resulting in more efficient execution. 

Functions that include parameters require additional operations to transfer input 

values from the caller to the function. Similarly, functions that return values require 

extra steps to send results back to the caller. These additional operations introduce 

minor overhead during program execution [6]. 

Although the measured differences in execution time are relatively small, the results 

demonstrate that parameter passing and return value handling introduce slight 

overhead during function calls. Similar effects have been discussed in previous 

studies related to software maintainability and program structure optimization [10]. 

 

Conclusion 

This study presented a comparative analysis of four categories of user-defined 

functions in C programming across seven different programs. The evaluation 

focused on three performance metrics: compile time, run time, and the combined 

time of both processes. 

The results indicate that functions without parameters and without return values 

generally provide the lowest execution overhead, while functions with parameters 

and return values introduce slightly higher runtime due to additional stack 

operations and data transfer. Overall, the observed performance differences remain 

relatively moderate, suggesting that developers should prioritize code readability 

and modular design while applying performance optimizations mainly in critical 

sections of the program [7]. Although the measured differences are relatively small, 

the results confirm that the structural characteristics of functions can influence 

execution performance in C programming.  

These findings emphasize the importance of considering function structure when 

designing efficient and maintainable C programs. 

Future studies may extend this analysis by evaluating additional programming 

environments, larger datasets, or more complex program structures to further 

investigate the relationship between function design and program performance [8]. 
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Abstract: Customer satisfaction is a critical determinant of business performance, customer 

retention, and long-term competitiveness. As organizations increasingly rely on data-driven 

decision-making, the ability to accurately predict customer satisfaction has become an 

important research and managerial objective. This study aims to identify and predict the key 

determinants of customer satisfaction using a large synthetic customer feedback dataset 

consisting of 38,444 observations. 

The analytical framework combines Exploratory Data Analysis (EDA), Pearson correlation 

analysis, Multiple Linear Regression (MLR), and Random Forest machine learning 

techniques. To ensure the robustness of the findings, the dataset was divided into training 

(80%) and testing (20%) subsets, and model performance was further evaluated using a 5-

fold cross-validation procedure. In addition, feature importance, permutation importance, 

and SHAP (Shapley Additive Explanations) analyses were employed to enhance model 

interpretability. 

The correlation analysis revealed that Service Quality (r = 0.55) and Product Quality (r = 

0.55) exhibit the strongest positive relationships with customer satisfaction, while Income 

demonstrates a moderate association (r = 0.25). The Multiple Linear Regression results 

confirmed that Service Quality (ɓ = 9.26) and Product Quality (ɓ = 9.24) are the most 

influential predictors of customer satisfaction, followed by Income (ɓ = 4.11) and Age (ɓ = 

2.71). Furthermore, the Random Forest model outperformed the baseline regression model, 

achieving an RĮ value of 0.776 on the hold-out test set and a mean cross-validated RĮ of 

0.781. Feature importance and SHAP analyses consistently identified Service Quality and 

Product Quality as the dominant drivers of customer satisfaction. 

mailto:sadiqova.nurane@gmail.com
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The findings suggest that perceived service and product quality play a substantially greater 

role in shaping customer satisfaction than demographic and behavioral characteristics. By 

integrating traditional statistical techniques with advanced machine learning and 

explainable artificial intelligence methods, this study contributes to the growing literature 

on customer analytics and demonstrates the practical value of synthetic data for customer 

satisfaction prediction. The results provide actionable insights for organizations seeking to 

enhance customer experience and improve service quality through data-driven strategies. 

Keywords: customer satisfaction, machine learning, service quality, synthetic data 

1 Introduction 

Customer satisfaction has long been one of the most extensively researched topics 

in the field of marketing. In the classical approach, satisfaction is perceived as a 

subjective evaluation formed by comparing customer expectations with the service 

provided. Research conducted in line with this perspective demonstrates that high 

levels of satisfaction are directly correlated with increased organizational 

performance and customer loyalty. Subsequently, researchers have proposed 

numerous models and indices to measure customer satisfaction. Service quality 

models, particularly the SERVQUAL approach, have been significantly utilized in 

assessments by taking various service parametersðsuch as empathy, reliability, and 

responsivenessðinto account. However, due to these models' reliance on static 

analysis, a need for predictive and dynamic approaches has emerged. Consequently, 

unlike traditional surveying techniques, recent machine learning (ML) approaches 

provide a more efficient means of modeling customer behavior through the analysis 

of big data [1].  

The measurement and study of customer satisfaction have entered a new era with 

the advancement of machine learning and data analytics methods. In recent studies, 

the use of diverse algorithms to improve customer behavior analysis and predict 

future satisfaction levels has gained significant momentum. Decision trees, 

including Random Forest and their ensemble variants, are considered effective in 

identifying relationships between variables. Findings from several studies indicate 

that machine learning methods are more efficient and accurate compared to 

traditional statistical methods. Furthermore, it can be concluded that methods such 

as Support Vector Machines (SVM) and neural networks prevail in modeling 

nonlinear structures. Additionally, issues regarding overfitting and model 

interpretability remain central topics of discussion in this field [5]. Although, 

organizations face rising demands for research-identifiable records, they are 

developing innovative strategies to improve data accessibility. One promising 

solution is the creation of synthetic datasets, which can effectively bypass 
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traditional hurdles related to data access, user privacy, and confidentiality barriers 

[11]. 

The use of synthetic data has also become a subject of debate in recent years. By 

mimicking the structure of real data, synthetic datasets allow researchers to test 

models without encountering privacy and ethical concerns. This approach serves as 

a viable solution, especially when access to real customer data is limited. While 

synthetic data has been applied in various research contexts, the literature lacks a 

broad perspective. Most discussions are currently siloed within specific project 

frameworks or isolated methodologies, particularly in the health sector too [3].  

The primary objective of this research is to predict customer satisfaction using 

machine learning methods based on synthetic customer feedback data. In addition 

to bypassing the restrictions on accessing real data, the use of synthetic datasets 

enables models to be tested under various scenarios. As a result of the study, the 

impact of different variables on satisfaction is evaluated, and the findings are 

interpreted from the perspective of practical implementation.  

2 Literature  Review  

Customer satisfaction has long been recognized as one of the most important 

indicators of business success. Organizations that consistently achieve high levels 

of customer satisfaction are more likely to retain customers, strengthen loyalty, and 

improve financial performance. For this reason, customer satisfaction has remained 

a central topic in marketing, service management, and customer relationship 

management research. Traditionally, researchers relied on survey-based methods 

and statistical models to measure customer satisfaction. However, the rapid growth 

of digital technologies, e-commerce platforms, and customer feedback systems has 

created new opportunities for data-driven approaches that can not only explain 

satisfaction but also predict it [7].  

In recent years, machine learning has emerged as a powerful tool for customer 

analytics. Unlike traditional statistical techniques, machine learning algorithms are 

capable of identifying complex and nonlinear relationships within large datasets. As 

a result, they have become increasingly popular for analyzing customer behavior, 

predicting satisfaction levels, and supporting managerial decision-making. Recent 

studies suggest that machine learning models often outperform conventional 

statistical methods in predictive tasks because they can process large volumes of 

data and uncover patterns that linear models may not capture. Research by 

Mozumder et al. (2024) shows that the application of machine learning models 

offers significant improvements in the measurement and analysis of customer 

satisfaction, playing a pioneering role in strategic decision-making.  
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Machine learning has become especially relevant in e-commerce and digital retail 

contexts, where large-scale customer feedback can be used to predict satisfaction 

levels and identify key drivers of customer experience. Zaghloul (2024) compared 

traditional and machine learning approaches for predicting e-commerce customer 

satisfaction and found that Random Forest achieved strong predictive performance, 

outperforming several alternative approaches. Similarly, Le (2024) proposed a two-

step predictive framework combining deep learning and traditional machine 

learning methods to analyze Vietnamese e-commerce reviews, showing the 

usefulness of hybrid models for satisfaction analytics. These studies confirm that 

machine learning methods are increasingly valuable for transforming customer 

feedback into predictive business intelligence.  

The growing adoption of machine learning methods in customer satisfaction 

research has enabled organizations to uncover complex patterns within customer 

reviews and related datasets, providing data-driven insights that strengthen 

decision-making processes. The strategic adoption of predictive modeling 

empowers retailers to unlock untapped profit potential, facilitating sustainable 

business growth and reinforcing competitive resilience amid the growing 

complexity and volatility of the retail industry [8].  

The use of synthetic data has also become increasingly relevant in machine learning 

research. Real customer data often contain sensitive personal information, which 

creates privacy, confidentiality, and accessibility challenges. Synthetic data provide 

an alternative by generating artificial datasets that preserve important statistical 

patterns without directly exposing real individuals. Rajotte et al. (2022) describe 

synthetic data generation as a process that captures patterns in real datasets through 

machine learning methods, while Sanchez-Serrano et al. (2025) emphasize the 

importance of balancing data utility and privacy protection in synthetic tabular data. 

Therefore, synthetic customer feedback datasets can be useful for testing predictive 

models when real customer-level data are unavailable or restricted. 

The literature also highlights the importance of rigorous model validation 

procedures. Contemporary customer analytics studies increasingly employ 

techniques such as train-test splitting, cross-validation, and multiple performance 

metrics to ensure the reliability and generalizability of predictive models. 

Evaluation measures such as RĮ, MAE, and RMSE are commonly used in 

regression-based studies to assess predictive accuracy and compare alternative 

algorithms. Such validation procedures are particularly important when machine 

learning models are applied to support business decisions [2].  

Overall, the existing literature suggests that customer satisfaction is influenced 

primarily by service quality and product quality, while demographic and behavioral 

factors tend to play a secondary role. Furthermore, machine learning methodsð

particularly ensemble learning algorithmsðhave demonstrated substantial potential 

for improving customer satisfaction prediction. Building on these developments, the 

present study applies both traditional statistical techniques and advanced machine 
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learning approaches to identify the key determinants of customer satisfaction and 

evaluate their predictive power using a large synthetic customer feedback dataset. 

3 Hypotheses 

Based on the theoretical foundations and empirical evidence reviewed above 

particularly the established roles of perceived service and product quality, and the 

secondary but non-negligible contribution of demographic and behavioral factors 

the following hypotheses are proposed for empirical testing: 

Hypothesis 1 (H1): Service quality exerts a positive influence on customer 

satisfaction. 

Hypothesis 2 (H2): Product quality is positively associated with levels of customer 

satisfaction. 

Hypothesis 3 (H3): Higher income levels are expected to positively affect overall 

satisfaction. 

Hypothesis 4 (H4): Purchase frequency serves as a positive predictor of customer 

satisfaction. 

Hypothesis 5 (H5): Customer age is significantly associated with customer 

satisfaction. 

These hypotheses are tested in the following sections using correlation analysis, 

Multiple Linear Regression, and Random Forest based feature importance and 

interpretability techniques. 

4 Methodology 

4.1 Data Source and Variables 

The dataset consists of 38,444 individual customer observations. Key variables 

analyzed include demographic traits (age, gender, country, income), behavioral 

patterns (purchase frequency), and perceptual measures (product and service 

quality), all of which are assessed in relation to the satisfaction score. Synthetic data 

were employed to overcome privacy and accessibility limitations associated with 

real customer information while preserving the statistical characteristics necessary 

for predictive analytics. 
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4.2 Analytical  Procedure 

The analytical framework was designed to provide both robust predictive 

performance and meaningful insights into the determinants of customer satisfaction. 

The analysis was conducted in several sequential stages. 

First, Exploratory Data Analysis (EDA) was performed to assess data quality, 

examine variable distributions, and identify potential anomalies. Descriptive 

statistics and visualization techniques were used to ensure the suitability of the 

dataset for subsequent analysis. 

Second, Pearson correlation analysis was employed to explore the relationships 

between the independent variables and customer satisfaction. This step provided an 

initial understanding of the strength and direction of associations among the 

variables. 

Third, Multiple Linear Regression (MLR) was utilized as a baseline statistical 

approach to test the proposed hypotheses and estimate the influence of explanatory 

variables on customer satisfaction. The model's explanatory power was evaluated 

using regression coefficients and the coefficient of determination (RĮ). 

To capture potential nonlinear relationships and improve predictive accuracy, a 

Random Forest regression model was subsequently developed. Random Forest was 

selected because of its ability to model complex interactions among variables while 

reducing the risk of overfitting. 

For model validation, the dataset was randomly divided into training (80%) and 

testing (20%) subsets. Predictive performance was assessed using the coefficient of 

determination (RĮ), Mean Absolute Error (MAE), and Root Mean Square Error 

(RMSE). In addition, a 5-fold cross-validation procedure was conducted to evaluate 

the stability and generalizability of the models across different data partitions. 

To enhance model interpretability, several complementary explainability 

techniques were applied. Random Forest Feature Importance (Mean Decrease in 

Impurity) was used to identify the most influential predictors, while Permutation 

Importance Analysis assessed the impact of each variable on model performance by 

measuring the decrease in predictive accuracy after random shuffling. Furthermore, 

SHAP (Shapley Additive Explanations) analysis was employed to quantify both the 

magnitude and direction of each variable's contribution to customer satisfaction 

predictions. 

Finally, Partial Dependence Plots (PDPs) were generated for the most influential 

predictors to visualize their marginal effects on customer satisfaction while holding 

all other variables constant. 

This multi-method analytical framework combines traditional statistical techniques 

with advanced machine learning and explainable artificial intelligence methods, 
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providing a comprehensive and reliable assessment of the factors influencing 

customer satisfaction. 

5 Findings and Discussion 

The statistical analysis of the synthetic customer data under study indicates 

significant relationships between customer satisfaction and diverse variables. The 

visual findings are interpreted as follows: 

 

Regression analysis 

The conducted multivariate linear regression and correlation analyses have enabled 

the identification of the key factors influencing customer satisfaction (Satisfaction 

Score). The coefficient of determination for the developed model is R2= 0.7001, 

indicating that approximately 70% of the variation in customer satisfaction is 

explained by the independent variables included in the model. 

The empirical findings provide strong support for the proposed hypotheses. 

Specifically, the high beta coefficients for Service Quality and Product Quality 

validate H1 and H2, establishing them as primary drivers of satisfaction. These 

findings align with A. Parasuramanôs service quality framework, further validating 

that customer experience is a critical determinant of overall satisfaction. The 

positive effect sizes for Income (H3) and Purchase Frequency (H4) further confirm 

that economic and behavioral factors significantly enhance satisfaction levels. 

Additionally, the significant effect size for Age (beta = 2.71) supports H5, 

confirming its role as a relevant demographic determinant in this context. 
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Correlation analysis 

Based on the inter-variable correlation matrix, it was determined that 'Product 

Quality' (0.55) and 'Service Quality' (0.55) have a moderate positive correlation 

with 'Satisfaction Score'. This confirms that product and service quality are key 

determinants of customer satisfaction. The correlation of 'Age' (0.16) and 'Income' 

(0.25) with satisfaction is relatively weak, while other variables (gender, loyalty, 

etc.) exhibit even lower predictive power." 

 

 

Income and Satisfaction Relationship 

Based on the scatter plot and correlation analysis, a weak yet positive trend is 

observed between Income and Satisfaction Score. The regression line indicates that 

as income levels rise, satisfaction increases marginally; however, the significant 

dispersion of data points suggests that this relationship is not particularly robust. 
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This pattern implies that satisfaction is influenced by various underlying factors 

beyond financial capacity alone. Ultimately, while income plays a role, the primary 

drivers of satisfaction remain Service Quality and Product Quality, which exhibit 

substantially higher effect sizes and correlations. 

Loyalty Level Analysis 

The "Loyalty Level Distribution" analysis reveals that satisfaction scores are 

distributed remarkably similarly across the Bronze, Gold, and Silver loyalty tiers. 

For all three categories, the median satisfaction values remain consistently high, 

converging around the 90+ range. However, the presence of outliers in the lower 

quartiles of the boxplot indicates that a specific subset of customers reports 

significantly lower satisfaction levels, regardless of their loyalty status. 

Distribution of Satisfaction Scores 

The histogram results indicate that satisfaction scores are primarily concentrated 

within the 80ï100 range. The distribution exhibits a right-concentrated (negatively 

skewed) structure, revealing an exceptionally high level of satisfaction within this 

synthetic dataset. This concentration suggests that the vast majority of customers 

are categorized as "highly satisfied," which poses a potential risk of model bias 

during the training phase. 

Furthermore, such a heavily skewed distribution serves as a precursor to class 

imbalance issues in future machine learning models. This lack of variance in the 

lower satisfaction ranges may limit the model's ability to accurately identify and 

learn the drivers of dissatisfaction, potentially overestimating the positive impact of 

features like Service Quality and Product Quality. 

Model Validation 

The dataset was divided into training and testing subsets using an 80/20 split. Linear 

Regression was used as a baseline model, while Random Forest was used as an 

ensemble learning method capable of capturing nonlinear patterns. Model 

performance was evaluated using RĮ, MAE, and RMSE. 

Model RĮ MAE  RMSE 

Linear Regression 0.697 7.38 9.22 

Random Forest 0.776 5.53 7.92 

Table 1. 

Hold-out model performance comparison 

The hold-out results show that Random Forest achieved RĮ=0.776, MAE=5.53, and 

RMSE=7.92. Compared with Linear Regression, which achieved RĮ=0.697, the 

Random Forest model demonstrated stronger predictive performance. 
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Model Mean RĮ SD RĮ Mean 

MAE  

SD 

MAE  

Mean 

RMSE 

SD 

RMSE 

Linear 

Regression 

0.700 0.002 7.40 0.03 9.26 0.03 

Random 

Forest 

0.781 0.002 5.51 0.03 7.91 0.04 

Table 2. 

Five-fold cross-validation performance 

The 5-fold cross-validation results further confirm model stability. Random Forest 

achieved a mean cross-validated RĮ of 0.781 (SD=0.002), while Linear Regression 

achieved a mean RĮ of 0.700. The low standard deviations indicate that the results 

are consistent across folds and are not dependent on a single random split. 
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Random Forest Feature Ķmportance 

Impurity-based Random Forest feature importance was calculated to identify the 

variables that most strongly contributed to predictive performance. ProductQuality 

and ServiceQuality were the dominant predictors, followed by Income, Age, and 

PurchaseFrequency. 

Rank Variable Importance 

1 ProductQuality 0.385 

2 ServiceQuality 0.380 

3 Income 0.115 

4 Age 0.059 

5 PurchaseFrequency 0.035 

6 Country 0.009 

7 LoyaltyLevel 0.007 

8 FeedbackScore 0.007 

9 Gender 0.003 

Table 3. 

Random Forest impurity-based feature importance 
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Permutation importance  

Permutation importance was also applied because it evaluates the decrease in model 

performance after randomly shuffling each predictor. This method provides a more 

validation-oriented interpretation than impurity-based importance. 
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Rank Variable Mean decrease in RĮ SD 

1 ServiceQuality 0.755 0.022 

2 ProductQuality 0.731 0.027 

3 Income 0.158 0.005 

4 Age 0.071 0.004 

5 PurchaseFrequency 0.025 0.002 

6 FeedbackScore 0.001 0.000 

7 LoyaltyLevel 0.000 0.000 

8 Country -0.000 0.000 

9 Gender -0.000 0.000 

Table 4. 

Random Forest permutation importance 

SHAP Interpretability analysis  

SHAP analysis was conducted to improve the interpretability of the Random Forest 

model. Unlike standard feature importance, SHAP values show both the magnitude 

and direction of each predictor's contribution to the predicted satisfaction score. The 

SHAP summary plot indicates that higher ServiceQuality and ProductQuality 

values increase predicted customer satisfaction, whereas lower values decrease the 

model output. 
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Rank Variable Mean |SHAP| 

1 ServiceQuality 7.968 

2 ProductQuality 7.929 

3 Income 3.592 

4 Age 2.310 

5 PurchaseFrequency 1.445 

6 Country 0.151 

7 LoyaltyLevel 0.114 

8 FeedbackScore 0.110 

9 Gender 0.053 

Table 5 

Aggregated mean absolute SHAP values 

Partial Dependence Interpretation 

Partial dependence plots were produced for the two most influential predictors. The 

plots show a clear positive relationship: as ProductQuality and ServiceQuality 

increase, the predicted satisfaction score also increases. This finding supports the 

hypotheses that product and service quality are the main drivers of customer 

satisfaction. 
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The results demonstrate that Random Forest outperformed Linear Regression. In 

the hold-out validation, Linear Regression achieved RĮ=0.697, MAE=7.38, and 

RMSE=9.22. In contrast, Random Forest achieved RĮ=0.776, MAE=5.53, and 

RMSE=7.92. These results suggest that customer satisfaction is influenced by 

nonlinear patterns that are more effectively captured by ensemble learning methods. 

The 5-fold cross-validation results further support this conclusion. Random Forest 

obtained a mean cross-validated RĮ of 0.781, compared with 0.700 for Linear 

Regression. The relatively small standard deviations across folds indicate that the 

predictive results are stable and generalizable within the synthetic dataset. 

The interpretability analysis confirms the dominant role of service and product 

quality. Both impurity-based feature importance and permutation importance 
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identify ServiceQuality and ProductQuality as the strongest predictors. SHAP 

analysis provides additional evidence by demonstrating that higher values of these 

variables increase predicted satisfaction scores. Income, Age, and 

PurchaseFrequency contribute to the model, but their effects are considerably 

weaker. Overall, the results confirm that customer satisfaction is primarily shaped 

by perceived product and service quality, while demographic and behavioral factors 

play a secondary role. 

 

Conclusion 

This study demonstrates the effectiveness of machine learning techniques in 

predicting customer satisfaction using a synthetic customer feedback dataset 

comprising 38,444 observations. The findings consistently identify Service Quality 

and Product Quality as the strongest determinants of customer satisfaction, while 

Income exhibits a moderate effect and demographic variables contribute relatively 

less. 

In addition to Multiple Linear Regression, a Random Forest model was employed 

to improve predictive performance. The results indicate that Random Forest 

outperformed the baseline regression model, achieving an RĮ value of 0.776 on the 

hold-out test set and a mean cross-validated RĮ of 0.781. Furthermore, Feature 

Importance, Permutation Importance, and SHAP analyses consistently confirmed 

the dominant role of Service Quality and Product Quality in shaping customer 

satisfaction. 

From a managerial perspective, the findings suggest that organizations should 

prioritize service quality improvement, product quality enhancement, and customer 

experience management to increase customer satisfaction. Although the study is 

based on synthetic data, it demonstrates the practical value of machine learning and 

explainable artificial intelligence for customer analytics. Future research may 

validate the proposed framework using real customer data and additional machine 

learning algorithms.  

The findings provide valuable insights for both researchers and practitioners and 

highlight the potential of combining machine learning and explainable AI 

techniques for customer satisfaction analytics. 
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Abstract: The aim of this study is to establish an integrated competency assessment 

framework capable of addressing the complex and rapidly changing demands of the 21st-

century labor market. The research is based on the recognition that the traditional, rigid 

distinction between hard and soft competencies does not adequately reflect the adaptive 

performance observed in real-world work situations. Using AI-supported qualitative 

synthesis, the study integrates several key theoretical and empirical models, including 

approaches to adaptive performance, the taxonomy of soft skills, metacognitive training, and 

component-based skill frameworks. The result is a multi-level, layered competency model 

that describes the functioning of skills from foundational hard competencies through simple 

and complex soft skills to the metacognitive regulation level. The novelty of the model lies in 

its resolution of the hardïsoft dichotomy and its interpretation of competencies as dynamic, 

context-dependent systems, thereby establishing a more flexible and theoretically coherent 

measurement framework. 

Keywords: competency assessment, soft skills, adaptive performance, metacognition, 

integrated competency model 

1 Introduction  

M®sz§ros & Csisz§rik-Kocsir point out [1] that objectively measuring soft skills is 

still difficult at present because their boundaries are blurred. 

In my previous research, I examined labor market competency expectations for the 

period between 2000 and 2025, with a particular focus on the challenges of 

classifying skill expectations. Distinguishing simple (basic) from complex (higher-

order) competencies is often problematic, not only because of their complexity but 

also due to the lack of a framework to facilitate their measurement. Based on an 

analysis of a corpus of 42 sources, I demonstrated that competencies are not isolated 

mailto:pataki.juhasz.attila@uni-obuda.hu
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skills, but rather multi-component systems built upon one another. Simple 

competencies represent well-defined, independently developable elements, while 

the development of complex competencies requires the integrated application of 

multiple basic competencies in a highly context-dependent manner. The results 

indicate that labor market expectations do not replace these types of competencies 

by time, but rather layer them, which calls into question the applicability of rigid, 

hierarchical competency typologies [2]. 

In the modern labor market, performance and adaptability are not determined solely 

by formal knowledge and traditional cognitive abilities. Examining the 

phenomenon from an economic perspective, Deming and Silliman argue [3] that 

human capital is a multidimensional construct in which higher-order skillsðsuch 

as decision-making, collaboration, and adaptabilityðplay an increasingly 

significant role in employeesô task selection and productivity, thus rendering the 

interpretation of the workforce as merely a ñfactor of productionò an outdated 

approach. This perspective is supported by the empirical work of Colledani et al. 

[4], which offers a reliable measurement tool (MSSAT ï Multiple Soft Skills 

Assessment Tool) for assessing key soft skills (interpersonal skills, communication, 

decision-making, integrity) in an organizational context, confirms their positive 

relationship with performance and well-being, and highlights that these skills are 

interconnected. Rahnevôs methodological review [5], meanwhile, points out that 

metacognitionðas the foundation of self-regulated thinking and decision-

makingðis a measurable yet context-sensitive construct that plays a key role in 

learning, sound decision-making, and adaptive functioning. One of the authorôs 

main conclusions is that there is no perfect measure of metacognition; every 

measurement involves compromises. However, in the long term, process-model-

based approaches represent the most promising direction for understanding and 

measuring how metacognition works. 

These studies together confirm that understanding adaptive performance requires 

integrated theoretical and measurement models grounded in metacognition and 

higher-order skills [3] [4] [5]. 

2 Literature review 

The study by Pulakos et al. [6] is based on the observation that, in a rapidly changing 

organizational environment, workplace performance cannot be explained solely by 

traditional task- and context-based dimensions. According to the authors, the 

modern organizational environment is characterized by rapid technological 

changes, internal transformations, globalization, and increasing uncertainty, which 

require employees not only to possess a high level of professional knowledge but 

also to demonstrate continuous adaptability. Nevertheless, traditional performance 

modelsðwhich primarily focus on task and contextual performanceðdo not 
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provide a satisfactory framework for describing the phenomenon of adaptation. 

Thus, the goal was to develop an independent, empirically grounded adaptive 

performance model. In their two-stage study, they first identified work situations 

requiring adaptation, and then developed a multidimensional, adaptive performance 

taxonomy based on the situations mentioned. The final model defines eight 

performance dimensions, which are as follows: managing emergencies and crises; 

managing workplace stress; creative problem-solving; managing uncertain and 

unpredictable situations; mastering new tasks, technologies, and procedures; 

interpersonal adaptation; cultural adaptation; and adaptation to the physical 

environment. The authors emphasize that these dimensions are emphasized to 

varying degrees in different job roles. In the second study, following a large-scale 

data collection, the Job Adaptability Inventory was developed, which measures the 

eight adaptive performance dimensions through 68 behavioral items and confirmed 

the validity of the modelôs basic structure. The questionnaire does not measure 

individual abilities but rather assesses the extent to which a given job requires 

adaptive behavior. The results show that adaptive performance consists of several 

distinct behavioral patterns, though their weight varies by job; at the same time, the 

dimensions of adaptive performance can be measured in a stable and consistent 

manner. The study provides a fundamental theoretical and practical framework for 

measuring, selecting, and developing adaptability [6]. 

Joie-La Marle et al. examine [7] the various taxonomies of soft skills within the 

framework of a systematic literature review and organize them into a unified 

conceptual framework. Based on 237 publications, the authors identify 92 genuine 

soft skills, emphasizing their transversal, non-technical, and performance-related 

nature. By definition, these skills can be learned and developed, are directly linked 

to performance, are not tied to specific technologies, and can be applied in a variety 

of work environments. One of the central findings of the article is that soft skills 

align closely with the dimensions of Pulakos et al.ôs adaptive performance model 

[6]. Skills such as problem-solving, adaptability, emotional regulation, creativity, 

and interpersonal sensitivity all play a key role in successfully adapting to an 

uncertain, rapidly changing work environment. The authors point out that soft skills 

often develop implicitly through experience, which makes measuring them 

challenging, yet underscores their central role in adaptive performance. For this 

reason, one key to developing soft skills is making them explicitly conscious, for 

example through metacognitive training. This study confirms and expands upon the 

model proposed by Pulakos et al. and provides practical guidance for the 

development of adaptive work performance [6] [7]. 

Joie-La Marle et al. examine [8] the impact of a new training program aimed at 

developing soft skills based on metacognition among employees. The main novelty 

of the study is that the authors focus not on the soft skills themselves, but on the 

development of metacognitive knowledge about them. Following Flavellôs (1979, 

cited in [8]) classic definition, they interpret metacognition as ñthinking about 

thinkingò and distinguish three levels of knowledge within it (declarative, 
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procedural, and conditional). The authors start from the premise that a significant 

portion of soft skills develop implicitly through experience, so raising employeesô 

awareness of these skills can be highly beneficial. Following their surveys, they 

demonstrated using an empirical, quasi-experimental method that a brief, structured 

intervention significantly increases participantsô metacognitive knowledge 

regarding soft skills, which in part leads to an increase in generalized self-efficacy. 

The increase in self-efficacy plays a mediating role in the improvement of adaptive 

performance, particularly in the areas of creative problem-solving, reactivity (rapid 

adaptation), learning and development efforts, and interpersonal adaptability. The 

results suggest that raising awareness of soft skills itself can be an effective and 

cost-efficient way to improve workplace performance and adaptability, as increased 

awareness boosts self-efficacy, which in turn improves adaptive performance [8]. 

Jain, Bajaj, and Singh conduct [9] an integrative literature review examining the 

role of metacognition in the development of cognitive competencies and 

performance in the workplace. Based on Brownôs two-factor model, the authors 

argue that metacognition acts as a key mechanism supporting adaptive work 

performance in areas such as learning, problem-solving, decision-making, 

innovation and creativity, as well as individual and organizational performance. 

Empirical findings confirm that the role of metacognition is far more significant 

than previously thought by experts; thus, as an independent construct of strategic 

importance, it can contribute to the success of employees and organizations in 

rapidly changing, uncertain work environments [9]. 

The Generic Skills Component Approach developed by Lamri and Lubart aims [10] 

to place the interpretation of hard and soft skills on a unified theoretical foundation. 

According to the authorsô basic premise, there is no fundamental, qualitative 

difference between the two types of skills: every competency has been built from 

the same basic components; it is only their weighting and form of manifestation that 

may differ depending on the given context. Hard skills are objective, easily 

measurable abilities, while soft skills are non-technical and interpersonal in nature, 

and often develop through experience; however, both are complementary elements 

of successful performance. Recognizing the overlaps and interdependencies 

between these two types of skills contributes to the development of a more 

integrated skill set, particularly in the areas of strategic thinking and decision-

making. The authors emphasize that identifying the common components of skills 

facilitates the effective development of individuals and lays the groundwork for the 

development of a more unified theoretical framework [10]. 
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Figure 1 

A framework illustrating the components of general skills 

Source: Lamri & Lubart, 2023 

The model distinguishes five interrelated components. Knowledge encompasses 

external, declarative knowledge and internal, experiential knowledge. Active 

cognition refers to the interpretation and processing of situations and information, 

as well as decision-making. Conation describes individual motivations, goal 

orientation, and volitional action. The effective component encompasses the 

management of emotions, empathy, and the maintenance of social relationships. 

Finally, sensory-motor abilities represent physical, sensory, and motor elements. 

One of the frameworkôs most significant contributions is that it interprets different 

competencies not as separate entities, but as dynamic, context-dependent patterns. 

This enables comparable description, development, and examination of skill 

transfer in both education and the workplace [10]. 

The pentagonal framework presented in the article provides a common 

ñmeasurement frameworkò for all skills. Each of the five dimensions mentioned 

above is assessed on a five-point scale. Among the examples presented, verbal 

communication received high scores across nearly all elements: it requires not only 

knowledge and thinking but also empathy and a willingness to act. In Python 

programming, knowledge and active thinking dominate, while the emotional and 

physical aspects are pushed into the background. Logical analysis, meanwhile, is 

highly cognitive, with few emotional and sensorimotor components. This suggests 

that hard and soft skills are not so sharply distinguished but rather represent different 

combinations of the same components [10]. 

The model therefore does not strive excessively to separate the two sets of 

competencies; moreover, the authorsô basic premise is that both types of 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=10299366_jintelligence-11-00107-g001.jpg


 288 

competencies contain elements from the other set, which the model effectively 

demonstrates. 

3 Method 

The research methodology was based on an AI-supported, qualitative comparative 

synthesis aimed at integrating three key theoretical and empirical frameworks. The 

analysis was based, on the one hand, on a systematic review exploring the taxonomy 

of soft skills, and on the other hand, on empirical research examining the impact of 

metacognitive training, as well as a common component-based model of hard and 

soft skills. The goal was to create a common, transparent, and applicable structure 

from the above elements. On the other hand, I tried to explore how Lamri & Lubartôs 

framework [10] could be applied in practice. 

At first, I used AI to structure the competency concepts, definitions, and dimensions 

extracted from the selected studies. It is important to note that not only the analysis 

was performed by artificial intelligence, but the specific coding method was also 

selected by the AI based on the available information and patterns. Subsequently, 

the AI applied thematic clustering and relational analysis to explore how the various 

approaches relate to one another in terms of the ontology, components, and 

functioning of skills. Particular attention was paid to the mapping between 

taxonomic elements and adaptive performance dimensions. 

During the analysis, the framework of generic skill components played an 

integrative role, enabling the resolution of the hardïsoft dichotomy and a dynamic, 

context-dependent interpretation of skills. Parallelly, metacognition appeared in one 

case as a regulatory mechanism, serving as a dimension that unifies the entire 

competency framework, while in the other case it constituted a new, i.e., sixth 

dimension of the five-dimensional framework.  

The method was supplemented with findings from our own research, which 

emphasized the distinction between simple and complex competencies. As a result 

of the model synthesis, a multi-level, hierarchical, yet multidimensional model was 

developed that captures the layered and adaptive nature of competencies. This 

approach allows us to interpret competencies not as isolated elements, but as a 

system of interrelated components. 

3.1 Methodological considerations and limitations 

A methodological limitation is that while the incorporation of artificial intelligence 

is an innovative endeavor, in its current form its explanatory power exceeds its 

reproducibility; thus, the following issues may arise regarding the decision points 

of AI-based coding. 
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¶ Selection of coding strategy: the method chosen by the AI itself (e.g., 

thematic clustering or category-based coding). 

¶ Development of categories: what competency dimensions are created, 

what is considered a separate unit? 

¶ Level of abstraction: to what extent does it aggregate concepts (e.g., 

ñsimpleò vs. ñcomplexò skills)? 

¶ Defining relationships: how does it organize the models in relation to one 

another (hierarchy vs. network)? 

¶ Positioning of metacognition: does the AI treat it as a dimension or as a 

regulatory level? 

Possible biases may arise whether the perspective of the included studies dominates 

the results, overgeneralization of pattern recognition, loss of context, simplification 

of complex phenomena into categories (reductionism), the ñtranslationò of 

meanings into AIôs own linguistic patterns (interpretation bias), as well as 

uncertainty regarding reproducibilityðthat is, the fact that the same input may not 

necessarily produce the same output. 

In terms of the role of human validation, I found it important to review the various 

categories (assessing content validity), ensuring theoretical alignment (content 

consistency with literature), the need for correction and fine-tuning (correcting 

erroneous combinations and misinterpretations), and increasing transparency by 

documenting the decision-making logic. 

4 Results 

Based on the results, Figure 2 illustrates an integrated, multi-level competency 

model that presents both the various conceptual definitions and the functioning of 

soft skills. At the lower level of the model are hard competencies, which are based 

on stable knowledge and low context dependence and provide the foundation for 

task execution. Simple soft skills are built upon this level; which correspond to the 

elements of the taxonomy identified by Joie-La Marle et al. [7] and consist of well-

defined behaviors that often operate implicitly. At the next level, complex, adaptive 

soft skills emerge, which require the integration of multiple core competencies, in 

line with the dimensions of adaptive performance. The top layer of the model is the 

metacognitive level, which ensures the awareness, regulation, and context-

appropriate application of skills, and is consistent with the empirical results of 

metacognitive training [8]. 
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Figure 2. 

A hierarchical, layered synthesis of competencies 

Source: Created by the author using Napkin AI 

The figure emphasizes that the levels are not separate but build upon one another 

and function synergistically. Effective performance does not stem from a single 

skill, but from the dynamic interaction of its components, which supports the 

dissolution of the hardïsoft dichotomy and the layered, adaptive nature of both 

simple and complex competencies [10] [2]. This framework also interprets the 92-

item taxonomy list as a set of skills operating with varying component ratios [7]. 

The key role of the metacognitive level lies in making implicit processes explicit, 

thereby increasing self-efficacy and supporting adaptability, particularly in 

changing workplace environments, which can be a key to organizational success. 

This reinforces the modelôs practical relevance [7] [8]. 

Figure 3 illustrates a structured separation of competencies that justifies the separate 

treatment of hard and soft competencies. The theoretical basis for the figure is the 

recognition that soft competencies are much more closely linked to the dimensions 

of Pulakosôs adaptive performance model, while hard competencies are primarily 

tied to stable, well-defined elements of knowledge. The introduction of the 

metacognitive level plays a key role in this distinction, as it allows us to examine 

the extent to which employees are aware of the method of functioning their own 

competencies. While this awareness is typically high and explicit in the case of hard 

competencies (essentially assuming a high level of metacognition), soft 
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competencies often operate implicitly and only become graspable and measurable 

in terms of adaptive performance through metacognitive awareness. 

 

 

Figure 3. 

A framework illustrating the components of general skills 

Source: Edited by the author adapted from Lamri & Lubart (2023) 

The figures presented in this article visually structure the interrelationships and 

operational characteristics among the different types of competencies, thereby 

facilitating their recognition. Layered and dimensional approaches facilitate the 

distinction between hard and soft competencies not only in terms of content but also 

in terms of functioning and awareness. As a result, the diagrams contribute to the 

development of a coherent, theoretically grounded competency classification 

system that provides a meaningful framework for both assessment and 

development. 

 

Conclusions 

Based on the research findings, an integrated, multi-level competency model 

emerges that is capable of linking taxonomic, component-based, and function-

centered approaches to soft skills. One of the modelôs main outcomes is that it can 

resolve the rigid dichotomy between hard and soft competencies and interprets skills 

as dynamic, context-dependent, interdependent systems. The metacognitive level 
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plays a key role, as it supports adaptive performance and increased self-efficacy by 

raising awareness of implicit processes. 

The results also indicate that competencies are not mutually exclusive but rather 

context-dependent elements that build upon one another (hard: to a lesser extent, 

soft: to a greater extent), contributing to effective work performance through 

synergistic interaction. This approach can lay a new foundation for competency 

development and assessment. 

The above conclusions are further reinforced by the fact that the diagrams 

associated with the model present the functioning of competencies not as static 

categories, but as tools for interpretation and measurement. In the process of 

identifying competencies, combining different models can help to distinguish 

stable, consciously possessed "hard" elements from the "soft" components that are 

critical for adaptive performance and are often implicit. This visual and conceptual 

clarification not only supports theoretical systematization but also facilitates, at the 

practical level, the planning of competency development interventions, the fine-

tuning of assessment tools, and a more precise description of job-related and higher 

education outcome expectations. 

The presented multi-level model may serve as a starting point for a measurement 

framework, can be adapted to competency-based assessment systems and provides 

a solid foundation for empirical scaling. However, in its current form, it still requires 

further empirical validation and refinement. The goal of future research is to 

develop the framework into a measurement model that provides reliable, valid, and 

practically applicable results in the assessment of competencies. 
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Abstract. The rapid integration of artificial intelligence (AI) into higher education has 

generated both enthusiasm for innovation and concern regarding stress, institutional 

pressure, and professional uncertainty. While research has primarily focused on student use 
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1 Introduction  

Artificial intelligence (AI), particularly generative AI systems, has rapidly entered 

higher education, transforming teaching, assessment, research practices, and 

academic communication. Faculty members are increasingly required to redesign 

assessment strategies, address academic integrity challenges, and integrate AI tools 

into their workflows. [4] While AI promises efficiency gains and pedagogical 

innovation, it also introduces uncertainty, stress, and shifting professional 

expectations. 

Existing scholarship emphasizes that AI in higher education is not merely an 

efficiency-enhancing technology but a structural innovation that challenges 

epistemic authority and professional roles. [5] Faculty must navigate concerns 

related to academic misconduct, cognitive offloading, and evolving ethical norms. 

For instance, AI-related academic integrity issues have been identified as a growing 

source of stress for educators. [7] Such concerns are explicitly reflected in survey 

items such as ñAI-related academic integrity issues increase my stress levelsò. 

Despite increasing debate about AI in higher education, research has largely focused 

on student behavior and regulatory frameworks. [1, 13] The well-being of academic 

staff during AI integration remains comparatively underexplored. This conference 

paper presents the conceptual model and research design of an ongoing institutional 

study addressing this gap. 

The primary aim of the project is to examine how AI-related empowerment, AI-

related anxiety, and perceived institutional support relate to general well-being 

among academic staff. [14] While data collection is ongoing, this paper outlines the 

theoretical framework, measurement structure, and selected descriptive 

observations. 

2 Theoretical Framework 

2.1 AI as Job Resource and Job Demand 

The study is grounded in the Job Demands-Resources (JD R) model, which posits 

that occupational well-being is shaped by the balance between job demands (aspects 

of work requiring sustained effort) and job resources (aspects supporting 

motivation, engagement, and growth). [2] 

Within this framework, AI integration can function both as a resource and as a 

demand. 
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AI as a Job Resource. AI may enhance professional functioning by increasing 

efficiency, creativity, and perceived competence. This dimension is captured 

through items such as: 

¶ ñI enjoy AI support in my work.ò 

¶ ñThere are parts of my job that AI does particularly well.ò 

¶ ñAI tools reduce the time I spend on teaching preparation.ò 

¶ ñI feel confident in my ability to use AI tools in my teaching practice.ò 

¶ ñI believe AI can enhance creativity and innovation in engineering 

education.ò 

¶ ñMy overall job satisfaction has improved due to the availability of AI 

tools.ò 

These statements operationalize the construct of AI Empowerment, reflecting 

perceived benefit and professional enhancement. 

AI as a Job Demand. At the same time, AI may introduce stress, uncertainty, and 

role-related concerns. This dimension is operationalized through items such as: 

¶ ñWhen I think about AI, I feel incompetent in my work.ò 

¶ ñI am afraid that AI could take over my job.ò 

¶ ñAI-related academic integrity issues increase my stress levels.ò 

¶ ñI feel pressure from my institution to incorporate AI into my courses.ò 

¶ ñI am concerned that AI may negatively affect students' learning depth.ò 

¶ ñI worry that AI may eventually reduce the need for university lecturers in 

engineering.ò 

These items form the construct of AI Anxiety , capturing perceived threat and 

psychological strain. [6] 

Recent literature highlights that regulatory uncertainty and ambiguity surrounding 

AI use may amplify stress and reduce well-being. Clear and transparent regulation 

is therefore frequently emphasized as essential in managing AI-related 

transformation. [11] 

2.2 Institutional Support as Contextual Resource 

Beyond individual AI perceptions, institutional context plays a central role. The 

study conceptualizes Institutional Support as a contextual resource, operationalized 

through items such as: 

¶ ñClear institutional AI policies reduce my uncertainty and improve my 

psychological comfort.ò 

¶ ñI feel adequately supported by my institution in learning how to use AI 

tools.ò 
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Institutional clarity and support may shape how AI-related changes are experienced 

and interpreted, potentially influencing both empowerment and anxiety perceptions. 

2.3 Conceptualization of Well-Being 

To move beyond narrow job satisfaction measures, the study assesses general well-

being through global self-report items: 

¶ ñHow would you rate your current general well-being?ò 

¶ ñHow would you rate your current mental health?ò 

¶ ñThe availability of AI has a positive impact on my overall well-beingò. 

This broader well-being perspective enables examination of psychological 

functioning beyond task-specific attitudes. Overall, this framework allows 

examination of whether AI integration operates primarily through demand-related 

strain, resource-related motivation, or contextual institutional factors. 

3 Research Design 

3.1 Objectives 

To structure the empirical investigation, the following research questions guide the 

study: 

RQ1: How are AI-related benefit perceptions (AI Empowerment) and threat per-

ceptions (AI Anxiety) distributed among academic staff? 

RQ2: How are AI Empowerment, AI Anxiety, and Institutional Support associat-ed 

with general well-being? 

RQ3: To what extent do AI-related perceptions and institutional context jointly 

shape psychological adaptation to AI integration? 

These research questions clarify the analytical direction without disclosing 

inferential outcomes. 

3.2 Participants and Procedure 

Participants were academic staff members at čbuda University, including lectur-

ers, researchers, and doctoral candidates. The current sample comprises N = 66 

respondents. The mean academic experience is approximately 14 years. Of the 
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respondents, 47% identified primarily as lecturers, 13% as researchers, and 39% 

reported engaging in both teaching and research activities. 

Data were collected via an anonymous online questionnaire distributed through 

institutional channels. Participation was voluntary. The survey included closed-

ended Likert-scale items and a limited number of open-ended questions regarding 

AI use. Data collection is ongoing to increase statistical power for subsequent 

inferential analyses. 

3.3 Measurement Structure 

All Likert-scale items are measured on a four-point scale unless otherwise indi-

cated. Composite indices for AI Empowerment, AI Anxiety, and Institutional 

Support are calculated by averaging relevant items. 

AI Use and Attitudes. Measured using frequency indicators (e.g., frequency of AI 

use in everyday life and teaching) and evaluative items assessing general atti-tudes 

and concerns regarding AI. 

AI Empowerment. Measured using items such as ñI enjoy AI support in my workò 

and ñAI tools reduce the time I spend on teaching preparationò. 

AI Anxiety. Measured using items such as ñAI-related academic integrity issues 

increase my stress levelsò and ñI feel pressure from my institution to incorpo-rate 

AI into my coursesò. 

Institutional Support. Measured using items such as ñClear institutional AI policies 

reduce my uncertainty and improve my psychological comfortò and ñI feel 

adequately supported by my institution in learning how to use AI toolsò. 

General Well Being. Assessed through global self-report items consistent with the 

WHO 5 conceptualization of mental well-being. 

Reliability analyses indicate acceptable internal consistency for the multi-item 

scales (details available upon request). The descriptive structure supports the 

conceptual distinction between empowerment and anxiety dimensions. 

3.4 Planned Analyses 

Preliminary analyses focus on descriptive statistics and bivariate associations. 

Subsequent analyses will examine structural relationships among job demands, job 

resources, contextual support, and well-being using regression-based and structural 

modeling approaches. 
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4 Preliminary Descriptive Observations 

Descriptive statistics indicate substantial variability in both AI exposure and 

evaluative attitudes. AI use in general and AI use in teaching are strongly related, 

suggesting behavioral consistency in technology integration. General attitudes 

toward AI are moderately associated with exposure, and concern about AI tends to 

decrease as exposure and positive attitudes increase. These patterns suggest that AI 

engagement and evaluation form a coherent but not uniform cluster. 

Descriptive analyses reveal that: 

¶ AI Empowerment and AI Anxiety are moderately negatively associated, 

indi-cating conceptual distinction rather than simple polarity. 

¶ Institutional Support shows positive associations with both AI 

Empowerment and general well-being. 

¶ AI Anxiety shows a modest negative association with well-being. 

These patterns support the multidimensional conceptualization of AI experiences. 

Faculty may simultaneously perceive AI as enhancing aspects of their work (e.g., 

efficiency or creativity) and experience institutional or integrity-related pressures. 

Importantly, preliminary descriptive associations suggest that institutional con-text 

plays a meaningful role in shaping psychological outcomes, consistent with the JD-

R framework. However, detailed inferential modeling is ongoing and will be 

presented in a subsequent publication 

5 Contribution  and Future Directions 

This study contributes to the literature by integrating AI-related benefit percep-

tions, threat perceptions, and institutional context within a unified JD-R frame-

work. By grounding well-being in a broader mental health perspective, the study 

moves beyond narrow job satisfaction measures and situates AI integration within 

a socially embedded organizational transformation. 

Future analyses will further examine the structural relationships among AI-related 

demands, resources, and contextual support. These results will be re-ported in a 

forthcoming full empirical article. 

 

Conclusion 

AI integration in higher education represents not only technological development 

but also an organizational and psychological transition. Preliminary descriptive 

observations from this ongoing study highlight the multidimensional nature of 

faculty experiences, encompassing empowerment, anxiety, and perceptions of 
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institutional context. Understanding academic well-being during this 

transformation requires attention to the interplay among these dimensions. 

Continued empirical investigation will further clarify how AI-related perceptions 

and organizational factors shape well-being in higher education. 
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Abstract: This study examines how Hungarian households experienced and adjusted to three 

major crises: the 2008 financial crisis, the COVID-19 pandemic, and the 2022 energy crisis. 

The analysis is based on an anonymous online survey of 220 respondents, focusing on 

perceived crisis impact, consumption changes, financial awareness, and demographic 

background. Descriptive statistics were calculated in IBM SPSS Statistics 33, including 

frequencies, percentages, means, and standard deviations. The findings show that the 

COVID-19 pandemic and the 2022 energy crisis were evaluated as similarly severe, although 

they affected households in different ways. COVID-19 was mainly connected to uncertainty 

and disruptions in daily routines, whereas the energy crisis was associated with higher 

household expenses and more cautious financial behavior. The 2008 crisis had a weaker 

reported effect, largely because many respondents were not yet financially independent at 

that time. Overall, the results indicate that household reactions to crises depend not only on 

the scale of external shocks but also on age, personal exposure, and previous crisis 

experience. The paper contributes to research on household-level crisis adaptation in 

Hungary and underlines the role of financial awareness and resilience during repeated 

periods of uncertainty. 

Keywords: household resilience, crisis response, financial awareness, consumption change, 

COVID-19, energy crisis, financial crisis, Hungary 

1 Introduction and Literature Background  

The early decades of the twenty-first century have made it clear that crises are not 

isolated interruptions, but recurring forces that shape both economic systems and 

everyday household behavior. Financial shocks, health emergencies, inflation, and 
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energy insecurity influence families not only through national economic indicators, 

but also through practical decisions about spending, saving, borrowing, and 

financial preparedness. Since households are the level where the social effects of 

crises become most directly observable, their experiences offer useful insight into 

vulnerability, adaptation, and resilience. 

Hungary provides an appropriate setting for analyzing household reactions to 

repeated crises, as the population has faced several major disruptions within a 

relatively short time. The 2008 global financial crisis affected households mainly 

through debt exposure, credit restrictions, exchange-rate risks, and financial 

uncertainty. The COVID-19 pandemic created a different form of pressure, 

combining health risks, employment instability, mobility restrictions, and changes 

in work, education, and consumption routines. The 2022 energy crisis, strengthened 

by geopolitical conflict and inflation, placed household utility costs, food prices, 

and general living expenses at the center of everyday financial decision-making. 

Although these crises had different origins, all of them required households to adjust 

their behavior under uncertain conditions. 

In the economic and statistical literature, crises are commonly interpreted as 

complex periods of disruption in which instability and structural weaknesses 

become visible, rather than as simple short-term downturns [1]. This approach is 

especially relevant for household-level research, because macroeconomic shocks 

are experienced by individuals through income, employment, consumption, debt, 

savings, and perceived financial security. Crisis-management research similarly 

emphasizes uncertainty and the need for rapid adaptation. Boin et al. describe crises 

as situations that threaten the core functions and values of social systems and require 

coordinated responses from both institutions and affected actors [2]. Csaba also 

argues that crises should not be viewed as rare deviations from normal economic 

development, but as recurring features of modern capitalism [3]. This perspective 

is important in the Hungarian context, where households have encountered 

financial, health-related, and energy-related shocks in close succession. 

The transmission mechanisms of crises differ considerably. Financial crises 

typically reach households through credit markets, asset values, indebtedness, and 

confidence. In Hungary, this was particularly visible during the 2008 crisis, as many 

households had already been financially exposed before the shock, partly due to 

foreign-currency lending and loan-related vulnerability [4]. For indebted 

households, repayment burdens and uncertainty increased sharply, making the crisis 

strongly connected to financial dependence and debt risk. 

By contrast, the COVID-19 pandemic affected households through a broader 

combination of health, labor-market, social, and lifestyle disruptions. Baldwin and 

Weder di Mauro emphasize that the pandemic required fast economic intervention 

because it simultaneously affected supply, demand, and expectations [5]. At the 

household level, this meant that COVID-19 was experienced not only as a health 
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crisis, but also as a source of employment insecurity, restricted mobility, changed 

consumption habits, and psychological uncertainty. 

The 2022 energy crisis created another form of household pressure. K§poszta et al. 

describe recent twenty-first-century crises as complex events with broad economic 

consequences, including inflation and declining purchasing power [6]. Rising 

energy costs, food prices, and general inflation directly influenced household 

budgets and everyday consumption. Unlike the 2008 crisis, this shock was less 

dependent on individual indebtedness, and unlike the COVID-19 pandemic, its 

main effect was transmitted through prices and recurring household expenses rather 

than health risks or restrictions. 

Household adaptation can also be understood through consumption smoothing and 

financial decision-making. Deatonôs work on household surveys shows that 

households react to income volatility and shocks by modifying consumption, 

savings, and financial behavior [7]. During crises, such adaptation may involve 

reducing discretionary spending, postponing purchases, increasing caution, or 

paying more attention to reserves. These responses are not only economic. Kopp 

and Skrabski highlight that financial insecurity and economic uncertainty may also 

harm psychological well-being, which means that household crisis reactions should 

be interpreted as both financial and psychosocial processes [8]. 

Comparative crisis research further supports the need to distinguish between 

different types of shocks. Eichengreen shows that the Great Depression and the 

Great Recession shared certain financial and institutional features, but their 

outcomes depended heavily on structural conditions and policy responses [9]. 

Czarnecki and Starosta also emphasize that crises may emerge from different 

sources and therefore require different types of response [10]. This distinction is 

central to the present study, which compares the 2008 financial crisis, the COVID-

19 pandemic, and the 2022 energy crisis from the perspective of household 

experience. 

Recent findings also point to the importance of subjective perception, inflation 

experience, and financial vulnerability. Mennekes and Schramm-Klein show that 

inflation and product scarcity during crises may increase stress and influence both 

impulsive and planned consumer behavior, including stronger financial planning 

and lower discretionary spending [11]. DôAcunto et al. demonstrate that 

householdsô perceptions of post-pandemic price increases are closely related to 

inflation expectations and perceived losses in purchasing power [12]. The OECD 

similarly underlines that financial consumers operate in an increasingly complex 

risk environment shaped by cost-of-living pressures, debt, financial literacy, and 

economic uncertainty [13]. These findings support the joint examination of 

perceived crisis impact, consumption change, and financial awareness. 

Although crisis research has extensively addressed macroeconomic effects, 

institutional responses, and financial stability, less empirical attention has been 

devoted to the comparative household-level perception of different crises in 
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Hungary. This gap is important because the objective scale of a crisis does not 

automatically determine how strongly it is experienced or remembered by 

households. Age, financial independence, employment status, direct exposure, and 

accumulated crisis experience may all influence subjective impact. Therefore, this 

study compares how Hungarian respondents perceived and responded to the 2008 

global financial crisis, the COVID-19 pandemic, and the 2022 energy crisis. By 

focusing on subjective exposure, consumption changes, and financial awareness, 

the paper contributes to a more detailed understanding of household resilience and 

crisis adaptation in Hungary. 

2 Research Questions and Methodology 

The empirical analysis investigates how Hungarian respondents perceived and 

handled the household-level consequences of three major crises: the 2008 global 

financial crisis, the COVID-19 pandemic, and the 2022 energy crisis. Since these 

events differed in their causes and transmission channels, the study does not 

interpret crisis impact as a single homogeneous effect. Instead, it examines three 

connected dimensions: subjective exposure, perceived changes in consumption, and 

financial awareness. This approach makes it possible to compare how different 

shocks influenced everyday household decisions, financial caution, and adaptive 

behavior. 

The first research question addresses the perceived severity of the two most recent 

crises. Both the COVID-19 pandemic and the 2022 energy crisis directly affected 

daily life, but through different mechanisms. Therefore, the study examines whether 

respondents experienced their subjective impact differently. 

RQ1: How did respondents evaluate the subjective impact of the COVID-19 

pandemic and the 2022 energy crisis? 

H1: Respondents perceived the subjective impact of the COVID-19 pandemic and 

the 2022 energy crisis differently. 

The second research question focuses on consumption-related effects. Since the 

2022 energy crisis was strongly associated with inflation, rising utility prices, and 

increasing household expenses, it can be expected to have had a particularly visible 

influence on consumption decisions. 

RQ2: Which of the three examined crises had the strongest perceived influence on 

household consumption habits? 

H2: The 2022 energy crisis had a stronger perceived effect on household 

consumption habits than the 2008 financial crisis and the COVID-19 pandemic. 
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The third research question examines whether earlier crisis experience contributed 

to later financial caution. The 2008 financial crisis was a significant financial shock 

in Hungary, particularly for households affected by debt, foreign-currency loans, 

and credit-market risks. For this reason, the study explores whether negative 

experiences from that period were connected to more conscious financial behavior 

during the 2022 energy crisis. 

RQ3: Did previous crisis experience contribute to stronger financial awareness and 

later adaptive household responses? 

H3: Negative experiences during the 2008 financial crisis increased financial 

awareness and influenced household responses to the 2022 energy crisis. 

The research was based on a quantitative questionnaire survey designed to capture 

household-level perceptions of the 2008 financial crisis, the COVID-19 pandemic, 

and the 2022 energy crisis. The aim was not to measure the objective 

macroeconomic consequences of these events, but to examine how respondents 

interpreted their effects on their own household situation, consumption habits, and 

financial behavior. 

Data collection was carried out through an anonymous online questionnaire created 

in Google Forms. Participation was voluntary, and no personal identification data 

were collected. The final sample included 220 respondents. Because the 

questionnaire was distributed online and completed on a voluntary basis, the sample 

is not representative of the Hungarian population. Nevertheless, it provides useful 

exploratory evidence on how respondents perceived different crisis types and how 

these perceptions were related to household adaptation. 

The questionnaire contained demographic and crisis-related items. The 

demographic questions covered year of birth, gender, place of residence, and 

educational background. These variables helped describe the sample and interpret 

generational differences, especially in relation to the 2008 financial crisis. This 

aspect was important because many younger respondents may not have experienced 

the 2008 crisis as financially independent adults, which could affect how they 

evaluated its household-level consequences. 

The crisis-related section included closed questions and five-point Likert-scale 

items. Respondents assessed how strongly they were personally affected by the 

COVID-19 pandemic and the 2022 energy crisis. They also evaluated the perceived 

influence of the 2008 financial crisis, the COVID-19 pandemic, and the 2022 energy 

crisis on their consumption habits. Further items examined whether earlier crisis 

experiences were associated with greater financial awareness, closer attention to 

household expenses, and more cautious financial decisions during later periods of 

uncertainty. 

The data were processed in IBM SPSS Statistics 33. The analysis used descriptive 

statistical methods, including frequency distributions, percentage shares, means, 

and standard deviations. These techniques were appropriate because the study 
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aimed to identify general response patterns and compare perceived crisis effects 

rather than produce statistically generalizable estimates for the whole population. 

The empirical evaluation followed three main analytical directions. First, it 

compared the subjective impact of the COVID-19 pandemic and the 2022 energy 

crisis. Second, it examined perceived changes in consumption habits across the 

three crises. Third, it explored whether negative experiences from the 2008 financial 

crisis were associated with stronger financial awareness and adaptive responses 

during the 2022 energy crisis. This structure allowed the crises to be compared not 

only by perceived severity, but also by the household-level mechanisms through 

which they shaped behavior. 

The main methodological limitation is the non-representative nature of the sample. 

In addition, the age structure of the respondents affects the interpretation of the 

results, particularly regarding the 2008 financial crisis. At the same time, this 

limitation is also relevant to the research problem, because it shows that crisis 

perception is shaped not only by the objective scale of an event, but also by direct 

exposure, financial independence, and the life stage in which respondents 

encountered the crisis. 

3 Results 

The empirical findings indicate that the three examined crises influenced 

respondents differently in terms of subjective intensity, consumption-related 

change, and financial adaptation. The interpretation of the results must take into 

account the age structure of the sample. Since 84.8% of respondents were born after 

1981, most participants were relatively young at the time of the 2008 global 

financial crisis and often did not experience it as financially independent adults. 

This helps explain why the 2008 crisis received lower subjective and financial 

impact scores, while the COVID-19 pandemic and the 2022 energy crisis were 

evaluated as more directly relevant to respondentsô everyday lives. 

The first hypothesis proposed that the subjective impact of the COVID-19 pandemic 

and the 2022 energy crisis would differ. The descriptive results do not support this 

assumption. The mean value for the COVID-19 pandemic was 3.73, while the 2022 

energy crisis reached 3.74. The difference of 0.01 indicates practically identical 

perceived intensity. However, the sources of pressure were not the same. COVID-

19 was mostly associated with employment uncertainty, income changes, 

restrictions, and disruption of daily routines, whereas the energy crisis was mainly 

linked to utility costs, inflation, and household budgeting. 
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Crisis Mean 

value 

Main perceived impact 

mechanism 

Interpretation  

COVID-19 

pandemic 

3.73 Employment uncertainty, lifestyle 

disruption, income fluctuation 

Strong subjective 

impact 

2022 energy 

crisis 

3.74 Rising household costs, utility 

expenses, inflationary pressure 

Strong subjective 

impact 

Difference 0.01 Different mechanisms, similar 

intensity 

No substantial 

difference 

Table 1. 

 Subjective impact of the COVID-19 pandemic and the 2022 energy crisis 

Source: Own editing based on the survey results. 

Based on these values, H1 was not confirmed. Although the COVID-19 pandemic 

and the energy crisis operated through different mechanisms, respondents 

experienced their overall intensity at nearly the same level. This suggests that 

distinct crisis types can create comparable household-level pressure when they 

affect basic security, predictability, and everyday stability. This result is consistent 

with the broader crisis-management literature, which interprets crises as disruptions 

that threaten the normal functioning of social systems [2]. 

The second hypothesis assumed that the 2022 energy crisis had the strongest 

perceived effect on household consumption habits. The findings only partially 

support this expectation. The 2008 financial crisis had the lowest mean value, 1.19, 

which is mainly attributable to the sampleôs age composition. Many respondents 

were not yet independent household decision-makers during that period. The 

COVID-19 pandemic produced the highest consumption-related score, with a mean 

of 2.83, while the 2022 energy crisis also had a clear but slightly lower effect, with 

a mean of 2.60. 
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Crisis Mean 

value 

Relative strength 

of effect 

Interpretation  

2008 financial 

crisis 

1.19 Low Limited direct effect in the 

sample 

COVID-19 

pandemic 

2.83 Highest Strongest perceived 

consumption change 

2022 energy 

crisis 

2.60 High Strong effect, but lower than 

COVID-19 

Table 2. 

 Perceived change in consumption habits across the three crises 

Source: Own editing based on the survey results. 

These results show that the 2022 energy crisis visibly influenced consumption, but 

its perceived effect did not exceed that of COVID-19. The pandemic probably had 

the broadest behavioral impact because it simultaneously changed work, mobility, 

services, social interaction, and household routines. The energy crisis, in contrast, 

was more directly concentrated around rising prices, utility costs, and recurring 

household expenses. Therefore, H2 was only partly supported: the 2022 energy 

crisis had a stronger perceived effect than the 2008 financial crisis, but not a stronger 

effect than the COVID-19 pandemic. 

This finding is in line with Baldwin and Weder di Mauroôs interpretation of the 

pandemic as a multidimensional shock affecting supply, demand, expectations, and 

everyday behavior [5]. COVID-19 did not influence consumption only through 

income or employment risks; it also reorganized daily life through restrictions, 

remote work, service closures, and uncertainty. The 2022 energy crisis, by contrast, 

fits the interpretation of energy and inflationary crises as shocks that primarily 

operate through purchasing power, household expenditure structures, and cost 

sensitivity [6]. Its impact may therefore be understood less as a general lifestyle 

disruption and more as a financial-discipline shock. 

The third hypothesis examined whether negative experience during the 2008 

financial crisis increased later financial awareness and shaped responses to the 2022 

energy crisis. The findings again provide only partial support. The perceived 

financial impact of the 2008 crisis had a low mean value of 1.47, indicating that 

most respondents did not report strong direct financial difficulty connected to that 

period. In contrast, adaptive responses to the 2022 energy crisis reached a mean 

value of 3.15, showing greater financial caution, more active adjustment, and 

stronger attention to planning, spending control, and savings. 
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Indicator  Mean 

value 

Interpretation  

Perceived financial impact of the 

2008 crisis 

1.47 Low direct financial impact in the 

sample 

Adaptive financial response to the 

2022 energy crisis 

3.15 Stronger financial caution and 

active adjustment 

Main explanatory factor ð Age composition and more recent 

direct exposure 

Table 3. 

 Financial experience and adaptive response 

Source: Own editing based on the survey results. 

H3 was therefore only partly confirmed. The 2008 crisis did not directly increase 

financial awareness for most respondents, mainly because many of them were not 

financially independent at the time. However, the repeated sequence of crisis 

experiences, especially the COVID-19 pandemic followed by the energy crisis, 

appears to have strengthened financial caution. This supports the view that 

household financial awareness may develop cumulatively, through repeated 

exposure to uncertainty rather than through a single crisis event. 

The low perceived impact of the 2008 crisis should not be interpreted as evidence 

that the crisis itself was less important. In macroeconomic and financial terms, it 

was a major shock, particularly in Hungary, where household vulnerability was 

closely connected to indebtedness, foreign-currency lending, and exchange-rate 

risks [4]. However, many respondents in the present sample were not active 

borrowers or independent household managers at that time. This demonstrates that 

aggregate vulnerability and individual retrospective perception may diverge. Crisis 

perception is therefore shaped not only by the objective severity of the event, but 

also by life stage, direct exposure, and economic responsibility. 

The findings also support the broader argument that crises are recurring features of 

modern economic systems rather than rare exceptions [3]. Respondents encountered 

the three examined crises not as unrelated historical episodes, but as part of a 

sequence of repeated shocks. This is especially relevant in Hungary, where financial 

instability, pandemic disruption, inflation, and energy-price pressure occurred 

within a relatively short period. Household adaptation consequently appears to be 

cumulative: financial caution, consumption control, and attention to reserves may 

gradually strengthen as households face repeated uncertainty. 

The results are also compatible with Deatonôs view of household adjustment under 

income volatility and shocks [7]. Households may react by reducing discretionary 

spending, postponing purchases, reallocating expenditure toward necessities, or 
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increasing savings-oriented behavior. In this study, such adaptive logic is most 

visible in relation to the COVID-19 pandemic and the 2022 energy crisis. At the 

same time, the results show that household responses are not determined only by 

measurable economic indicators. Subjective uncertainty, fear of future losses, 

perceived instability, and reduced predictability also influence financial and 

consumption decisions. 

The psychosocial aspect of crisis experience is also important. Kopp and Skrabski 

emphasize that income insecurity and economic uncertainty may negatively affect 

psychological well-being [8]. The present findings are consistent with this 

interpretation, because both the COVID-19 pandemic and the energy crisis were 

perceived as strong household-level pressures, despite operating through different 

channels. Household resilience therefore depends not only on financial resources, 

but also on perceived control, stability, and the ability to maintain everyday routines 

under changing conditions. 

Recent international findings further support this interpretation. Mennekes and 

Schramm-Klein show that crisis-related inflation and product scarcity can increase 

stress and influence both impulsive and planned consumer behavior, including 

financial planning and reduced discretionary spending [11]. DôAcunto et al. 

similarly demonstrate that perceived price increases after the pandemic are closely 

related to inflation expectations and perceived losses in purchasing power [12]. 

These findings help explain why the 2022 energy crisis, although not producing the 

highest consumption-change mean, still generated strong financial caution among 

respondents. 

Overall, the results show that each crisis produced a distinct household-level 

adaptation pattern. The 2008 financial crisis mainly illustrates the importance of 

generational position and direct financial exposure. The COVID-19 pandemic 

shows how lifestyle disruption, employment uncertainty, and restrictions can 

reshape consumption habits. The 2022 energy crisis highlights the role of inflation, 

utility costs, and everyday financial discipline. The main finding is therefore not 

that one crisis was universally more severe than the others, but that household crisis 

perception depends on the interaction between crisis type, transmission mechanism, 

direct exposure, and the respondentôs life stage. This comparative perspective 

contributes to a more detailed understanding of household resilience and crisis 

adaptation in the Hungarian context. 

 

Conclusions 

This study analyzed how Hungarian respondents experienced and adjusted to three 

major crises: the 2008 global financial crisis, the COVID-19 pandemic, and the 

2022 energy crisis. The findings indicate that household crisis perception is 

influenced not only by the objective magnitude of a shock, but also by personal 

exposure, age, financial independence, and the way the crisis affects everyday life. 

The COVID-19 pandemic and the 2022 energy crisis were assessed with almost the 
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same subjective intensity, despite their different transmission mechanisms. The 

pandemic mainly affected employment, mobility, daily routines, and consumption 

behavior, whereas the energy crisis was more closely linked to rising living costs, 

inflation, utility expenses, and stronger financial caution. The 2008 financial crisis 

had a weaker direct effect in the sample, largely because many respondents were 

not yet independent household decision-makers at that time. The results show that 

household adaptation to crises is not a uniform process. Different shocks may lead 

to different responses, including lifestyle changes, modified consumption habits, 

stricter expenditure control, and increased financial awareness. The findings also 

suggest that financial caution is more likely to develop through repeated exposure 

to uncertainty than through one isolated crisis experience. The main limitations of 

the research are the non-representative sample and its age structure, which limit the 

broader generalizability of the results, particularly in relation to the 2008 crisis. 

Further studies should rely on larger and more balanced samples and use more 

advanced statistical procedures to explore generational differences, income-related 

effects, and the long-term connection between crisis experience and household 

financial behavior. 
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Abstract: The study examines how digital technologies associated with the Fourth Industrial 

Revolution may be integrated into beauty-industry small and medium-sized enterprises, and 

how industrialisation may be interpreted in a service sector that remains strongly dependent 

on human expertise, trust and aesthetic judgement. A research-based digital maturity and 

industrialisation model is developed, through which five dimensions are assessed: digital 

presence, customer journey management, operational standardisation, data-driven decision-

making and technological innovation. It is argued that beauty-industry industrialisation 

should not be understood as mass production or the displacement of professionals. Rather, 

it should be understood as the systematic stabilisation, measurability and scalable 

development of service processes. References have been inserted according to the order of 

first occurrence, and no citation group contains more than three references. 

Keywords: beauty industry; digitalisation; industrialisation; artificial intelligence; SMEs; 

service innovation; customer journey; data-driven management 

1 Introduction  

The technologies associated with the Fourth Industrial Revolution have been 

introduced not only into manufacturing systems but also into service sectors in 

which personal interaction had previously been treated as the dominant source of 

value. The convergence of digital, physical and biological domains has been 

described as a defining characteristic of this transformation [1]. In parallel, 

automation and data-driven decision-making have been presented as mechanisms 

through which labour, knowledge and productivity are reorganised [2]. 

mailto:nyikes.zoltan@uni-milton.hu
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Beauty-industry services provide a particularly useful research field because 

customer choice is influenced by visible outcomes, reputation, trust, trend 

sensitivity and recurring interaction. A beauty salon is no longer encountered only 

as a physical location. It is searched for online, compared through reviews, 

evaluated through images, booked through digital channels and discussed through 

social media. Consequently, the service is increasingly initiated before the customer 

enters the salon, and it is continued after the physical intervention has been 

completed. 

The present study is based on scientific research and is focused on the 

industrialisation of beauty-industry services. In this context, industrialisation is not 

defined as the mechanised production of identical services. It is defined as the 

structured organisation of recurring service processes, the technological support of 

background operations, and the systematic use of data for customer management, 

quality stabilisation and business development. Where literature from critical 

infrastructure, cybersecurity and safety-management research is cited, it is used as 

an analogical basis for process reliability, data protection and operational resilience, 

not as a claim that beauty salons have the same risk profile as critical infrastructure 

operators. 

2 Literature and industry background  

Digital transformation has been treated in public policy and management literature 

as a cross-sectoral change process through which organisations are required to 

develop basic digital capabilities, data literacy and platform-based interaction [3]. 

In consumer service industries, digital tools have been associated with improved 

convenience, personalised access and stronger customer retention. In the beauty 

sector, growth has also been connected with premiumisation, science-based 

products and the increasing integration of technology into consumer routines [4]. 

Marketing and customer relationship management have been reshaped by the 

transition from conventional promotion to digital, networked and platform-based 

interaction. Technology-oriented marketing has emphasised the importance of 

personalised customer value, while social media research has shown that online 

communities and user-generated content can become central components of brand 

trust [5, 6]. Platform theory has also demonstrated that value is increasingly 

generated through multi-sided ecosystems rather than through isolated firm-

customer transactions [7]. 

For beauty-industry SMEs, these developments mean that a service cannot be 

evaluated only through technical professional skill. The full service experience 

includes online search, visual reference material, booking, reminders, payment, 

feedback, rebooking and after-care communication. The experience economy 
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perspective is therefore relevant, because value is co-created through staged, 

memorable and repeatable interactions. 

3 Artificial intelligence and intelligent service 

personalisation 

Artificial intelligence has been increasingly used as a decision-support technology 

in service contexts. Core AI literature has defined intelligent systems through 

perception, reasoning, learning and action in complex environments [8]. In 

managerial practice, AI has been applied most effectively where well-defined tasks, 

sufficient data and clear decision rules are available [9]. In beauty-industry services, 

this logic is visible in AI-supported skin analysis, recommendation engines and 

customer segmentation. 

Image-based diagnostics have particular relevance for the beauty sector. 

Dermatological image classification research demonstrated that deep learning can 

achieve high diagnostic performance in selected skin-related classification tasks 

[10]. Although such results cannot be directly transferred to commercial beauty 

services without validation, they justify the careful investigation of AI-assisted 

visual assessment. Augmented reality has also been analysed as a technology that 

alters consumer behaviour through interactivity, vividness and simulated product 

experience [11]. 

Virtual try-on applications and immersive product testing illustrate how digital tools 

can reduce uncertainty before purchase. Retail studies of AR/VR have shown that 

interactive simulation may improve engagement and perceived usefulness [12, 13]. 

Nevertheless, the use of such tools in salons or cosmetic retail must be accompanied 

by transparent communication, because customer trust is easily damaged if 

algorithmic recommendations are treated as objective professional diagnoses 

without appropriate limits. 

4 Employment, skills and the service workforce 

The introduction of automation has often been discussed in relation to labour 

substitution. Employment research has shown that routine tasks are more exposed 

to computerisation, while tasks requiring creativity, social intelligence and complex 

perception remain more difficult to automate [14]. This distinction is particularly 

important in the beauty industry. Scheduling, reminders, stock alerts and customer 

data recording may be automated, but professional judgement, aesthetic taste, 

hygiene discipline and customer empathy remain human-centred. 
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From a development perspective, digitalisation should therefore be interpreted as a 

skill transition rather than as a simple labour-saving mechanism. Beauty-industry 

professionals are expected to combine technical craft knowledge with digital 

competence, data awareness and online communication ability. This requirement is 

consistent with European digitalisation policies that emphasise basic digital 

capacity in SMEs [15]. 

As personal images, contact details, preferences, health-related information and 

payment data may be processed during beauty services, compliance with data 

protection obligations must be treated as a strategic requirement. European data 

protection regulation requires lawful, fair and transparent processing of personal 

data [16]. Cybersecurity frameworks further indicate that even small organisations 

benefit from structured identification, protection, detection, response and recovery 

practices [17]. 

5 Research aim, questions and methodological 

approach 

The research aim is to identify how digital technologies can be converted into an 

industrialised operating model in beauty-industry SMEs. The study is not based on 

the assumption that all salons should immediately implement advanced AI systems. 

Rather, it is assumed that digital development should be phased, proportionate and 

linked to the real operating problems of the enterprise. 

Three research questions are addressed. First, which digital technologies may be 

treated as basic infrastructure for beauty-industry services? Second, how can online 

visibility and customer interaction be transformed into a data-driven service 

process? Third, under which conditions does technological development produce 

genuine industrialisation benefits instead of remaining an isolated tool purchase? 

A qualitative, model-building approach is applied. Typical salon processes are 

analysed and mapped against digitalisation and automation opportunities. This 

method is supported by research on supply-chain resilience and data-driven 

strategies, because even micro-service providers depend on reliable flows of 

materials, information and customer commitments [18, 19]. These sources are 

therefore used to transfer general principles of resilience, process coordination and 

data-based planning to a small-service-provider setting. 
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6 The proposed digital maturity and industrialisation 

model 

The central result of the study is a five-dimensional maturity and industrialisation 

model. The model assesses digital presence, customer journey management, 

operational standardisation, data-driven decision-making and technological 

innovation. Human-factor research in safety-critical environments suggests that 

technology alone cannot stabilise performance unless people, procedures and 

organisational routines are considered together [20]. This assumption was therefore 

built into the model. In the present model, this literature supports the assumption 

that stable service quality depends on the coordinated management of people, 

procedures and digital tools. 

Advanced technologies can support resilience and efficiency when they are 

integrated into a broader operating logic [21]. In the beauty sector, an online 

booking system becomes industrially relevant only when it reduces errors, supports 

capacity planning, connects with customer history and improves follow-up. A 

similar logic applies to collaborative or automated technologies, where safety, 

interaction and process design must be addressed together [22]. The relevance for 

beauty services lies in the same organisational logic: technology creates value only 

when it is connected to a controlled workflow and to responsible human decision-

making. 

Industry 4.0 and 5G-related research highlights the significance of connectivity, 

integration and standardisation in modern service and production systems [23]. For 

a beauty salon, these principles are translated into accessible booking data, standard 

service durations, consistent documentation and structured marketing workflows. 

The reference is therefore interpreted at the level of connectivity and standardisation 

rather than at the level of industrial infrastructure scale. 

7 Model dimensions 

Digital presence is the first dimension. It includes the website, social media 

channels, online reviews, visual portfolio and local search visibility. Its 

industrialisation role lies in the conversion of informal recommendation into a 

measurable acquisition channel. Compliance-oriented research also suggests that 

visibility and control should be supported by clear rules and accountable routines 

(see the Table 1.) [24]. This compliance analogy is relevant because salon visibility 

increasingly depends on controlled platform access, accountable image use and 

consistent review management. 
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Table 1.  

The digital maturity and industrialisation model for beauty-industry SMEs. By authors. 

Customer journey management is the second dimension. Booking, reminders, 

payment, feedback and rebooking are treated as linked steps rather than separate 

activities. Cloud service orchestration research is relevant here because it illustrates 

how distributed services may be coordinated to create more reliable and scalable 

functionality [25]. The analogy helps to justify the integration of separate customer-

contact points into one manageable service flow. 

Operational standardisation is the third dimension. It includes service descriptions, 

hygiene documentation, stock routines, equipment maintenance and customer 

records. Blockchain and manufacturing-integration research is indirectly relevant 

because traceability, transparency and verifiable process history are increasingly 

expected in digitally supported operations [26]. In this study, traceability is 

interpreted in a service-specific sense, namely as the ability to reconstruct service 

steps, product use and customer-related decisions when quality or safety questions 

arise. 

Data-driven decision-making is the fourth dimension. Customer frequency, service 

popularity, material usage, average service time and campaign results can be 

analysed to support pricing, procurement and staffing decisions. IoT security 

research also underlines that connected systems must be designed with appropriate 

security controls when operational data are collected [27]. This is particularly 

relevant where customer records, online booking data and device-generated 

information are processed together. 

Dimension Analysed content Industrialisation relevance 

Digital presence Website, social media, 

reviews, portfolio 
Converts informal visibility 

into a repeatable acquisition 

channel. 

Customer journey 

management 
Booking, reminders, 

payment, feedback 
Makes customer interaction 

measurable and manageable. 

Operational 

standardisation 
Stock, hygiene, 

documentation, service 

steps 

Reduces errors and stabilises 

service quality. 

Data-driven decision-

making 
Customer frequency, 

service popularity, revenue 

and stock data 

Supports pricing, 

procurement and capacity 

planning. 

Technological innovation AI analysis, AR/VR, smart 

devices 
Enables differentiation and 

premium positioning. 
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Technological innovation is the fifth dimension. AI skin analysis, AR product 

testing, intelligent devices and automated stock alerts may support differentiation. 

However, web-system security testing research indicates that application-based 

services require systematic verification, because digital customer interaction may 

introduce new vulnerabilities [28]. The cited security-testing perspective is 

therefore used to support careful tool selection and periodic verification of 

customer-facing digital applications. 

8 Industrialised customer journey 

The customer journey begins with digital discovery. The salon is found through 

search engines, maps, social media posts or recommendations. At this stage, 

credibility is built through consistent visual presentation, transparent service 

information and trustworthy reviews. Research on OT network defence confirms 

that digital networks must be protected both at the operational point and through the 

surrounding IT environment [29]. Although a salon is not a critical infrastructure 

operator, the same logic supports the protection of booking platforms, social media 

accounts and customer databases. The citation is used to justify a basic cyber-

hygiene perspective for digitally dependent customer interaction rather than to 

suggest that salon operations are equivalent to OT systems. 

The booking stage creates the first structured data point. An online booking system 

records the selected service, time, duration and sometimes customer preferences. 

Research on operational technology networks is useful by analogy because it 

emphasises that local operations and surrounding IT environments should be treated 

as connected systems [30]. If booking, customer history and reminders are 

disconnected, much of the digital value is lost. For beauty SMEs, the transferable 

lesson is that disconnected digital tools reduce both service efficiency and data 

reliability. 

During service delivery, digital tools should be used as support rather than as 

substitutes for professional competence. Cyber-defence research has noted the 

limits of detection technologies and the need for combined technical and 

organisational solutions [31]. In a salon context, the same principle means that AI 

analysis, image documentation and product suggestions should be interpreted by 

trained professionals. This strengthens the argument that digital support must 

remain embedded in professional judgement. 

After the service, feedback, rebooking and personalised after-care may be managed 

digitally. Data-minimisation research is relevant because only necessary data should 

be collected and disclosed, particularly where personal images and sensitive 

preferences are involved [32]. A legally and ethically sound customer journey is 

therefore a precondition of sustainable digital growth. The reference therefore 
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directly supports the proportionate handling of customer images, preferences and 

contact data in salon practice. 

9 Development levels for beauty-industry SMEs 

Three development levels may be distinguished. The first level is basic 

digitalisation. This includes social media, online portfolio, searchable location data, 

clear digital service lists and electronic payment. At this level, digital tools primarily 

increase visibility and convenience (see the Table 2.). 

 

Development level Main objective Typical tools Expected business 

effect 

Basic digitalisation Visibility and access Social media, web 

page, portfolio, 

electronic payment 

Improved 

discovery and 

customer 

convenience. 

Operational 

automation 
Administrative 

simplification 
Online booking, 

reminders, digital 

customer card, 

stock records 

Reduced errors and 

more predictable 

capacity. 

Intelligent service 

development 
Personalisation and 

differentiation 
AI analysis, 

recommender 

systems, AR/VR, 

predictive analytics 

Premium 

positioning and 

data-driven 

growth. 

Table 2.  

Development levels of digital industrialisation in beauty-industry services. By authors. 

The second level is operational automation. Online booking, automated reminders, 

digital customer cards and simple inventory systems reduce administrative work 

and prevent avoidable errors. Innovative education and skill-development 

approaches, including hackathons, have been proposed as ways to strengthen 

applied digital learning [33]. Such approaches are relevant because salon employees 

often require practical, scenario-based training rather than abstract software 

instruction. The relevance of this literature is practical: digital competence should 

be developed through short, applied and work-process-based learning activities. 

The third level is intelligent service development. AI-supported recommendations, 

predictive analytics, AR/VR and diagnostic tools can create premium value. 

Research on AI-supported knowledge assessment demonstrates how intelligent 

systems may support structured evaluation processes [34]. VR-based training 
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studies also indicate that immersive technologies can simplify learning and 

recognition tasks in complex environments [35]. For salon SMEs, these sources 

support the introduction of intelligent tools only after employees understand their 

limits, outputs and customer-facing implications. 

10 Case-based analysis of a nail salon 

A nail salon was selected as an illustrative case because the service is visual, 

recurring, material-dependent and strongly influenced by online trends. The work 

requires manual skill and creativity, but the background process can be highly 

standardised. AI-enabled organisational monitoring research shows that machine 

learning may be used to identify patterns and support proactive management [36]. 

In a nail salon, similar principles can be applied at a modest level through service-

frequency analysis, material consumption monitoring and no-show tracking. The 

analogy is deliberately limited to pattern recognition and proactive management, 

which are relevant even when the available dataset is small. 

The first development step is the systematic management of the online portfolio. 

Finished work should be photographed under consistent conditions, categorised by 

technique and linked to service information. This transforms visual evidence into a 

structured marketing asset rather than an occasional social media post. 

The second step is digital booking and customer record management. The duration 

of each service type should be standardised, and exceptions should be recorded. 

Allergies, material preferences, nail condition and previous designs may be stored 

only when lawful and necessary. This creates continuity between appointments and 

reduces the risk of service inconsistency. 

Systems approaches used in water safety planning demonstrate the value of 

documented processes, monitoring and corrective action [37]. The same principle 

can be adapted to salon hygiene and stock reliability. This addition clarifies why a 

safety-planning reference is useful for a salon case: both contexts require 

documented routines, monitoring and corrective action. 

11 Data, safety and sustainability considerations 

Digitalisation generates operational data, and the value of such data depends on 

accuracy, relevance and responsible processing. Sensor-placement research in 

water-quality monitoring shows that data collection must be planned according to 

the decision that it is expected to support [38]. For beauty-industry SMEs, this 

means that data should not be collected merely because it is available; it should be 
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linked to booking reliability, customer retention, stock planning or service quality. 

The cited monitoring logic is therefore transferred to service-management 

indicators, such as appointment reliability, material use and customer-retention 

data. 

Systems standards used in safety planning underline the need for repeatable 

processes and continuous improvement [39]. In salon management, this logic can 

be translated into documented hygiene routines, scheduled equipment maintenance, 

recorded complaints and periodic review of customer satisfaction. Security 

standards applied to drinking-water systems also demonstrate that service 

continuity and trust depend on controlled procedures [40]. The drinking-water 

example is used only as a process-control analogy, because both areas depend on 

documented routines and customer trust. 

Sustainability is also connected to industrialisation. Improved stock management 

can reduce waste, while digital documentation can reduce paper use. Responsible 

procurement and transparent product information can support customer trust. In this 

sense, beauty-industry industrialisation includes not only efficiency, but also 

accountability and environmental awareness. 

12 Security-related advanced technologies and their 

relevance 

Although the references in this section originate mainly from critical infrastructure 

and security research, they are used here as transferable principles for proportionate 

risk management in digitally mediated beauty services. Research on the human 

factor in critical infrastructure protection has shown that technological development 

must be accompanied by security-aware implementation and organisational 

responsibility [41]. For beauty-industry services, this is important because online 

booking, payment, cloud storage and social media accounts expose even small 

businesses to operational and reputational risk. 

Human-factor research in critical infrastructure has shown that people remain a 

central source of both resilience and vulnerability [42]. Machine-learning research 

on network and firewall data also indicates that digital systems produce patterns that 

may be analysed for threat detection and operational understanding [43]. Although 

the scale is different, a salon that relies on online systems should adopt basic cyber 

hygiene, strong passwords, access control and backup routines. 

AI assessment in financial institutions has highlighted the need for risk awareness 

when algorithmic systems are used in decision environments [44]. Intrusion-

detection research for IoT cybersecurity and studies on the need for cybersecurity 

solutions in IoT systems further show that connected devices should not be treated 
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as neutral tools [45, 46]. Beauty devices, booking platforms and customer databases 

should therefore be selected with security, vendor reliability and data protection in 

mind. This clarifies the sectoral relevance of the cited cybersecurity literature: its 

practical value is in vendor selection, secure configuration and responsible handling 

of connected service devices. 

Information security in smart nations and digital competence research both indicate 

that technological maturity depends on user awareness and organisational culture 

[47, 48]. In a beauty salon, this means that employees should understand not only 

how to use digital tools, but also why customer data, images and online accounts 

must be protected. The connection to the beauty sector is therefore made through 

employee behaviour, customer-data awareness and everyday digital discipline. 

Collaborative robot research has shown that automation should be evaluated 

through safety, interaction and usability requirements [49]. While most beauty-

industry SMEs will not use industrial robots, the principle is transferable: any 

automated or intelligent device must be integrated into a safe, comprehensible and 

professionally controlled workflow. This supports the cautious adoption of 

automated beauty devices, diagnostic tools and smart equipment. 

13 Practical implementation framework 

A practical implementation framework should begin with a process audit. The 

current customer journey, booking practice, data handling, stock management and 

after-care communication should be documented. Only after this mapping has been 

completed should software or equipment be selected. 

The second phase should introduce low-risk, high-value improvements. These may 

include a structured service list, standardised durations, online booking, electronic 

payment and automated reminders. Cybersecurity and privacy guidance 

recommends that risk management should be proportionate, documented and 

embedded into ordinary organisational practice [50, 51]. In this context, the 

practical implication is not complex enterprise certification, but a simple and 

documented approach to passwords, backups, customer consent, access rights and 

supplier selection. 

The third phase should establish measurement. Useful indicators include booking 

volume, cancellation rate, no-show rate, returning-customer ratio, average service 

value, stock-out events and online review quality. These indicators create the 

evidence base for further industrialisation. Cosmetic good manufacturing practice 

standards also demonstrate that documented quality processes are essential where 

product use and hygiene are central [52]. 
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14 Discussion 

The findings suggest that the industrialisation of beauty-industry services is 

primarily a managerial and organisational phenomenon. Technology enables the 

change, but it does not guarantee it. An online platform may improve service quality 

only if service categories, time allocation and customer communication have been 

defined. AI may support personalisation only if its outputs are interpreted 

responsibly. Data may support decision-making only if it is accurate, lawful and 

regularly reviewed. 

The proposed model contributes to the literature by connecting digital maturity with 

industrialisation potential. Instead of treating digital tools as isolated innovations, 

the model evaluates whether tools are embedded into the service process. This is 

particularly important for SMEs, where limited resources require prioritisation and 

where poorly selected technology may create cost without strategic benefit. The 

critical-infrastructure and cybersecurity references are therefore used selectively as 

sources of transferable principles, especially resilience, traceability, privacy and 

secure operation, rather than as direct sectoral comparisons. 

The model also has practical value. It allows a salon owner to identify whether the 

next development step should be marketing visibility, booking automation, stock 

control, customer data analysis or advanced innovation. The same logic can be 

adapted to cosmetics, nail services, hairdressing, make-up, beauty retail and skin-

care consultation. 

 

Conclusions 

The study has shown that beauty-industry digitalisation can be interpreted as a 

service-centred form of industrialisation. This form of industrialisation does not 

remove the personal character of beauty services. Instead, it professionalises the 

background processes that support personal service delivery. 

The five-dimensional model demonstrates that digital presence, customer journey 

management, operational standardisation, data-driven decision-making and 

technological innovation should be developed together. If one dimension is 

neglected, the benefits of the other dimensions may be reduced. For example, AI-

based diagnosis will not create sustainable value if customer data are poorly 

protected or if basic booking processes remain chaotic. 

For beauty-industry SMEs, phased implementation is recommended. Basic 

digitalisation should be followed by operational automation, and only then should 

advanced AI or AR/VR solutions be introduced. This pathway reduces financial 

risk, supports learning and ensures that innovation remains connected to customer 

value and business sustainability. 
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Abstract: The modern digital transformation is a key factor in the competitiveness of 

businesses in the global business environment, significantly contributing to the efficiency and 

sustainability of business processes. Although awareness of its importance is growing, 

systematic analyses of the impact of digitalization on the business performance of companies 

in Serbia are still rare. The aim of this paper is to assess the impact of digital transformation 

on the business performance of small and medium-sized enterprises (SMEs) in Serbia, with 

a special focus on the factors that influence the efficiency of the transformation process. The 

study applies a quantitative methodology based on the statistical analysis of data from the 

Statistical Office of the Republic of Serbia (RZS), the World Bank, and Eurostat for the period 

2014ï2024. The analysis focuses on SMEs, where business performance is measured by 

indicators of revenue growth, profitability, and labor productivity, while the level of 

digitalization is tracked through internet penetration, cloud service usage, and the 

digitalization of business processes. Descriptive statistics, time series analysis, correlation, 
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and regression analysis were used. The results show a statistically significant positive impact 

of digital transformation on operational efficiency and revenue growth, especially in the 

finance, trade, and IT sectors. Key barriers have been identified: a lack of qualified 

personnel, high implementation costs, limited institutional support, and low awareness of the 

potential of digitalization. The paper highlights the need for comprehensive policies that 

encourage investments in digital infrastructure, employee training, and access to financing 

for SMEs. The findings contribute to the academic discussion on digital transformation in 

transition countries and offer practical recommendations for corporate management and the 

Government of Serbia for building a sustainable digital ecosystem. 

Key words: digital transformation, small and medium enterprises, operational efficiency, 

profitability 

1 Introduction  

In the modern business environment, digital transformation is recognized as a key 

factor in enhancing the competitiveness and efficiency of companies worldwide 

[1,2]. Digital tools and technologies are transforming traditional business models, 

enabling faster adaptation to market changes, greater economic resilience, better 

decision-making, and an enhanced customer experience [3]. Companies that 

successfully integrate digital technologies into their business systems gain a 

significant advantage over the competition, which is especially important for small 

and medium-sized enterprises that form the backbone of Serbia's economy [4,5]. 

Although awareness of the importance of digitalization in the domestic business 

sector is growing, systematic and empirical analyses of its impact on the business 

performance of companies in Serbia are still limited [6,7]. Given the specifics of 

the domestic market, such as company size, digital maturity level, as well as 

economic and regulatory frameworks, there is a need to examine in detail how 

digital innovations contribute to business improvement and what obstacles 

companies most often encounter in this process. 

This paper aims to assess the impact of digital transformation on the business 

performance of companies in Serbia through an analysis of quantitative and 

qualitative indicators, with a special focus on the factors that influence the 

efficiency of the digitalization process. For the purposes of the research, a 

quantitative methodology was applied, based on the statistical analysis of relevant 

data collected from internal and international sources, including the Statistical 

Office of the Republic of Serbia (RZS), the World Bank, and Eurostat for the period 

from 2014 to 2024. The analysis focuses on business parameters such as revenue 

growth, profitability, and productivity, while the level of digitalization is tracked 

through parameters such as internet penetration, cloud service usage, and the 

digitalization of business processes. To process and interpret the data, descriptive 

statistics, time series analysis, as well as correlation and regression analyses were 
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used. The research results indicate a positive and statistically significant impact of 

digital transformation on increasing operational efficiency and revenue growth, 

especially in the finance, trade, and information technology sectors. Additionally, 

key challenges in the digitalization process were identified, such as a lack of 

qualified personnel, high implementation costs, limited institutional support, and 

insufficient awareness of the potential of digitalization among entrepreneurs. 

The contribution of this paper is recognizable in two aspects: first, it encourages 

academic debate on digital transformation in transition countries, and second, it 

provides practical recommendations for business management and economic 

policymakers in Serbia. Ultimately, this contribution offers guidelines for building 

a sustainable digital ecosystem that will support the further development and 

competitiveness of domestic small and medium-sized enterprises. 

2 Literature Review 

Digital transformation is one of the most significant trends in modern business, 

serving as the subject of numerous studies in the fields of management, economics, 

and information technology. According to the definition in the professional 

literature, digital transformation involves the integration of digital technologies into 

all aspects of business, leading to fundamental changes in the way of working, the 

organizational structure, and its interaction with the market [1]. The literature often 

emphasizes that digital transformation is not just about implementing technological 

innovations and evaluating the economic effects of the resulting changes, but also 

serves as a catalyst for profound organizational and cultural changes [8]. This 

transformation enables companies to become more agile, respond more quickly to 

market demands, and achieve better performance through improved efficiency and 

increased value for users. 

Empirical studies indicate multiple positive effects of digitalization on business 

indicators, including revenue growth, increased profitability, better productivity, 

and increased market share [4,2]. These results are particularly pronounced in 

sectors with a high degree of technological adoption, such as the information and 

communication sector, financial services, and retail. 

The continuous development of digital platforms, big data analytics, artificial 

intelligence, and cloud technologies enables companies to optimize business 

processes, create new revenue streams, and enhance the customer experience [5]. 

In addition to the advantages and positive economic effects of digital transformation 

on small and medium-sized enterprises, the literature also points to numerous 

challenges and barriers that companies encounter during the digital transformation 

process. Among the most frequently cited problems are a lack of qualified 

personnel, high initial implementation costs, a lack of institutional support, as well 
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as resistance to change within the organization [9,10]. Furthermore, digital 

transformation requires strategic management and alignment with the company's 

long-term goals, which is not always easy to achieve, especially in small and 

medium-sized enterprises. 

A particularly interesting segment of the research concerns digital transformation 

in transition countries, such as Serbia, where economic, institutional, and 

technological challenges further complicate this process. Studies by regional centers 

and international organizations highlight that SMEs in these countries often lag 

behind more developed markets in terms of digital maturity and technology 

investment [11]. The reasons for these differences lie in the specifics of market 

conditions, inadequate state support, and an insufficient connection between the 

education system and the needs of the economy [7]. 

Statistical data from the Statistical Office of the Republic of Serbia, along with 

analyses by the World Bank and Eurostat, show that in Serbia, the last decade has 

seen significant growth in the use of digital technologies, particularly in the segment 

of internet connections and the use of cloud services. However, progress in the area 

of business process digitalization remains limited [12]. Research from the DESI 

index also points to challenges in digital skills and institutional support, which 

directly impact the slower development of digital capacities among SMEs in Serbia. 

In line with global trends, quantitative studies have shown that digital 

transformation significantly impacts business performance by increasing labor 

productivity and enabling the more efficient use of resources [13]. Similarly, in the 

Serbian context, preliminary studies confirm that sectors such as finance, trade, and 

IT benefit significantly from digitalization, while manufacturing and more 

traditional sectors face greater difficulties in adopting new technologies [14]. 

Analysis of the literature also indicates that a clear vision, active management 

support, and continuous employee training are necessary for a successful digital 

transformation [4]. The lack of these factors often leads to the failure of digital 

initiatives or to the slow adoption of digital technologies within companies, which 

is a common case in Serbia [15]. From a policy perspective, several studies 

emphasize the need for comprehensive measures that include developing digital 

infrastructure, providing investment incentives, and creating an environment that 

fosters digital innovation and entrepreneurship [15-17]. 

Existing academic and professional literature provides a significant theoretical and 

empirical framework for understanding the impact of digital transformation on 

business performance, but it leaves room for further research, especially regarding 

the specific conditions and challenges in transition countries such as Serbia. This 

paper aims to fill this gap through a detailed analysis of the impact of digitalization 

on SMEs in Serbia, identifying key success factors and obstacles, which can 

contribute to improving business strategies and government policies aimed at the 

digital economy. 
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3 Results of Digital Transformation in Serbia 

To gain insight into the sectoral distribution of digital transformation in Serbia, 

Figure 1 shows the share of enterprises that have implemented digital solutions in 

their business processes, sorted by their primary activity. 

 

Figure 1. 

Sectoral representation of digital transformation in enterprises in Serbia (in %) 

Source: RZS (2023), The use of information and communication technologies in businesses 

The data shown in Figure 1 reveals that digital transformation in Serbia is most 

prevalent in the Wholesale and Retail Trade sector, which, with a share of 28.5%, 

significantly leads other sectors. This finding is expected, given that retail and 

wholesale companies were among the first to recognize the potential of 

digitalization, primarily through the development of e-commerce platforms, the 

implementation of digital inventory management systems, and the use of CRM tools 

to improve customer relationships. The COVID-19 pandemic further accelerated 

this trend, forcing businesses to develop online sales channels in a short period. In 

second place for digital transformation adoption is Manufacturing at 14.4%, which 

indicates the gradual penetration of Industry 4.0 concepts into the domestic 

manufacturing sector. Although this percentage is relatively low compared to trade, 

it reflects the specifics of the manufacturing sector, where digitalization requires 

significant capital investments in automation, robotics, and the Internet of Things 

(IoT). In Serbia, large investments pose a particular challenge for small and 

medium-sized enterprises with limited financial resources. 
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The Innovation and Technical Activities sector accounts for 13.8%, ranking it third 

on the list of digitized sectors. This result is consistent with the nature of the 

industry, which involves the application of modern technological solutions in daily 

operations. Construction accounts for 9.4%, indicating an initial phase of digital 

transformation in this sector. Interestingly, the Information and Communication 

sector records the lowest share at just 7.4%. This seemingly paradoxical result can 

be explained by the fact that IT companies, by their very nature, operate in a digital 

environment, and their transformation is not measured in the same way as in 

traditional sectors. In other words, for the IT sector, digitalization is a starting point 

rather than a transformation process, which affects the measurement methodology. 

Additionally, the relatively small number of IT companies within the overall SME 

sector in Serbia contributes to this low percentage share. 

The sectoral analysis indicates an uneven distribution of digital transformation in 

the Serbian economy, with the trade sector dominating, while the manufacturing 

and construction sectors lag behind. This uneven distribution further highlights the 

need for a differentiated approach in public policymaking, which should be tailored 

to the specific needs and capabilities of each sector. A more detailed insight into the 

specific aspects of digitalizationði.e., the types of digital services used by Serbian 

enterprises compared to the European averageðis shown in Figure 2. 

 

Figure 2. 

Use of cloud computing services in enterprises ï comparative overview Serbia vs. EU-27 (in %) 

Source: Eurostat, RZS (2023) 

The data presented indicate significant differences in the level of cloud computing 

service usage between companies in Serbia and the EU-27 average. The smallest 
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gap between Serbia and the EU-27 was recorded in the domain of electronic mail 

(e-mail), where Serbian enterprises record a usage rate of 82.85%, which is close to 

the EU-27 average of 85.15%. This result indicates that the use of this type of 

communication tool has reached a high level of maturity, even in the domestic 

business environment. However, with more advanced forms of cloud technology 

usage, the differences in their adoption rates become more pronounced. In the 

Office Software segment, Serbia lags behind with 58.85% compared to 71.69% in 

the EU-27, representing a difference of almost 13 percentage points. An even larger 

gap is evident in the domain of File Storage, where Serbian companies record a rate 

of just 42.49%, while the EU-27 average is 71.53%ða difference of as much as 29 

percentage points. This suggests that Serbian companies are still largely using on-

premise storage solutions instead of cloud-based technological solutions. In the 

ñHosting the Enterprise's Databasesò segment, the difference is relatively small at 

43.20% versus 45.52%, which may indicate specifics of the regulatory framework 

and the preference of domestic companies for internal database management. 

The most pronounced lag for Serbia is observed in advanced cloud business 

applications. For ERP (Enterprise Resource Planning) software applications, the 

usage rate in Serbia is just 17.29% compared to 30.12% in the EU-27. A similar 

situation is seen with CRM applications, where Serbia records 16.77% compared to 

27.91% in the EU-27, as well as with the use of Computing Power for the 

Enterprise's Own Software, where the ratio is 15.52% to 28.18%. These data clearly 

show that Serbian businesses, while relatively good at adopting basic cloud services 

like email, significantly lag behind in the adoption of advanced digital solutions that 

directly impact operational efficiency, customer relationship management, and 

business process integration. The identified gap in the use of ERP, CRM, and 

advanced cloud capabilities represents one of the key barriers to improving the 

business performance of SMEs in Serbia and also justifies the focus of this research, 

which is directed at the relationship between the degree of digitalization and 

business results. 

4 Methodology 

The empirical analysis is based on the quantitative processing of secondary data for 

the Republic of Serbia from 2014 to 2024. The data were collected from the official 

statistical databases of the Statistical Office of Serbia (RZS), the Business Registers 

Agency (APR), National Bank of Serbia (NBS), Eurostat, and the World Bank. The 

research focuses on the small and medium-sized enterprise (SME) sector, which 

constitutes the dominant part of Serbia's economic structure. Given the availability 

of annual data, a time series panel with 11 observations was formed for most 

indicators. Research Variables 
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To assess the impact of digital transformation on business performance, dependent 

and independent variables have been defined. Business performance is defined as 

the dependent variable, and in this context, the following have been analyzed: 

1 Total SME revenue (expressed in millions of RSD) ï as an indicator of 

growth and market activity. 

2 Labor productivity (expressed as the ratio of total revenue and number of 

employees) ï as a measure of operational efficiency. 

3 Profitability (Net profit in millions of RSD) ï as an indicator of financial 

success, with 10 observations available for this variable due to a time lag 

in the publication of the final financial statements for the last year of the 

observation period. 

The independent variable analyzed was digital transformation, with the level of 

digitalization measured by a composite Digitalization Proxy Index. This index is 

formed by aggregating three key indicators that reflect different aspects of a 

company's digital maturity: 

1 Share of companies receiving online orders (%), 

2 Share of e-commerce in total revenue (%), 

3 Number of online purchases (in millions). 

To enable the aggregation of indicators with different units of measurement and 

variability, statistical standardization of the data was applied, after which a weighted 

sum of the indicators was formed. The resulting index allows for tracking the 

dynamics of digital transformation on an annual basis, with higher index values 

indicating a higher degree of digitalization. Descriptive statistics show that the 

index varies over a significant range, reflecting intense changes during the observed 

period. Given that both business performance and digitalization indicators exhibit 

strong temporal trends due to general economic growth and inflation, a linear time 

trend (t) was included in the models. This control allows for the partial isolation of 

the digitization effect from general macroeconomic movements and reduces the risk 

of detecting false correlations. 

4.1 Model and methods of analysis 

To assess the impact of digitalization on performance, a multiple linear regression 

method on time series was applied. The basic model specification is as follows: 

Yt=ɓ0+ɓ1Digitalizationt+ɓ2t+Ůt 
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where: Yt is the vector of dependent variables (revenues, productivity, 
profitability), Digitalizatio is the value of the proxy index in year t, t is the time 

trend that encompasses general economic movements,  

Ůt - error. The parameter ɓ1 represents the key coefficient of interest that measures 

the marginal impact of digitalization on performance. 

The statistical analysis methodology includes: 

1 Descriptive statistics to analyze the distribution and trends of the variables. 

2 Correlation analysis (Pearson's coefficient) to examine linear relationships. 

3 Regression modeling with the assessment of coefficient significance and 

4 Diagnostic tests - Checking multicollinearity using the Variance Inflation 

Factor (VIF), testing for autocorrelation of residuals with the Durbin-

Watson statistic, as well as tests of the normality of error distribution.  

All analyses were conducted in the SPSS statistical software. Due to the limited 

number of observations (N=11), the results are interpreted with caution, with an 

emphasis on the statistical significance and robustness of the relationships, while 

causal inferences are drawn in the context of the theoretical framework and with an 

acknowledgment of the limitations of aggregate data. 

5 Results and Discussion 

The descriptive indicators of business performance for SMEs in Serbia, presented 

in Table 1, point to continuous growth over the observed decade. Total revenues 

show a strong upward trajectory, with an average value of around 12.4 billion RSD 

and a significant standard deviation that reflects dynamic changes in business 

volume. Labor productivity shows steady growth, especially after 2019, reaching 

an average value of 15.4 million RSD per employee. Profitability also grows, but 

with greater volatility, indicating the sensitivity of this indicator to external shocks 

and cost pressures. 
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Variable N Minimum  Maximum 
Mean 

value 

Std. 

Deviation 

Number of 

employees 
11 661.199 999.336 830.267 103.226 

Total 

revenues 

(mil RSD) 

11 5.258.902 19.546.367 12.402.634 4.307.928 

Labor 

productivity 

(Tot. 

Revenue / 

employee) 

11 7,2 23,6 15,4 5,41 

Profitability 

(mil RSD) 
10 95.155 426.945 261.050 115.287 

Table 1. 

Descriptive statistics of SME business performance in Serbia (2014ï2024) 

Source: Author's calculation based on data from APR and RZS. 

 
The analysis of digitalization indicators (Table 2) confirms the intensification of 

digital transformation. The proxy digitalization index records continuous growth, 

with an acceleration during and after the COVID-19 pandemic, suggesting that 

external shocks acted as a catalyst for the adoption of digital technologies. The 

index's high standard deviation indicates significant annual changes in the level of 

digital activity. 

Variable N Minimum  Maximum 
Mean 

value 

Std. 

Dev. 

Businesses with 

online ordering (%) 
11 19,80 28,20 24,53 3,15 

E-commerce share 

of revenue (%) 
11 3,20 12,80 7,37 3,19 

Number of online 

purchases (mil 

RSD) 

11 4,80 82,40 26,85 25,38 

Digitalization index 

(proxy) 
11 32,00 389,00 160,06 116,35 

Table 2. 

Descriptive statistics of digitalization indicators (2014ï2024) 

Source: Author's calculation based on data from RZS, NBS and Eurostat. 
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The index's evolution is presented in the Table 3. A moderate increase was recorded 

in the 2014ï2016 period, while the 2020ï2021 period is characterized by a sharp 

increase in the index, driven by the mass shift to online business channels. After 

2022, the growth stabilizes, which may indicate a phase of consolidation of digital 

capabilities. The index values are consistent with the regression analysis. 

Year 

% of companies 

that receive 

online orders 

Share of e-

commerce in 

revenue (%) 

Number of 

online 

purchases 

(millions) 

Digitalization 

index (proxy) 

2014. 19,8 3,2 4,8 32.0 

2015. 20,5 3,8 6,2 45.2 

2016. 21,3 4,5 7,9 58.4 

2017. 22,4 5,3 9,8 74.1 

2018. 23,5 6,2 12,5 92.6 

2019. 25,1 7,8 16,3 118.5 

2020. 26,5 11,5 21,2 156.8 

2021. 27.0 12,8 30,0 198.4 

2022. 27,8 10,5 45,0 265.2 

2023. 28,2 8,5 59,2 330.5 

2024. 27,7 7,0 82,4 389.0 

Table 3. 

Evolution of the digitalization indicators and proxy index (2014ï2024) 

Source: Author's calculation based on data from 

RZS, NBS and Eurostat 

Table 4 presents a correlation matrix that reveals strong positive correlations 

between digitalization and business performance. The digitalization proxy index 

shows a very high correlation with total revenue (r = 0.980) and productivity (r = 

0.978), as well as a high correlation with profitability (r = 0.858). 
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X1 X2 X3 X4 Y1 Y2 Y3 

X1 online 

ordering in % 
1,000 

      

X2 E-

commerce 

share of 

revenue in % 

0,582 1,000 
     

X3 Online 

purchases in 

mil. 

0,779 0,191 1,000 
    

X4 

Digitalization 

Index 

0,783 0,198 0,998 1,000 
   

Y1 Total 

revenues 
0,803 0,121 0,974 0,980 1,000 

  

Y2 

Productivity 
0,681 0,074 0,969 0,978 0,992 1,000 

 

Y3 

Profitability 

(N=10) 

0,826 0,088 0,830 0,858 0,912 0,889 1,000 

Table 4. 

Correlation matrix of key variables 

Source: Author's calculation 

These results preliminarily confirm the hypothesis that a higher level of digital 

transformation is associated with better business outcomes. Also, an extremely high 

correlation is observed between the index and the number of online purchases (r = 

0.998), which indicates that e-commerce dynamics are the dominant component of 

the overall index during the observed period. Given the high correlations between 

the variables, a regression analysis was conducted below with strict control for 

multicollinearity. All correlations shown are statistically significant at the p < 0.01 

level. Table 5 shows the results of the regression analysis. Three models with 

different dependent variables were estimated, including the time trend as a control 

variable. 
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Parameter 
Model 1: 

Revenue 

Model 2: 

Productivity  

Model 3: 

Profitability  

Dependent variable 
Revenue (mil 

RSD) 

Labour 

Productivity  

Net Profit (mil 

RSD) 

N 11 11 10 

Constant (ɓ ) 1,418,702,138.8 -1,137.896 -95,252,743.9 

Digitalization Index 

(ɓ ) 
57,913.4 0.032 -198.7 

Time Trend (ɓ ) -702,348.1 0.568 47,322.5 

RĮ 0.969 0.995 0.953 

Adjusted RĮ 0.961 0.994 0.939 

F-statistic 124.35 852.89 70.20 

Durbin-Watson 2.57 0.91 1.54 

VIF (Max) 2.45 2.45 2.45 

Table 5. 

Results of the regression analysis of the impact of digitalization on SME performance 

Note: *** p<0.01; ** p<0.05; * p<0.1. Standard errors in parentheses. 

Source: Author's calculation in SPSS software. 

The results of the multiple regression analysis are presented in Table 5. Three 

models with different dependent variables were estimated, including a time trend as 

a control variable. 

In Model 1, which describes the dependent variable revenues, the coefficient on the 

digitalization index is positive and highly significant (ɓ = 57.913, 4; p < 0.001), 

indicating that an increase in the digitalization index by one unit, controlling for the 

time trend, is associated with an average revenue growth of approximately 57,913 

million RSD. The model explains 96. 9% of the revenue variance (RĮ = 0.969), 

confirming an excellent fit to the data. The time trend is not statistically significant 

(p = 0.061), which suggests that it is digitalization, and not general economic 

growth, that is the dominant factor explaining the growth in SME revenue. In Model 

2, which describes the dependent variable productivity, digitalization has a 

statistically significant positive effect on labor productivity (ɓ = 0.032; p < 0.001). 

At the same time, the time trend is also significant (ɓ = 0.568; p = 0.005), which 

indicates that the productivity growth reflects the combined effect of digital 

transformation and general economic progress. The model explains as much as 

99.5% of the variance in productivity (RĮ = 0.995). In Model 3, which describes the 

third dependent variable, profitability, the coefficient for the digitalization index is 

not statistically significant (ɓ = -198.7; p = 0.558), while the time trend is 

significant (ɓ = 47,322.5; p = 0.008). 
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This result suggests that the growth in the profitability of SMEs in Serbia during the 

observed period can be primarily attributed to general macroeconomic trends, and 

not directly to the digitalization process. A possible explanation lies in the fact that 

the costs of implementing digital solutions temporarily reduce the net gain, and that 

the positive effects of digitalization on profitability are realized indirectly, through 

an increase in revenue and productivity, with a time lag. The model explains 95.3% 

of the variance in profitability (RĮ = 0.953). Diagnostic tests confirmed the validity 

of the models. The Variance Inflation Factor (VIF) values for all variables across 

the models were stable (Max VIF = 2.45), which is well below the critical threshold 

of 5, confirming that multicollinearity between the digitalization index and the time 

trend is not an issue. The Durbin-Watson statistics indicate the absence of serious 

autocorrelation in models 1 and 3 (DW = 2.57 and 1.54), while in model 2 the value 

is lower (DW = 0.91), which suggests the presence of positive autocorrelation of 

residuals and calls for caution in interpreting that model. Given the small number 

of observations (N = 11), the results should be interpreted as indicators of strong 

statistical associations, with the limitation of drawing strict causal inferences. 
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European economy, yet their performance remains highly volatile due to structural 

constraints and increasing environmental uncertainty. Despite extensive research in 

strategic management, many foundational business theories have been developed in the 

context of large organisations and relatively stable environments, raising questions 

regarding their applicability to SMEs, particularly within the European Union. This paper 

critically examines four prominent theoretical perspectives: the Resource-Based View 

(RBV), Dynamic Capabilities Theory (DCT), the Technology Acceptance Model (TAM), and 

Big Data Analytics Capability (BDAC), evaluating their relevance, explanatory power, and 
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German SMEs, the analysis demonstrates that each framework provides valuable but partial 

insights into organisational performance. The findings suggest that no single theoretical lens 

sufficiently captures the complexity of SME environments characterised by resource 

constraints, managerial centralisation, and increasing digitalisation pressures. Instead, 

SME performance emerges from the interaction between resources, adaptive processes, 
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foundation for future empirical research on SMEs operating under conditions of uncertainty 

and technological transformation. 
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1 Introduction  

Small and medium-sized enterprises (SMEs) constitute the structural backbone of 

the European economy, contributing significantly to employment, innovation, and 

economic growth [1]. Within the European Union, SMEs are formally defined as 

organisations with fewer than 250 employees and annual turnover below ú50 

million [2]. In Germany alone, SMEs (commonly referred to as the Mittelstand) 

represent 99.2% of all businesses and account for 53.6% of total employment, 

underscoring their systemic importance [3]. 

Despite this central role, the performance of SMEs remains highly volatile, largely 

due to the persistent and demanding challenges embedded in the business 

environment, posing a significant risk to economic stability [4]. Limited resource 

bases frequently expose SMEs to liquidity constraints, particularly during periods 

of economic downturn or crisis [5]. In addition, increasing pressures associated with 

digital transformation, alongside ongoing difficulties in attracting and retaining 

skilled labour, further hinder their long-term sustainability [6]. Collectively, these 

structural challenges contribute to heightened vulnerability and comparatively short 

organisational lifespans. Evidence from Germany illustrates this fragility, with 

mortality rates reaching 26% within the first year and 62% after five years [7]. 

Beyond these ongoing operational pressures, SMEs are also especially sensitive to 

unexpected disruptions. Such events can significantly interrupt supply chains and 

production activities [8]. Concurrently, economic shifts, technological change, and 

broader social trends, require SMEs to adapt quickly in order to maintain 

competitiveness and avoid market exit [9]. Similarly, although typically perceived 

as advantageous, sudden increases in demand can exceed the limited capacities of 

smaller organisations, resulting in operational inefficiencies, delays, and potential 

reputational harm [10]. 

Consequently, understanding SME performance requires theoretical frameworks 

capable of capturing not only resource limitations but also adaptation processes, 

behavioural decision-making, and technological capability development. 

Traditional strategic management theories are largely developed in the context of 

large organisations and stable environments. Their direct applicability to SMEs, 

particularly in European contexts characterised by structural heterogeneity and 

regulatory complexity, remains an open question. This paper examines four major 

theoretical perspectives: the Resource-Based View (RBV), Dynamic Capabilities 

Theory (DCT), the Technology Acceptance Model (TAM), and Big Data Analytics 

Capability (BDAC), evaluating their relevance, limitations, and applicability to 

SMEs in the European Union. 
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2 The Resource-Based View in SME Contexts 

The Resource-Based View (RBV) provides a foundational explanation for 

variations in performance by emphasising organisation-specific resources as the 

primary drivers of competitive advantage [11], [12]. According to this perspective, 

organisations achieve sustained advantage when they possess resources that are 

valuable, rare, difficult to imitate, and organisationally embedded [13]. This internal 

focus represents a departure from externally oriented models, positioning the 

organisation as a bundle of tangible and intangible heterogeneous assets. 

Recent research on European SMEs reaffirms the relevance of RBV, particularly 

under conditions of resource constraint. Estensoro et al. [14], analysing 354 Spanish 

manufacturing SMEs, demonstrate that organisations follow heterogeneous 

capability development paths, with performance outcomes contingent on how 

internal resources are combined and the maturity of their implementation. Similarly, 

Chaudhuri et al. [15] show that the performance benefits of digital assets materialise 

only when supported by complementary organisational processes and managerial 

capabilities. Extending this perspective, Sipos et al. [16], based on a multi-country 

sample of 932 SMEs, find that configurations of product uniqueness, organisational 

practices, and market-oriented process sophistication are closely associated with 

innovation performance. 

Evidence from Germany further reinforces the RBV argument by illustrating how 

resource configurations shape outcomes unevenly. Hassan et al. [17], using data 

from 1,100 German SMEs, report that higher levels of digital diffusion are linked 

to stronger innovation performance, although these effects depend critically on 

organisations  ôlearning capabilities. Complementary findings by Radicic and 

Petkoviĺ [18] indicate that the innovation impact of digitalisation is both conditional 

and asymmetric, varying according to organisations characteristics, the types of 

digital technologies adopted, and the presence of internal R&D activities. Taken 

together, these studies align with RBV by demonstrating that performance 

differences stem from the specific configuration and effective deployment of 

organisational capabilities. 

Despite its strengths, RBV exhibits limitations in SME applications. First, it 

assumes relatively stable environments. Second, it does not explicitly address how 

resources are adapted or reconfigured over time. Third, RBV. These limitations do 

not diminish the foundational contribution of RBV but instead clarify its scope. 

rarely isolates modern technological capabilities as distinct resource configurations. 

While RBV provides a strong foundation, it requires complementary perspectives 

to fully explain SME behaviour under dynamic conditions. 
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3 Dynamic Capabilities Theory and SME Adaptation 

Dynamic Capabilities Theory (DCT) extends RBV by addressing how organisations 

adapt to changing environments through the reconfiguration of resources [19]. It 

introduces a process-oriented perspective, conceptualising three core 

microfoundations: sensing, which involves identifying opportunities and threats in 

the external environment; seizing, referring to the mobilisation of resources to 

capture these opportunities; and transforming, which concerns the reconfiguration 

of organisational assets and processes [20].  

European SME-focused research has strengthened the empirical relevance of DCT, 

particularly under conditions of turbulence where adaptive speed and coordination 

are critical. Dejardin et al. [21], analysing 209 Portuguese SMEs during periods of 

disruption, find that dynamic capabilities are significantly associated with 

performance variation in crisis contexts, supporting their role as concrete 

explanatory mechanisms rather than abstract constructs. Similarly, Weaven et al. 

[22], drawing on qualitative evidence from 40 Australian SMEs, demonstrate how 

firms reconfigure resources and organisational routines to endure and recover 

during economic downturns, highlighting the importance of adaptive coordination 

for resilience. Extending this line of inquiry, Fernandes et al. [23], based on 120 

internationalised Portuguese SMEs, show that dynamic capabilities strengthen the 

relationship between international entrepreneurial orientation and international 

performance, reinforcing the view that such capabilities function as amplifiers 

under uncertainty. 

Evidence from German SMEs further explores the explanatory power of DCT by 

illustrating that adaptive transformation depends on organisational conditions 

enabling sensing, seizing, and reconfiguration. Held et al. [24], using survey data 

from 98 SMEs, show that dynamic capabilities positively influence the 

development of digital leadership and organisational culture, suggesting that 

adaptive capacity acts as a precursor to broader transformation readiness. In parallel, 

Petzolt et al. [25] propose a digital transformation maturity model tailored to 

German SMEs, arguing that structured capability-based assessments are necessary 

to guide and sequence transformation efforts. Collectively, these findings 

emphasise the need for structured capability assessment models to guide SME 

transformation processes. 

Nevertheless, DCT remains insufficiently addressed in SME contexts. First, there 

is a limited specification of the mechanisms through which capabilities are 

operationalised. Second, existing studies do not commonly distinguish between 

superficial technology adoption and its deep integration into decision-making 

processes. Third, the effects of dynamic capabilities under specific forms of 

operational disruption remain under-theorised. Thus, while DCT enhances RBV by 

introducing adaptability, it still requires integration with perspectives that address 

behavioural and technological dimensions of organisational change. 
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4 Technology Acceptance Model in SMEs 

While the RBV and DCT explain how internal resources and adaptive processes 

contribute to sustained performance, they do not explicitly address whether 

organisational actors are willing to adopt and effectively use technological systems. 

Capturing this behavioural dimension, the Technology Acceptance Model (TAM), 

developed by Davis [26], posits that perceived usefulness and perceived ease of use 

shape both behavioural intention and actual system usage. The adoption of 

objectively superior technologies is not an automatic outcome of resource 

availability; in contrast, it is mediated by managerial perceptions and cognitive 

evaluations [27]. Subsequent extensions, containing TAM2 [28], the Unified 

Theory of Acceptance and Use of Technology [27], and TAM3 [29], expand this 

framework by incorporating social influence, facilitating conditions, and additional 

cognitive determinants. 

Recent empirical evidence from European SMEs confirms the continued relevance 

of organisational and contextual determinants in digital adoption. Clemente-

Almendros et al. [30], based on a sample of 1,044 managers, show that digital 

transformation outcomes vary systematically with firm size, degree of 

internationalisation, and managerial educational background, highlighting 

substantial heterogeneity across SME categories. Similarly, Kwarteng et al. [31], 

analysing 188 owner-managers in the Czech Republic and Slovakia, extend 

UTAUT by incorporating competitive pressure and demonstrate that performance 

expectancy and facilitating conditions remain key drivers of adoption. Further 

refinement is provided by Venkatesh [32], who examines algorithmic decision-

support systems, and identifies additional barriers such as trust calibration, 

perceived reliability, and risk sensitivity. 

Within the German SME context, adoption research further underscores the 

importance of TAM-related mechanisms. Hassan et al. [33], analysing 2,404 SMEs, 

find that the adoption of digital technologies such as social media and cloud 

computing is shaped by managerial perceptions, including perceived usefulness, 

security concerns, and implementation costs. In a similar approach, Ulrich and 

Frank [34], based on survey data from 283 German firms, report relatively slow 

adoption of artificial intelligence, with organisations often relying on established 

systems and identifying insufficient employee qualifications as a major barrier. 

These findings reinforce a central TAM insight: the availability of technology does 

not guarantee its adoption. 

However, despite its strengths, TAM presents an important limitation in the SME 

context: it primarily addresses initial acceptance rather than long-term value 

creation, offering bounded insight into how technologies contribute to sustained 

performance. Addressing this dimension requires integration with perspectives that 

conceptualise data-related factors required for effective technology utilisation, 

which is the focus of the subsequent section. 
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5 Big Data Analytics Capability and Performance 

While TAM explains the behavioural drivers of technology adoption, it does not 

directly account for how such use evolves into a sustained organisational capability. 

The concept of Big Data Analytics Capability (BDAC) addresses this gap by 

conceptualising analytics as a multidimensional capability embedded within 

organisational resources, routines, and managerial processes; formalised as a 

capability comprising tangible resources (data infrastructure and tools), human 

resources (technical and managerial expertise), and intangible resources (culture 

and coordination mechanisms) [35]. Complementing this view, Akter et al. [36] 

demonstrate that analytics capability contributes to performance only when it is 

strategically aligned with organisational objectives. Building on this foundation, 

Mikalef et al. [37] show that analytics capabilities generate sustained performance 

benefits when embedded within organisational routines and supported by processes 

of continuous resource reconfiguration. 

Research focused on European SMEs refines the conditions under which analytics 

capabilities are formed and leveraged. Pedota [38], drawing on a large-scale dataset 

of 21,934 Italian organisations, finds that the performance benefits of big data 

depend on the diversity of data sources, with heterogeneous inputs enhancing early 

detection of environmental change and improving resource allocation decisions. 

Similarly, Cadden et al. [39], analysing 194 UK SMEs, show that the relationship 

between analytics capability and performance is mediated by knowledge integration 

mechanisms that translate analytical insights into cross-functional organisational 

capabilities. Additionally, Orero-Blat et al. [40], based on 183 Spanish SMEs, 

demonstrate that analytics capability enhances performance when combined with 

innovation processes, highlighting the importance of complementary organisational 

activities. 

Within the German SME context, BDAC becomes particularly salient when 

research moves beyond adoption and examines the translation of data use into 

measurable organisational value. Pfister and Lehmann [41], through case studies of 

eight SMEs, show that analytics initiatives contribute to tangible outcomes such as 

revenue growth, efficiency gains, productivity improvements, and enhanced 

stakeholder satisfaction, often generating positive returns on investment. Expanding 

on this perspective, Kling et al. [42] conceptualise the transition toward a data-

driven organisation as a structured, multi-stage process. These findings demonstrate 

that SMEs benefit from analytics not simply through access to digital tools, but 

through the development of routines, structures, and decision processes that convert 

data into sustained capability. 

Despite these advancements, BDAC research faces limitations for SME 

applicability. First, empirical work is based on cross-sectional data, limiting insights 

into capability evolution. Second, models are often derived from large 

organisations. Lastly, behavioural aspects remain under-specified, reinforcing the 

need for integration with TAM. 
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6 Integrated Theoretical Framework 

Individually, the four theoretical perspectives examined in this work provide 

valuable but partial explanations of SME performance. RBV explains resource 

heterogeneity, DCT addresses adaptation, TAM captures behavioural acceptance, 

and BDAC conceptualises analytics capability. However, when applied in isolation, 

each perspective fails to fully capture the complexity of SME environments. To 

illustrate their complementarity, Figure 1 presents an integrated conceptual 

representation: 

Figure 1 

Analytical Integration of RBV, DCT, TAM and BDAC 

Source: Own elaboration based on Barney [12], Teece et al. [19], Davis [26], Gupta and George [35]. 

Importantly, this model does not imply hierarchical dependency, but rather 

analytical complementarity, where each framework addresses a distinct limitation 

of the others. 
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Understanding how organisations achieve sustainable growth under conditions of 

operational disruption requires a theoretical framework capable of capturing 

multiple, interdependent dimensions of management science. In contemporary 

competitive environments, organisational performance is no longer determined 

solely by static resource endowments or industry positioning. Instead, it emerges 

from the dynamic interaction between internal capabilities, adaptive processes, 

decision-making mechanisms, and the effective utilisation of data-driven 

technologies [20]. Consequently, no single theoretical perspective is sufficient to 

fully explain how SMEs simultaneously navigate volatility, uncertainty, and growth 

pressures [43]. The key implication is that SME performance cannot be explained 

by a single theoretical lens. Instead, it emerges from the interaction of multiple 

dimensions. This integration also highlights critical gaps in existing literature, 

particularly regarding the interaction between behavioural adoption, capability 

development, and performance under dynamic conditions. 

 

Conclusion 

This paper has examined the applicability of four major business theories, and 

reveals that no single theoretical framework sufficiently explains SME performance 

and adaptation in the European context. While each theoretical perspective offers 

valuable insights, their individual limitations highlight the need for an integrated 

approach. RBV provides a strong foundation for understanding resource-based 

differences, but lacks dynamic considerations. DCT addresses adaptation but 

remains incomplete in operational terms. TAM explains adoption behaviour but 

does not capture capability development. BDAC bridges this gap by 

conceptualising analytics as a capability, yet requires integration with behavioural 

and dynamic perspectives. 

Through this theoretical integration, this work offers a more comprehensive 

perspective that captures the interaction between resources, capabilities, behaviour, 

and technology. This approach is particularly relevant for SMEs operating in 

increasingly complex environments. For this reason, future research should focus 

on empirically testing these interactions, particularly in European SME settings 

characterised by digital transformation and operational uncertainty. 
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Abstract: This study examines the role of green finance in supporting Albaniaôs transition 

toward a sustainable economy. It combines a theoretical review of sustainable finance 

instruments, ESG criteria, and international practices with empirical research based on 

surveys of financial institutions, businesses, and institutional actors in Albania. The findings 

show growing awareness of green finance, but practical implementation remains limited due 

to unclear legal frameworks, limited technical capacity, and a lack of fiscal incentives. 

Despite these barriers, most institutions express willingness to engage in green finance if 

supportive policies are introduced. The study concludes that Albania has strong potential to 

develop a sustainable financial system and recommends establishing a national taxonomy, 

promoting investment in key sectors such as clean energy and agriculture, and strengthening 

market education on sustainability. 

Keywords: Green finance; sustainable development; green economy; ESG; Albania; 

European Union Taxonomy; climate finance; priority sectors; public policy; sustainable 

financial markets. 

1 Introduction  

Climate change and environmental degradation have intensified global efforts to 

transform economic systems toward sustainability. The increasing frequency of 

extreme weather events, biodiversity loss, and energy insecurity has highlighted the 

urgency of redirecting financial flows toward environmentally responsible 

investments. In this context, green finance has emerged as a strategic mechanism 

for supporting sustainable economic transformation. 
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Green finance refers to financial instruments and investments that promote 

environmental protection, climate change mitigation, renewable energy, energy 

efficiency, and sustainable resource management. International agreements such as 

the Paris Agreement and policy initiatives like the European Green Deal have 

reinforced the importance of aligning financial systems with climate objectives. 

As a candidate country for membership in the European Union, Albania faces 

increasing pressure to harmonize its regulatory and financial systems with European 

sustainability standards[1]. Although the country has made progress in renewable 

energy development and environmental policy reforms, green finance remains at an 

early stage of development [2] [3]. 

The main objective of this paper is to analyze the role of green finance in supporting 

sustainable economic transition in Albania, identify current challenges, and assess 

future opportunities through empirical evidence. 

2 Literature Review 

2.1 Concept of Green Finance 

Green finance encompasses financial activities that support environmentally 

sustainable projects. It includes green bonds, green loans, climate funds, ESG 

investments, and sustainable banking practices. Unlike traditional finance, green 

finance integrates environmental risk assessment into financial decision-making. 

The concept is closely linked to sustainable development, which balances economic 

growth, environmental protection, and social inclusion. Financial institutions 

increasingly incorporate Environmental, Social, and Governance (ESG) criteria to 

evaluate long-term risks and performance [4] [5]. 

2.2 Green Financial Instruments 

The prevailing taxonomy of green financial instruments comprises several 

specialized capital-allocation mechanisms designed to align investment portfolios 

with environmental objectives. Foremost among these are green bonds, structured 

debt securities explicitly earmarked for financing environmentally sustainable 

initiatives, and green loans, which provide targeted credit lines for renewable energy 

deployment, energy efficiency enhancements, and sustainable infrastructure 

development [6] [7].  

Concurrently, sustainable investment funds operationalize capital management by 

systematically prioritizing entities that demonstrate compliance with 
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Environmental, Social, and Governance (ESG) criteria. On a macroeconomic scale, 

climate finance mechanisms serve as essential international funding channels 

engineered to assist developing and emerging economies in implementing 

comprehensive climate mitigation and adaptation strategies [8]. 

Empirical studies suggest that ESG integration can reduce long-term financial risks 

and improve resilience. Companies with strong sustainability performance often 

demonstrate better risk management and investor confidence. 

2.3 International Policy Framework  

Global institutions such as the World Bank and the European Bank for 

Reconstruction and Development play a significant role in financing green projects 

in emerging economies. Their initiatives include climate investment funds, 

renewable energy financing programs, and sustainable infrastructure development. 

The European Union has introduced a sustainability taxonomy and disclosure 

regulations to guide financial markets toward green investments. These 

developments influence candidate countries, including Albania, by encouraging 

regulatory alignment and institutional reform [9] [10]. 

3 Methodology 

This study applies a combined theoretical and empirical approach. 

The theoretical part is based on a review of international literature, policy 

documents, and institutional reports related to green finance and sustainable 

development. 

The empirical research is based on a structured questionnaire distributed to 

representatives of financial institutions, private businesses, and public sector 

stakeholders. A non-probabilistic sampling method was used due to limited access 

to a comprehensive sampling frame. The questionnaire included closed-ended 

questions measuring: 

¶ Awareness of green finance concepts 

¶ Willingness to invest in green projects 

¶ Perceived barriers 

¶ Institutional readiness 

Data were analyzed using descriptive statistical methods, including percentage 

distributions and comparative evaluation. 
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4 Green Finance in Albania 

This section provides a comprehensive overview of the Green Finance landscape in 

Albania, depicting a sector currently in its foundational stages. While the country 

lacks a dedicated national green taxonomy or specific finance laws, sustainability is 

increasingly being integrated into national strategies as part of the broader EU 

integration process. At present, the ecosystem is largely driven by international 

financial institutions and development partners, though domestic commercial banks 

have begun introducing modest green loan products for solar energy and building 

efficiency [11]. 

Significant progress has been noted in the expansion of photovoltaic power plants 

and energy efficiency programs for SMEs; however, these investments still 

represent a minor portion of Albaniaôs total financial flows. The primary obstacles 

to further growth include a lack of standardized regulatory frameworks, high 

perceived initial investment costs, and a significant gap in technical expertise within 

local financial institutions for assessing green risks and sustainability disclosures 

[12]. 

4.1 Regulatory Framework 

Albania does not yet have a dedicated green finance law or a national green 

taxonomy. However, sustainability objectives are integrated into broader strategic 

documents, including national development and energy strategies. Since Albania's 

regulatory trajectory is heavily driven by its EU integration goals incorporating 

foundational and impact-based studies on the EU Taxonomy adds vital regulatory 

context. 

Literature examines the EU Taxonomy as a cornerstone of European sustainable 

finance, detailing how this science-based classification framework acts as a vital 

transparency instrument to combat greenwashing and guide institutional capital 

toward environmentally sustainable economic activities. The literature review 

highlights the framework's dual role in enabling data-driven investor decisions and 

providing companies with the necessary metrics to finance credible transitions to 

net-zero [13]. 

The alignment with the EU Taxonomy significantly enhances corporate market 

value and operational efficiency. They also investigate how macroeconomic and 

policy uncertainties impact long-term green bond markets, which supports your 

analysis of Albania's regulatory gaps [14] [15]. 

Ahmed, Yusuf, and Ishaque offer empirical evidence that green bonds serve as an 

operational bridge to achieving the United Nations Sustainable Development Goals 

(SDGs) related to the environment, acting as a crucial tool for climate change 

mitigation [6]. Complementing this macro-level view, Maltais and Nykvist provide 
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a comprehensive review of how these financial mechanisms actually function in 

advancing sustainability, exploring their broader societal impact and structural 

effectiveness [16]. Together, they demonstrate that green bonds are essential 

vehicles for transforming high-level international climate commitments into 

measurable environmental additions. 

The countryôs EU integration process requires gradual alignment with European 

environmental acquis. While progress has been made in renewable energy 

legislation, financial market regulations still lack explicit sustainability disclosure 

requirements [17]. 

The absence of a standardized framework creates uncertainty for investors and 

limits the development of green financial products. 

4.2 Main Actors 

Green finance initiatives in Albania are primarily supported by international 

financial institutions and development partners. Programs promoting renewable 

energy, energy efficiency, and SME sustainability have been introduced through 

development banks and donor-supported credit lines. 

Domestic commercial banks have started offering limited green loan products, 

particularly for solar energy and building efficiency. However, these products 

remain small in scale. 

Public institutions play a coordinating role, but institutional capacity and technical 

expertise require further strengthening. 

4.3 Key Projects 

Several renewable energy projects, particularly photovoltaic power plants, have 

been developed in recent years. Energy efficiency programs targeting households 

and small businesses have also been supported through dedicated credit lines. 

Huang demonstrates that green bonds and Environmental, Social, and Governance 

(ESG) investments function as vital catalysts for sustainable finance, driving green 

economic growth even within resource-abundant or developing economies [4]. 

Complementing this macro-level perspective, literature provides that firm-level 

empirical evidence establishing a clear relationship between a companyôs multi-

dimensional ESG performance and its corporate capacity to successfully issue green 

bonds [5] [18]. Together, they underscore that integrating robust ESG frameworks 

is not just a risk-mitigation tool, but a foundational driver for mobilizing green 

capital and advancing sustainable development [19]. 
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Green financing has contributed to: 

¶ Expansion of solar energy capacity 

¶ Improvement of building insulation standards 

¶ Reduction of energy consumption in SMEs 

¶ Modernization of public infrastructure 

Despite these achievements, green investments remain a relatively small portion of 

total financial flows. 

4.4 Implementation Barriers 

The main barriers to green finance development in Albania include: 

¶ Lack of a national green taxonomy 

¶ Limited financial incentives 

¶ Insufficient awareness among businesses 

¶ Perceived high initial investment costs 

¶ Limited risk-sharing mechanisms 

Additionally, financial institutions often lack specialized expertise in assessing 

environmental risks. 

5 Findings 

The empirical results indicate moderate awareness of green finance concepts among 

respondents. Financial institutions demonstrate higher familiarity compared to 

small businesses. 

A significant percentage of respondents expressed willingness to invest in green 

projects if supported by: 

¶ Government guarantees 

¶ Tax incentives 

¶ Preferential interest rates 

The main obstacles identified include regulatory uncertainty, high upfront costs, and 

lack of technical guidance. 

The provided table below highlights the transitional state of green finance in 

Albania, where regulatory frameworks are currently shaped by EU integration 

rather than independent national legislation. This top-down approach has created a 

market led primarily by International Financial Institutions (IFIs), with domestic 

banks only beginning to pilot specialized products for renewable energy and 

efficiency. 
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Category Key Findings 

Regulation No specific law or taxonomy; driven by EU acquis alignment. 

Primary 

Actors 

Led by IFIs; domestic banks offer limited solar and efficiency loans. 

Successes Solar energy growth, SME modernization, and public infrastructure 

updates. 

Barriers  Lack of incentives, low awareness, and limited risk-sharing 

mechanisms. 

Table.1. 

 Summarized findings 

While tangible successes are visible in solar energy expansion and SME 

modernization, the transition is slowed by significant barriers, including a lack of 

financial incentives and limited risk-sharing mechanisms. Ultimately, the data 

suggests that while the foundation is being laid through infrastructure projects, the 

sector requires a more standardized taxonomy and increased local expertise to move 

beyond its current niche status. 

The findings suggest that although structural limitations exist, market demand for 

green financial products is emerging. This indicates strong potential for expansion 

if institutional reforms are implemented. 

 

Conclusions 

Green finance represents a strategic instrument for supporting Albaniaôs transition 

toward a sustainable economy. While the country has made progress in renewable 

energy development and policy alignment with European standards, the financial 

sectorôs integration of sustainability principles remains limited. 

The study highlights three key priorities: 

1. Development of a national green finance strategy and taxonomy. 

2. Introduction of fiscal incentives and risk-sharing mechanisms. 

3. Strengthening institutional capacity and financial literacy. 

If these measures are implemented, green finance can significantly contribute to 

economic modernization, environmental protection, and EU integration objectives. 

The transition toward sustainability in Albania is not only an environmental 

necessity but also an economic opportunity that requires coordinated action between 

the public and private sectors.Acknowledgement 10 
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